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The COVID-19 outbreak has struck the world and has led to mortalities worldwide. On 
top of that, cancer diseases are the other major cause of death globally. Scientists 
around the globe are racing to find possible therapeutic compounds that could alleviate 
or manage these diseases. Searching for the potential compounds to be utilised as a 
treatment for SARS-CoV-2 infection and immunotherapies for cancer is in line with 
achieving a healthy community. The healthy community concept aims to reduce health 
gaps regardless of the status quo within a community. In making this concept a success, 
the ability to recover from health disasters such as cancer and the COVID-19 outbreak 
is one of the indicators. It could be achieved when humans are supplemented with 
proper nutrients to help manage these diseases. Studies have suggested that compounds 
exhibiting anti-inflammatory and antioxidant properties could help to reduce the 
inflammation caused by the SARS-CoV-2 infection while enhancing the immune system 
to address cancer diseases. The current work will review the anti-inflammatory 
properties of astaxanthin, tocotrienols and tocopherols, plus the beta-carotene and 
fucoxanthin's antioxidant properties. The potential of the studied compounds to be 
utilised as cancer immunotherapies will be further evaluated, as these compounds have 
also been reported to exhibit anti-cancer properties. The findings of this study will 
indicate the potential of these five compounds in managing SARS-CoV-2 infection and 
act as cancer immunotherapies in achieving a healthy community. 
 

Contribution/ Originality: Though the anti-inflammatory and antioxidant of the compounds were widely 

reported, the information on the relationship between the ability of the compound and its impact in achieving a 

healthy community, especially in managing SARS-CoV-2 infection and cancer diseases, was minimal. Hence, the 

current work aims to narrow the research gaps.  
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1. INTRODUCTION 

A healthy community is a growing concept that aims to narrow the health gaps among the citizens in a 

community. This concept is in line with the WHO concept regarding community health. In short, a healthy 

community is a branch of health that focuses on people and their role in caring for their well-being. Achieving a 

healthy community could include getting proper nutrients and supplementations and quickly recovering from 

health disasters [1, 2]. The COVID-19 pandemic has affected and killed countless human lives globally. The first 

reported pneumonia case caused by a novel coronavirus was identified in December 2019 in Wuhan, Hubei, China. 

Due to its fast transmission by aerosols and air, World Health Organization (WHO) declared the disease a Global 

pandemic in January 2020 [3].  

The causative agent of COVID-19 is the 2019 novel coronavirus or severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), a Coronaviridae family species. SARS-CoV-2 has a more robust and faster ability of 

transmission to cause infection across the globe than the past coronavirus cases, making it hard to control instantly 

[4]. Few articles suggested that COVID-19 patients should receive nutritional support to complete their diet. Even 

people who are not infected by COVID-19 need to consider this. It is suggested that these infected individuals 

consume supplements that may have anti-inflammatory and antioxidant properties [5]. Instead of the COVID-19 

outbreak, cancer is the other leading cause of death worldwide. In 2020, approximately 10 million deaths occurred 

due to cancer. It is one of the problems that greatly influenced human life and became the main challenge for 

doctors and patients. In making a healthy community a reality, more potential compounds to be utilised in 

developing cancer immunotherapies should be further discovered [6].  

Antioxidants and anti-inflammatory compounds could be the potential candidates to manage COVID-19 and 

act as potential immunotherapies for cancer diseases in achieving Healthy Community. In biological terms, any 

substance that may slow or stop the action of oxidants is considered an antioxidant. Furthermore, antioxidants 

work together to neutralise reactive oxygen species (ROS) and reactive nitrogen species (RNS), reducing oxidative 

cell and tissue damage [7]. Conversely, anti-inflammation refers to pro-inflammatory mediators' lowering or 

removing action responsible for acute and chronic inflammation. These actions can be accomplished by limiting 

their synthesis, stopping their activity by selective antagonists or extracellular scavenger molecules, or breaking 

down or modifying the enzymatic post-translational [8].  

Many compounds exhibit anti-inflammatory and antioxidant properties. Nevertheless, astaxanthin, tocotrienols 

and tocopherol will be reviewed for their anti-inflammatory properties, while fucoxanthin and beta-carotene's 

antioxidant properties will be further evaluated. This current work will review their potential to manage the recent 

COVID-19 outbreak and cancer diseases by providing proper supplementations to humankind in achieving a 

healthy community.  

 

2. REVIEWED ANTIOXIDANT AND ANTI-INFLAMMATORY COMPOUNDS 

Antioxidants can suppress or considerably retard the oxidation of easily oxidisable compounds like lipids to 

prevent cell damage. These compounds can oxidise themselves before or rather than other molecules [9]. Various 

anti-inflammatory compounds have been extensively studied and transformed into therapeutic agents to enhance 

pharmacology, decrease side effects and recognise new targets. Anti-inflammatory compounds vary from 

endogenous or natural to synthetic and neutralising antibody-based molecules. The short-term or moderate use of 

anti-inflammatory regimes is safe and effective against inflammation. However, long-term use of anti-inflammatory 

compounds, particularly in treating chronic inflammation, will lead to notable side effects in specific organs and 

increase the risk of immunosuppression [10, 11]. The current work will review the anti-inflammatory properties of 

astaxanthin, tocopherol and tocotrienols plus antioxidants such as beta carotene and fucoxanthin in managing 

COVID-19 and utilisation of these compounds as immunotherapies for cancer diseases in achieving a healthy 

community.  
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2.1. Astaxanthin  

Astaxanthin (3,30dihydroxy-, -carotene-4,40-dione) is a keto-carotenoid that exerts a broad range of health-

promoting qualities via its interactions with a diverse array of molecular targets [12]. Yeast, bacteria, and some 

algae, most notably derived from Haematococcus pluvialis, are sources of astaxanthin. It can also be discovered in 

some fish, crustaceans, and birds because of how food chains work in nature, which makes astaxanthin accumulate 

[13]. H. pluvialis is the primary source of human consumption of astaxanthin. When exposed to high salinity, 

nitrogen depletion, hot temperatures, and light, the freshwater microalga H. pluvalis can acquire significant 

astaxanthin (up to 3.8–5% of the microalga's dry mass) [12, 14]. Astaxanthin generally protects against oxidative 

damage, including neutralised singlet oxygen, scavenging radicals to avoid chain reactions, preserving membrane 

structure by retarding lipid peroxidation (LPO) and enhancing the immune system function and gene expression 

modulation [12]. Astaxanthin is widely used in industries and comes from chemical (artificial) and natural sources. 

Synthetic astaxanthin has a 20-fold lower antioxidant capacity than natural astaxanthin and is 95% available in the 

market. Dietary astaxanthin is the only Food and Drug Administration (FDA)-approved astaxanthin [14]. 

 

2.2. Tocopherol  

Tocotrienols and tocopherols are lipid-soluble tocols compounds in four different structures: alpha, beta, 

gamma, and delta, as shown in Figure 1 [15]. These four isoforms have different locations and numbers of methyl 

groups [16].  

 

 
Figure 1. Form of vitamin E. 

Note: α-,β-,γ-,δ- refer to alpha-, beta-, gamma-, and delta-tocopherols and the alpha-, beta-, gamma-, and delta-
tocotrienols, the analogues of vitamin E. Alpha-tocopherol has been used to set the Recommended Dietary 
Allowance for vitamin E. RRR refers to natural sources of alpha-tocopherols (usually derived from seed oils), while 
All-racemic refers to synthetic sources of alpha-tocopherol (usually derived from fortified products. 

 

They are differentiated by the number and location of the methyl group bonded to the chroman nucleus. 

Tocopherols have a saturated lateral chain; meanwhile, tocotrienols have it in an unsaturated form and an 

isoprenoid side chain  [17]. Studies have revealed that, out of these four isomers, α-Tocopherol (α-T) is considered 

a primary form of vitamin E (VE) in animals. It exhibits the highest activity in performing essential antioxidant 

functions VE. The anti-cancer properties of α-Tocopherol have been extensively studied due to the action of 

oxidative stress in carcinogenesis [18]. Generally, there are two sources of α-tocopherol, naturally occurring α-
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tocopherol isomers known as RRR α-tocopherol and the synthetic all-racemic α-tocopherol. Both of this α-

tocopherol are generally consumed via dietary supplements and foods. Studies suggested that naturally occurring α-

tocopherol has a notable effect on human health compared with synthetic ones. Due to the mentioned facts, 

scientists and researchers around the globe are studying plants that exhibit effective vitamin E content [17-19]. 

Seed oils are some examples of naturally occurring α-tocopherol, while ready-to-eat cereals could be regarded as a 

source of synthetic α-tocopherol. A study suggested that adults take 15 mg of naturally occurring alpha-tocopherol  

(RRR α-tocopherol) daily. The anti-inflammatory potential of tocopherol has been studied for several areas of 

human health, including the immune system, cancer, the central nervous system, and the cardiovascular system [15, 

18, 19]. 

 

2.3. Tocotrienols 

Vitamin E can be found naturally in vegetables, plants and plant oils, and tocotrienols are generally found in 

the monocotyledonous plants' seeds, dicotyledonous plants' fruits and latex of rubber trees. Tocotrienols are mainly 

extracted from rice bran, palm, and annatto seeds. These three sources were considered primary sources of 

tocotrienols [20]. Other sources of tocotrienols include coconut oil, barley germ, wheat germ, maise, grapefruit 

seed oil, hazelnuts, rye, flaxseed oil, olive oil, Buckthorn berry and sunflower oil [21]. The tocopherol ratio to 

tocotrienol is 45:55 in rice bran oil, 30:70 in palm oil and 0:100 in annatto seeds, as shown in Figure 2 [22]. 

 

 
 Figure 2. The distribution of tocotrienol(T3) in three primary sources.  

Note: In rice, 30-40% of Tocotrienols (T3) were comprised of delta-tocotrienols (Des T3), 50-55% and more than 99% of Tocotrienols found in 
Palm and Annatto consisted of delta-tocotrienols (Des T3), respectively. 

 

In oil palm, approximately 75% of the vitamin E comes from tocotrienols, with a majority of γ-tocotrienols 

[20]. Many studies have revealed that palm oil carries anti-oxidative properties with potential therapeutics in the 

pharmaceutical industry. The antioxidants in palm oil involve a bouquet of compounds, including tocotrienols and 

carotenes. Tocotrienol is reported to own superior anti-inflammatory, antioxidant, anti-cancer, and neuroprotective 

properties, while it helps reduce cholesterol levels in plasma [21-23]. The current work will further evaluate the 

anti-inflammatory properties of tocotrienols. In the current work, the anti-inflammatory properties of tocotrienols 

will be further evaluated.  

 

2.4. Fucoxanthin 

Fucoxanthin is a xanthophyll carotenoid prevalent in macroalgae, and it is found primarily on kelp (brown 

algae seaweeds) and microalgae (diatoms) and is critical for algal photosynthesis [24]. Diatoms, such as 

Phaeodactylum tricornutum, are recommended sources of fucoxanthin in the food industry due to their higher 

fucoxanthin concentration extraction efficiency and shorter growing cycle than macroalgae [25, 26]. On top of 
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that, fucoxanthin can scavenge singlet molecular oxygen and peroxyl radicals. Energy transfer between two 

molecules is the primary mechanism for carotenoids to quench singlet oxygen. For carotenoids to quench singlet 

oxygen, energy transfer between two molecules is the primary mechanism. An inert ground state of carotenoid 

molecules and a triplet excited state of carotenoid molecules are formed by the transference of energy from 

oxidation to the conjugated double bonds in carotenoids. To get the carotenoids back to their normal state, they 

release energy into the atmosphere. Consequently, it is possible to reuse carotenoids because they are not oxidised 

or consumed by the process. Carotenoids are more effective in quenching singlet oxygen when they have more 

conjugated double bonds. Additionally, carotenoids scavenge for free radicals. In the terminal rings of carotenoids, 

functional elements, such as carbonyl and hydroxyl groups, influence their ability to scavenge free radicals [24-26]. 

Several chronic medical conditions, including heart disease, type 2 diabetes and obesity, hypertension, and 

osteoporosis, have been shown to benefit from fucoxanthin's antioxidant and scavenger properties for ROS, 

inflammation-related disorders, and its antibacterial carotenoid properties [26]. Besides, this beneficial pigment has 

demonstrated promising potential in preventing skin photoaging in UVB-irradiated hairless mice [27]. 

Additionally, because fucoxanthin is safe for animals, it can be utilised in various feed items [28].  

 

2.5. Beta-Carotene 

Beta-carotene is the most significant pro-vitamin A carotenoid, and they are usually found in algae, plants, and 

photosynthetic microorganisms that range from yellow to red. Dunaliella salina is a halotolerant green microalga 

with the highest source of β-carotene among microalgae. D. salina is frequently cultured in salinity conditions and is 

used in various industries, including pharmaceutical, health, food, and energy [29, 30]. Apart from that, Beta-

carotene is insoluble in water, moderately soluble in ethanol and ether, and somewhat soluble in chloroform, 

benzene, and oil. It has a melting point of 176–180 °C [30]. The disease-preventive effect of β-carotene and other 

pro-vitamin A carotenoids can be attributed to their conversion to retinoids or their activity as whole molecules 

[31]. Beta-carotene has been found to have anti-cancer and antioxidant characteristics, assisting in protecting 

human and animal skin from photoaging, which also helps manage cholesterol levels to reduce the risk of 

cardiovascular disease [14, 30, 31]. Different fields can benefit from the use of carotenoids. As a food colourant, 

beta-carotene has been widely employed in the food industry, including in the production of soft beverages, pastries, 

and margarine. The European Commission has authorised beta-carotene from Dunaliella salina as a food colourant 

(E160 an (iv) Algal Carotenes) [29]. Besides, there are numerous health benefits associated with carotenoids, such 

as lowering triglyceride levels while boosting HDL (high-density lipoprotein) cholesterol and avoiding cancer, 

which is why they are utilised in nutraceuticals [14, 32]. Most beta-carotene in the industry is synthetic and 

contains just the all-trans isomer. Beta-carotene is a useful pigment found in various microalgal species. Still,  

microalgae's poor beta-carotene production has become a critical barrier to industrialisation [29]. 

 

3. COVID-19 

The COVID-19 pandemic, caused by SARS-CoV-2, has significantly impacted healthcare systems as it may 

cause pneumonia, with symptoms that vary from mild to severe [33]. Researchers have struggled to develop a 

treatment option for managing the infection. It is noted that antioxidants and anti-inflammatory are essential 

nutrients that humans cannot synthesise naturally, and inadequate amounts must be taken from diet or 

supplementation [34]. SARS-CoV-2 infection may also lead to oxidative stress, which later may cause pulmonary 

dysfunction, cytokine storm, and viral sepsis, while worsening COVID-19 impact in certain people [35]. This is 

because oxidative stress appears to have a role in developing viral pathogens and other lung illnesses, making 

antioxidant therapy a viable treatment option for the lower respiratory tract [36].  

Numerous research indicates several novel ways of boosting the immune system. These include immunisation, 

conventional therapy, and supplementation with antioxidants and vitamins. Treatments primarily focus on 
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symptomatic and respiratory support, with many nations adopting WHO recommendations. In clinical trials, many 

cures, such as antioxidants and vitamins, are still being searched for, but their efficacy is still uncertain [37]. 

COVID-19 has no approved treatments; nonetheless, preventative measures such as taking health supplements, 

social isolation, public sanitation, and wearing face masks are the most effective current treatments. Furthermore, as 

it has been proved that certain micronutrients are crucial to the immune system, individuals are beginning to take 

antioxidants and vitamins to boost their immune systems. There are concerns that the SARS-CoV-2 spike protein 

constantly changes, resulting in the discovery of potential variants [36-38]. 

Individuals infected with SARS-CoV-2 may experience severe flu-like symptoms, eventually leading to renal 

failure, pneumonia, acute respiratory distress (ARD) and death. A study has reported that out of 99 studied patients, 

83% experience fever, 82% and 31% experience cough and dyspnea, respectively [38, 39]. Another study revealed 

that patients who experienced ARD and multiorgan failures due to SARS-CoV-2 infection require mechanical 

ventilation to support respiration [40]. A study reported that infected individuals would require urgent treatment 

before a severe inflammatory response occurs, known as the cytokine storm phase [41, 42]. Tissue damage in the 

immune or epithelial cells due to SARS-CoV-2 infection has led to the release of inflammatory cytokines such as IL-

1, IL-12, IL-6 and TNF-α. Consequently, these cytokines will call up innate immune cells such as macrophages and 

monocytes, thus activating the adaptive immune cells, CD4+ T cells and CD8+ T cells. Activating these adaptive 

immune cells led to myelopoiesis and granulopoiesis  [40, 41, 43].  

Several treatments have been discovered for treating the inflammation caused by SARS-CoV-2 infection. 

Among these treatments, methylprednisolone and dexamethasone, known as Corticosteroids, were regarded as 

options to treat infected individuals with cytokine storm as a low dose prescription of these agents reduces the 

mortality of critically ill patients that requires mechanical ventilation. Nevertheless, using these agents might have 

long-term complications and delayed viral clearance. Intravenous Immunoglobulin (II) is another option to treat 

inflammation caused by SARS-CoV-2 infection. II has been proven to exert an immunomodulatory effect primarily 

by neutralising the virus via antibodies/polyclonal immunoglobulin G (IgG) [42, 44, 45]. Chloroquine and 

Hydroxychloroquine are other drugs being prescribed to manage COVID-19-infected individuals. These 

compounds could lessen the glycosylation of ACE-2 receptors, thus averting SARS-CoV-2 from binding to host 

cells effectively [44, 45]. 

Based on the facts mentioned earlier, there is a need to find the potential natural compounds that exhibit anti-

inflammatory properties as therapeutic agents to alleviate the inflammation caused by the SARS-CoV-2 infection. 

 

3.1. Cancer Diseases  

Cancer is a disease that occurs due to mutation in genes. An oncogene is a gene that undergoes a mutation, 

leading to cancer development. In their normal condition, oncogenes are known as proto-oncogenes that regulate 

cell division. When proto-oncogenes turn mutated, they can become overactive and cause cells to divide 

uncontrollably. It causes abnormality in the regulation of cellular pathways that results in higher multiplication and 

survival of cancer cells [46]. They can avoid the damaging effects of the immune response of the immune system to 

survive and proliferate. Cancer cells may spread and develop from the area they first formed to the surrounding 

tissues. It is called metastatic cancer, which involves the metastasis process.  

Metastasis is the dissemination of tumour cells from the primary tumour site to the other sites through 

multiple steps, commonly in the advanced cancer stage [47]. The treatment could be further divided into two; 

traditional and modern treatment in treating cancer diseases. Surgery is one of the traditional modalities that is 

widely used. It is preferred over chemotherapy and radiotherapy as it causes minimum harm to the surrounding 

tissues. It yields excellent effectiveness at the early stage of cancer. It can be done through open or minimally 

invasive surgery. Open surgery makes a huge slit and commonly causes the tumour and some healthy tissues to be 

removed. Oppositely, minimally invasive surgery makes small slits instead of huge ones and involves a laparoscope 
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for viewing the tumour [48, 49]. 

Meanwhile, radiation relates to using ionising radiation to destroy cancer cells. It can cause cancer cells to be 

killed directly or genetically modify them to undergo apoptosis and thus die. The destructed DNA have lost the 

ability to increase and leads the cell division process to be suppressed. As a result, they die. On the other hand, 

chemotherapy inhibits tumour development by eliminating their ability to divide and initiate cell death. 

Chemotherapy causes changes in tumour cells to stop their growth development or cause them to die. Different 

types of drugs can be used in chemotherapy. For instance, alkylating agents, anti-metabolites, anthracyclines and 

more [50].  

Angiogenesis inhibitor is one of the advanced modalities to treat cancer. It involves using chemical inhibitors to 

inhibit the blood from being supplied to the tumour cells by blocking the blood vessels growth. Examples of 

inhibitors include thalidomide, interferon, bevacizumab and more [49, 51]. Another modern cancer treatment will 

be emphasised and focused on in this study. It is known as immunotherapies. Immunotherapies stimulate the 

immune system to recognise and eliminate cancer cells in a host body [52]. Thus, the potential compounds to be 

utilised as cancer immunotherapies should be further evaluated. 

 

3.2. Anti-inflammatory Properties of the Studied Compound 

Inflammation is an immune system's protective defence response when unwanted foreign materials or 

pathogens infect the tissue cells or when the local tissue is injured [50]. These immune responses comprise a 

complicated cascade of pro and anti-inflammatory mediators [51]. Immune homeostasis is a state of immunological 

equilibrium achieved by maintaining the balance of effector immune cells and regulatory immune cells. These cells 

act by removing the disease or pathogens by carrying out an immunostimulatory role or hindering the excess 

inflammation by performing a regulatory role [52]. Inflammation can be derived into two; acute and chronic 

inflammation. Acute inflammation is a typical response of our body's immune system to heal wounds and fight 

infections; meanwhile, chronic inflammation may be a symptom of inflammatory diseases [53]. Two types of 

cytokines are involved in the regulatory roles of inflammation: pro-inflammatory cytokines and anti-inflammatory 

cytokines. The pro-inflammatory cytokines act by promoting inflammation to eradicate the invasion of pathogens. 

Anti-inflammatory cytokines, on the other hand, control the pro-inflammatory cytokine response. At the beginning 

of inflammation, macrophages release growth factors and recruit fibroblasts to produce collagen in the tissue. The 

stimuli are eliminated in the initial phase of inflammation. After removing stimuli, the synthesis of pro-

inflammatory mediators is blocked, the existing inflammatory mediators in the tissue are digested. Finally, the 

recruitments of white blood cells and polymorphonuclear neutrophils (PMNs) are inhibited. The lipoxins and 

cyclopentenone prostaglandins (cyPGs) play significant roles in anti-inflammatory activities. The lipoxins block the 

gene expression of adhesion molecules, stop the migration of neutrophils, inhibit superoxide production, and assist 

the apoptosis of neutrophils. The cyPGs demonstrate anti-inflammatory effects by suppressing the expression of 

adhesin molecules on endothelium and inducible nitric oxide synthase by macrophages [53, 54]. When the 

inflammation is uncontrollable, or the acute inflammatory response fails to discard the stimulation, acute 

inflammation may evolve into chronic inflammation. Chronic inflammation is linked to the development of 

numerous inflammatory diseases such as cancer, cardiovascular and pulmonary diseases, Alzheimer's disease, 

diabetes and obesity, and rheumatoid arthritis [50]. Chronic inflammation occurs when there are ongoing tissue 

injuries and attempts at tissue healing, consistent infections that may turn into delayed hypersensitive disorders and 

the presence of toxic agents. In autoimmune diseases or hypersensitive disorders, the immune system overreacts to 

itself, leading to chronic inflammation. In the severe cases of COVID-19, immune dysregulation shows a 

progressive pattern. Pro-inflammatory cytokines and chemokines are higher in patients with severe illnesses and 

ventilated patients [54, 55]. 
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3.3. Astaxanthin and Anti-Inflammatory Properties 

Astaxanthin has been reported to reduce inflammation, apoptosis, and oxidative stress by controlling different 

oxidative stress pathways, as oxidative stress has been reported to play a role in disease onset, progression, and 

critical complications. When astaxanthin is administered orally or parenterally to animal models, it is reported that 

this carotenoid improves insulin secretion and resistance while reducing hyperglycemia. The carotenoid also 

deploys protective repercussions over neuropathy, nephropathy, and retinopathy [56]. In an inflammatory state, 

macrophages were reported to bind with low-density lipoproteins (LDL) through scavenger receptors like SR-A, 

SR-B2 (CD36) and LOX-1. As a result, many pro-inflammatory mediators, including cytokines, NO, chemokines, 

cyclooxygenase-2 (COX-2), plus matrix metalloproteinases (MPPs), were produced. It is reported that 

supplementation with 10 µM of astaxanthin reduced SR-A and CD36 receptor expression. Consequently, pro-

inflammatory markers like interleukin (IL)-1β, IL-6, tumour necrosis factor-α (TNF-α), inducible nitric oxide 

synthase (iNOS), and COX-2 have been reported to reduce in concentration when astaxanthin was applied or 

ingested [57]. On the other hand, dry eye disease (DED) will usually lead to hyperosmolarity, causing pro-

inflammatory stress to the ocular surface epithelium. It is reported that astaxanthin has successfully lessened the 

expression of High-mobility group box 1 (HMGB1) and hindered the increment of TNF-α and IL-1β while 

promoting phospho-Akt (p-Akt) expression. The study suggested that astaxanthin could relieve the DED [58].  

 

3.4. Tocotrienol and Anti-Inflammatory Properties 

The role of tocotrienols as anti-inflammation in vitro includes inhibiting the proliferation of breast cancer cells. 

Besides, one recent study reveals that γ-tocotrienol is effective as a potent anti-osteoporosis agent due to its anti-

inflammatory properties. This is done by the action of γ-tocotrienol that elevates genes associated with 

osteoblastogenesis and regulates A20, an inhibitor of NF-kB, to prevent osteoclastogenesis in murine RAW264.7 

bone-marrow-derived macrophages. A combinational therapy with resveratrol, quercetin, and δ-tocotrienol 

demonstrates the inhibition of Nitric Oxide (NO) production and C-reactive protein (CRP) levels, a marker of 

systemic inflammation, resulting in improved efficacy in the prevention of age-related illnesses. Other than that, 

tocotrienols extracted from muscadine grape seed oil inhibit adipose inflammation in human adipocytes by lowering 

mRNA and protein expression of peroxisome proliferator-activated receptor (PPAR)γ and adaptor protein (AP)-2 

[59]. A mouse peritoneal macrophage study indicated that tocotrienols protected against NO and pro-

inflammatory cytokines better than a-tocopherol and a-tocopheryl [60]. Apart from that, the role of tocotrienols as 

anti-inflammatory in vivo includes the ability of tocotrienols to directly bind to antioxidant enzymes, enhancing 

their protective effect in silicon docking. In another study to prove the anti-inflammatory properties of tocotrienols, 

scientists administered 10mg of naturally occurring tocotrienol daily for 10 days in a group of Syrian hamsters 

before challenging them with compounds to induce massive free radicals plus oxidative stress that resembles acute 

localised and systemic inflammation. The scientists also revealed that when tocotrienols (10 mg/kg) were given 

orally for 10 days, plasma and lipoprotein lipids, cholesterol, Apo-B, small dense low-density lipoprotein (LDL), and 

LDL in hyperlipidemia-induced hamsters were all reduced [59, 60]. In rats, treatment with δ-tocotrienol and γ-

tocotrienol resulted in a considerable reduction in organ inflammation compared to treatment with α-tocopherol. In 

that work, obese Zucker rats and control lean Zucker rats aged 8 weeks were fed an enriched diet for 20 weeks, with 

either 1% or 5% water-soluble rice bran enzymatic extract high in polyphenols, tocotrienols, or γ-oryzanol, 

resulting in decreased obesity-related pro-inflammatory responses [61]. In hepatocellular cancer, tocotrienols 

combined with biodegradable epirubicin nanoparticles significantly reduced oxidative stress, inflammation, 

apoptosis, and angiogenesis (HCC) [62].  

 

3.5. Tocopherol and Anti-Inflammatory Properties 

Tocopherol supplementation has also been associated with reducing serum levels of pro-inflammatory 
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mediators, suggesting a specific role in inflammation related to renal and urologic affections. Most of the data 

regarding the action of tocopherol in Diabetic Kidney Disease (DKD) are available from pre-clinical studies, mainly 

confirming the effects of supplementation on reducing pro-inflammatory mediators and oxidation markers and 

improving clinical parameters of renal function and kidney histology [63, 64]. In fact, according to some 

observations, α-tocopherol seems to exert a more significant inhibitory activity on Protein Kinase-C (PKC) than β-

tocopherol, probably interacting with a peculiar enzyme isoform. This may be due to additional mechanisms 

portrayed by α-tocopherol, such as inhibiting the lipoxygenase pathway [64]. A study has applied alpha-tocopherol 

(α-TOH) in murine cardiac ischemia/reperfusion injury induced by ligation of the left anterior descending coronary 

artery for 60 min. α-TOH significantly reduced infarct size, restored cardiac function as measured by ejection 

fraction, fractional shortening, cardiac output, and stroke volume, and prevented pathological changes as assessed 

by state-of-the-art strain and strain-rate analysis. The expression of inflammatory and oxidative markers is down-

regulated by α-TOH, indicating its anti-inflammatory properties [65]. In another study, two treatments options, 

fish oil (FO) intravenous lipid emulsions (ILEs) and fish oil added with α-tocopherol, were used as a monotherapy to 

treat parenteral nutrition (PN)-associated liver disease and provide essential fatty acids (EFAs) needed to sustain 

growth and prevent EFA deficiency (EFAD). Adding α-tocopherol to FO improved the inflammatory response to 

endotoxin challenge compared with FO-ILE alone, suggesting that α-tocopherol is a potent anti-inflammatory 

compound [64-66]. Compared to tocotrienols, anti-inflammatory properties of tocopherol are not widely being 

discovered. Based on the facts mentioned earlier, the anti-inflammatory properties of astaxanthin, tocotrienols, and 

tocopherols should be considered when finding potential therapeutic agents in addressing the recent SARS-CoV-2 

outbreak. The ability of these anti-inflammatory compounds to reduce inflammation by downregulating the pro-

inflammatory markers should be considered significant in managing the inflammation caused by the SARS-CoV-2 

infection.  

 

3.6. Antioxidant Properties of the Studied Compound  

Antioxidants are chemical molecules that attach to free oxygen radicals and protect healthy cells from damage. 

Endogenous antioxidants are generated in the body, while exogenous antioxidants are obtained from nutrition 

(exogenous) [7]. They interact with free radicals and stop a chain reaction before damaging essential components. 

In biological terms, any substance that may slow or stop the action of oxidants is considered an antioxidant. 

Furthermore, antioxidants work together to neutralise reactive oxygen species (ROS) and reactive nitrogen species 

(RNS), reducing oxidative cell and tissue damage. Antioxidants are usually defined by their ability to donate 

hydrogen or electrons [67]. Antioxidants are classified as enzymatic or non-enzymatic. Enzymatic antioxidants 

such as superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) are produced endogenously in humans 

and defence against free radicals under normal circumstances. Antioxidants naturally occurring in an organism may 

help combat oxidative stress caused by various physiological processes [9]. However, enzymatic antioxidants are 

impaired in neutralising free radicals under severe illness conditions [68]. Hence, external dietary antioxidants are 

needed to bolster the human defence mechanism. Antioxidants that are non-enzymatic or have a low molecular 

weight affect the function of cellular redox equilibrium. Non-enzymatic antioxidants in nature include polyphenols, 

carotenoids, and vitamins found in fruits and vegetables [69]. Antioxidants have demonstrated beneficial qualities 

for humans. Antioxidants suppress the formation of free radicals both in vivo and in vitro. They also extend the 

shelf life of food and medications by minimising the damage caused by oxidative stress [9, 67, 68]. As an outcome, 

antioxidants are widely used in various industries, including the pharmaceutical, cosmetic, and food industries. 

Infectious diseases were no longer the dominant concern in industrialised countries throughout the last decade in 

the pharmaceutical industry. Instead, non-infectious diseases, such as cardiovascular disease and cancer, contributed 

to most illness and death cases. Excess free radicals in the body is a primary cause of relevant chronic disease [67-

69].  
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3.7. Fucoxanthin and its Antioxidant Properties 

Fucoxanthin is one of many carotenoids with antioxidant properties that can scavenge singlet molecular 

oxygen and peroxyl radicals [24-26]. Studies have shown that fucoxanthin can support a variety of critical 

biological activities and can also be used to treat various health issues. Several chronic medical conditions, including 

heart disease, type 2 diabetes and obesity, hypertension and osteoporosis, have been shown to benefit from 

fucoxanthin's antioxidant and scavenger properties for ROS, inflammation-related disorders, and its antibacterial 

carotenoid properties [26]. Fucoxanthin can effectively prevent oxidative damage in HepG2 cells induced by 

arachidonic acid (AA) and iron and reduce oxides and inflammation in the liver. Excessive AA induces extremely 

high cellular and mitochondrial ROS levels, adversely affecting promoting mitochondrial permeability transition. 

Pretreatment with fucoxanthin blocked the ability of AA and iron to induce harmful effects in HepG2. It induced a 

significant increase in the phosphorylation of ULK1 and AMPK and expression of the autophagy marker beclin-1 

[70].  

 

3.8. Beta carotene and it's Antioxidant Properties 

Previous studies have indicated that adherence to a diet with high antioxidant properties, especially with β-

Carotene, may reduce the risk of all-cause mortality [71, 72]. In one study, soy protein isolate (SPI)-Pleurotus 

eryngii polysaccharide (PEP) conjugate was prepared by Maillard reaction under controlled wet-heating conditions. 

β-Carotene was encapsulated in SPI-PEP conjugate-stabilized emulsion, and its gastrointestinal behaviour and 

antioxidant activity were assessed in vitro. Such improvement favoured β-carotene to relieve tert-butyl 

hydroperoxide-induced oxidative stress by decreasing reactive oxygen species production and enhancing 

antioxidant enzyme activities in Caco-2 cells. The study suggested that Maillard-type protein-polysaccharide 

conjugates-stabilised emulsions had a potential industry application for delivering fat-soluble nutrients [73]. 

Moreover, it has been suggested that there is a close relationship between the deficiency of vitamins and infectious 

diseases such as tuberculosis, AIDS, and CoV-2 SARS, and infectious diseases spread through the respiratory and 

digestive systems [74]. Antioxidant properties of β-Carotene were not widely reported, and further studies related 

to this compound must be further evaluated.  

It could be noted that the antioxidant properties of fucoxanthin and beta-carotene have allowed scientists and 

researchers around the globe to study more about these compounds. With previous experiments that have been 

done before, the antioxidant properties of these compounds shall be evaluated further in terms of their ability to be 

utilised as cancer immunotherapies.  

 

3.9. Healthy Community 

A healthy community is one in which local groups from all parts of the community work together to prevent 

disease and make healthy living options accessible. Working at the community level to promote healthy living 

brings tremendous health benefits to the most significant number of people. It also helps reduce health gaps caused 

by differences in income, education, race and ethnicity, location, and other health factors [1]. A healthy community 

is one in which multiple sectors collaborate to improve the conditions that influence human health and well-being. 

Well-being refers to the presence of the highest possible quality of life, including good living standards, robust 

health, a sustainable environment, vital communities, an educated populace, balanced time use, high levels of 

democratic participation, and access to and participation in leisure and culture [1, 2, 75]. SARS-CoV-2 and cancer 

diseases are two leading death causes worldwide. Finding ways to manage these diseases could lead to a healthy 

community, as one of the success criteria is resolving health disasters quickly [2].  

 

3.10. Fucoxanthin and Beta-Carotene in Achieving a Healthy Community 

Consuming proper nutrition and supplementation rich in antioxidant and anti-inflammatory properties could 
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help the community achieve a healthy community [76]. VA (retinol) is essential for the general health of humans. 

The essential pro-vitamin A carotenoid is β-carotene, present in carrots and yellow and green leafy vegetables. 

Carotenoids, including α- and β-carotene and α-tocopherol, are detected in the human dermis and epidermis. The 

presence of carotenoids in the skin protects against damage caused by the photooxidative processes. Carotenoids 

and other antioxidants can eliminate reactive oxygen species and absorb UV light through dietary supplements and 

topical applications [76, 77]. Table 1 indicates the various application of beta-carotene supplementation. 

 

Table 1. Various applications of beta-carotene supplementation. 

Strains  Subject used  Results  References 

 
 
 
 
 
 
 
 
D. salina 

Male and female Drosophila 
melanogaster  

D. salina extracts usage has enhanced 
the median lifespans of the subject used 
due to the improvement of 

mitochondrial by the 9-cis-β- carotene. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Wang, et al. 
[77] 

Adult male albino Wistar rats 
D. salina extracts have preserved the 
rats studied against TAA-induced 
hepatic fibrosis. 

Wistar rats 

Carotenoid extracts from D. salina have 
exhibited better antioxidant activity 
than synthetic carotene in rat liver 
homogenates. 

 
 
 
S. platensis  

Cows 

The supplementation of 5% spray-dried 

S. platensis containing β-carotene has 
enhanced the milk contents in the cows 
compared to the control group. 

 
 
 
B. braunii 

Male Wistar rats  

The study suggested that β- carotene 
extracts from the strains show 
antioxidant activity by reducing the 
free and hydroxyl-radicals while 
preventing lipid peroxidation. 

 
 
 
S. platensis, B. braunii and H. 
pluvialis 

 
 
 

Male Wistar rats 

Rats supplemented by the 
supplementation have higher 
antioxidant enzymes in the blood and 
liver when compared with the 
controls.  

 

 

In animal studies, no toxicity of fucoxanthin was observed. Food and Drug Administration allowed fucoxanthin 

extracted from the alga, Phaeodactylum tricornutum, as a new dietary ingredient consumed at 3 mg daily with no 

time limit or 5 mg fucoxanthin for up to 90 days [26]. Figure 3 illustrates the health benefits of fucoxanthin in 

achieving a healthy community.  

 

 
Figure 1. Health benefits of fucoxanthin. 

 



Journal of Asian Scientific Research, 2023, 13(2): 74-93 

 

 
85 

© 2023 AESS Publications. All Rights Reserved. 

3.11. Astaxanthin, Tocopherol and Tocotrienols in Achieving a Healthy Community 

Astaxanthin (AX) has been consumed for approximately twenty years as a nutritional supplement. The primary 

source has been a natural plant-based supplement from the single-cell alga Haematococcus pluvialis (NAT-AX). 

Recently, astaxanthin from other sources has entered the marketplace. The primary alternative source in the human 

nutritional supplement market has been a synthetic form of astaxanthin produced from petrochemicals (SYN-AX). 

Additionally, a minimal amount of astaxanthin from a genetically-manipulated yeast Xanthophyllomyces 

dendrorhous (former nomenclature Phaffia rhodozyma, still commonly referred to as "Phaffia") (PH-AX) is also 

available in some supplement products. NAT-AX demonstrated 14X to 90X more significant antioxidant activity 

than SYN-AX in head-to-head antioxidant experiments. In numerous animal trials in diverse species, NAT-AX in 

esterified form has demonstrated superior efficacy in increasing lifespan; treating skin cancer; preventing the 

formation of gastric ulcers; improving stress resistance; decreasing reactive oxygen species (ROS); increasing 

retinol conversion in the liver; augmenting enzyme levels; increasing growth rates; and improving exercise 

endurance [12, 13, 78]. Many studies have also been carried out in groups of patients with different diseases, such 

as in diabetics at a dose of 3mg/kg under treatment for sixty days [25], patients with hyperlipidemia, and aortic 

stenosis at doses of 240mg/day for two years [26], with no reports of adverse effects. Patients with more severe 

conditions, such as diabetic nephropathy [27], evaluated tocotrienols' activity in type 2 diabetic patients with renal 

impairment. This study treated patients with two daily doses of 200mg of tocotrienols for eight weeks. According 

to the authors, 400mg is the maximum approved by the Food and Drug Administration (FDA). There were no 

reports of side effects or changes in plasma biochemistry parameters among the results acquired. The anti-

inflammatory activity of T3 has also been proposed to protect against neurodegenerative diseases, including 

Alzheimer's disease (AD) and alcohol-induced cognitive impairment in rats. Suppression of inflammation is also 

among the mechanisms by which T3 can neutralise the ability of cancer cells to proliferate, metastasise, escape 

apoptotic signals, and develop chemoresistance. Finally, low intake and serum levels of tocopherols and tocotrienols 

have been associated with age-related pathologies, including osteoporosis, sarcopenia, and cognitive impairment 

[78-80]. Intestinal failure-associated liver disease (IFALD) is a risk of parenteral nutrition (PN)-dependence. This 

study suggests a hepatoprotective role for α-tocopherol in liver injury induced by the enteral administration of a 

parenteral nutrition solution. Phytosterols do not appear to compromise the hepatoprotective effects of fish oil 

[46].  

 

3.12. Cancer Immunotherapies  

Cancer immunotherapy is a type of cancer treatment related to the modulation of the immune system to 

eradicate cancer cells. Thus, it provides better protection to the host body from the cancer cells' activity with the 

help of immune agents like vaccines, cytokines and others [81]. It stimulates the host's anti-cancer reaction by 

elevating the number of effector cells and forming soluble mediators that allow tumour-killing conditions [82]. The 

effectors recognise and kill the malignant cells while guarding the host. It also helps to develop immunological 

memory through an adaptive immune system whereby the immune system can remember pathogens encountered 

before [83]. 

Meanwhile, soluble mediators are involved in immunogenic cell death by stimulating immune system 

components and inducing an immune response [84]. There are two main types of cancer immunotherapies: passive 

and active. Passive immunotherapy does not depend on the body's natural immune system to target and kill cancer 

cells. Still, it utilises immune system components like antibodies produced in a laboratory to identify tumour 

antigens [85]. In contrast, active immunotherapy stimulates and boosts the immune system to fight against cancer 

cells. It involves the induction of the host defences towards certain antigens. It can be divided into specific and non-

specific. Specific immunotherapies stimulate the immune response against particular tumour cells, while non-specific 

immunotherapies comprise cytokines and immune adjuvants that enhance the overall host immune system [86]. 
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Previously, cancer immunotherapies were a worry due to their highly toxic properties, low to negligible efficacy, or 

both. However, there has been some advancement in the immunology of cancer that significantly affects people 

nowadays [86]. On the other hand, passive cancer treatments are applied to cancer patients with weak, no or low 

response levels of the immune system [87, 88]. Figure 4 indicates the differences between active and passive 

immunotherapy [89].  

 

 
Figure 2. Active and passive immunotherapy. 

 

3.13. Potential of the Studied Compounds as Cancer Immunotherapies 

It was estimated that 30% to 90% of cancer patients took some form of supplements and micronutrients to 

support immunity and reduce treatment side effects upon being diagnosed with cancer. Patients with micronutrient 

deficiencies are prone to various infections and even body dysfunctions due to weakened immune responses to 

pathogens such as viruses like SARS-CoV-2, which causes COVID-19 [90, 91]. With a better understanding of the 

dynamic interactions between our immune system and cancer development, nutritional immunology—the use of 

natural compounds as immunomodulators in cancer patients—has begun to emerge [91].  

Table 2 summarises the potential of the studied compounds as cancer immunotherapies. 

 

Table 2. The potential of studied compounds as cancer immunotherapies. 

Compounds Findings References 

Astaxanthin Numerous cancer-preventive and therapeutic compounds have recently 
been extracted from edible marine organisms. Astaxanthin, a xanthophyll 
red-coloured carotenoid, displayed different biological activities, including 
anti-inflammatory, antioxidant, proapoptotic, and anti-cancer effects. It 
can induce apoptosis by downregulating antiapoptotic protein (Bcl-2, p-
Bad, and survivin) expression and upregulating proapoptotic ones 
(Bax/Bad and PARP). These mechanisms can exert anti-cancer effects on 
colorectal cancer, melanoma, or gastric carcinoma cell lines. Moreover, it 
possesses antiproliferative activity in many experimental models and 
enhances the effectiveness of conventional chemotherapic drugs on 
tumour cells, underling its potential future use. 

Dyshlovoy [92] 
and Faraone, et al. 

[93] 

Tocotrienols Apoptosis is a critical process used as an innate defence mechanism 
against cancer initiation. Several in vitro and in vivo experiments have 
confirmed natural molecules' apoptosis-inducing potential. Tocotrienols 
are among several natural compounds with effective antitumor activity 
via apoptosis-inducing pathways. Increasing lines of evidence have 
ascertained that the anti-cancer activity of T3 was primarily mediated by 

inhibiting two essential transcription factors, NF-κB and STAT3 and 
their regulated gene products. For example, T3 was shown to inhibit the 

tumour necrosis factor-alpha (TNF-α)-induced NF-κB activation, which 
resulted in the downregulation of its related gene products that are 
involved in cell survival, including inhibitors of apoptosis proteins (IAP)-

1, −2, B-cell lymphoma 2 (Bcl-2), B-cell lymphoma-extra large (Bcl-xL), 

Hayes [81]; 
Stanculeanu, et al. 
[82]; Aggarwal, 
et al. [94] and 

Constantinou, et 
al. [95] 
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Compounds Findings References 

cellular FLICE-like inhibitory protein (cFLIP), X-linked inhibitor of 
apoptosis (XIAP), survivin etc. Moreover, T3 inhibited Src kinase, Janus 
kinase (JAK) 1, and JAK2, which are the regulators of STAT3, thus 
eventually downregulating STAT3. 

Tocopherols Vitamin E is a potential candidate due to its safety. Accumulating 
evidence on the anti-cancer potency of vitamin E has shifted the focus 

from tocopherols (TOCs) to tocotrienols (TTs). γ-TT and δ-TT have the 
highest anti-cancer activities and target common molecular pathways 
involved in inhibiting the cell cycle, the induction of apoptosis and 
autophagy, and inhibiting invasion, metastasis, and angiogenesis. 

de Camargo, et al. 
[16]; Absalome, 
et al. [17] and 

Constantinou, et 
al. [95] 

Fucoxanthin PI3K/AKT/NF-κB is a classic signal transduction pathway in cells. The 

activation of PI3K/AKT/NF-κB signalling pathway can promote the 
expression of EMT-related transcription factors, such as Snail and Twist, 
which contributes to lung cancer proliferation and metastasis. Using 
western blotting, the work tested the effect of FX on the PI3K/AKT/NF-

κB signalling pathway in human lung cancer cells. The results 

demonstrated that the expressions of PI3K, p-AKT and NF-κB p65 were 
significantly decreased to 73.77%, 47.26% and 76.56%, respectively, in 
A549 cells, 17.26%, 26.37% and 25.6% in H1299 cells, 47.86%, 67% and 
45.48% in H446 cells after FX treatment for 48 h. FX can inhibit 

PI3K/AKT/NF-κB signalling pathway in human lung cancer cells. 

Ming, et al. [96] 

Beta-carotene Several years ago, some researchers conducted in vitro experiments using 
beta-carotene and gastric cancer cells, indicating that beta-carotene 
mainly fights gastric cancer cells through apoptosis, cell signal 
transduction and oxidative stress. 

Chen, et al. [97] 

 

4. CONCLUSION 

All in all, the current work has discovered astaxanthin, tocotrienols and tocopherol's anti-inflammatory 

properties and antioxidant properties of beta-carotene and fucoxanthin. It could be noted that natural astaxanthin 

extracted mainly from H. pluvialis, tocopherols, and tocotrienols extracted from palm oil have the potential to treat 

inflammation by reducing or downregulating pro-inflammatory markers. The ability to downregulate the pro-

inflammatory markers has made these compounds potential candidates to be utilised as therapeutic agents for 

SARS-CoV-2 infection. When SARS-CoV-2 infects humans, it is reported that several pro-inflammatory markers, 

including IL-1, IL-6, IL-12, and TNFα, will be upregulated. It is believed that when these compounds were applied 

to SARS-CoV-2 infected cells, the upregulated pro-inflammatory markers would be downregulated, thus alleviating 

the inflammation. Nevertheless, more studies on the potential of these compounds to reduce the inflammation 

caused by SARS-CoV-2 should be conducted. Also, the potential combination of these compounds should be further 

evaluated. Apart from that, the antioxidant properties of fucoxanthin, mainly extracted from P. tricornutum and 

beta-carotene from D. salina, have been proven to treat several medical complications, including hypertension, 

obesity, type-2 diabetes, osteoporosis, and heart disease. Fucoxanthin and beta-carotene's ability to mitigate chronic 

diseases align with achieving a healthy community. On the other note, the studied compounds have a growing 

potential to be utilised as cancer immunotherapies as these compounds have been proven to exert anti-cancer 

properties, as described in previous studies. The studied anti-inflammatory compounds could manage the 

inflammation caused by SARS-CoV-2 infection, while the antioxidant compounds could treat chronic diseases. Also, 

all the studied compounds could be utilised as cancer immunotherapies. Using these compounds as potential 

therapeutic agents and supplementations could lead to the successful implementation of the health community 

concept.   

 

ABBREVIATIONS 

AA: Arachidonic Acid; ACE-2: Angiotensin II; AD: Alzhemeir's Disease; AIDS: Acquired Immunodeficiency 

Syndrome; ARD: Acute Respiratory Distress ; CAT: Catalase; COX: Cyclo-oxygenase; CRP: C-reactive protein; 
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CVD: Cardiovascular Disease; cyPGs: Cyclopentenone Prostaglandins; DED: Dry Eye Disease; DKD: Diabetic 

Kidney Disease; DNA: Deoxyribonucleic Acid; EFAs: Essent Fatty Acids; FDA: Food and Drug administration; 

FO: Fish Oil; GPx: Glutathione Enzymes ; GR: Glutathione Reductase; HCC: Hepatocelullar Carcinoma; HDL: 

High-density Lipoprotein; HMGB1 : High-mobility Group Box 1 (HMGB1); IFALD: Intestinal Failure-Associated 

Liver Disease; IFN: Interferons; II: Intravenous immunoglobulin; IL : Interleukin; ILEs: Lipid Emulsions; iNOS: 

Inducible Nitric Oxide Synthase; LDL: Low-density Lipoprotein; LOX: Lipoxygenase; LPO : Lipid Peroxidation; 

LTs: LOX Synthesises Leukotrienes; MCTs: Medium-chain Triglycerides; MPPs: Matrix Metalloproteinases; 

NAT-AX: Natural Astaxanthin; NO: Nitric Oxide; PGs: Prostaglandins; PH-AX: Phaffia Astaxanthin; PKC: 

Protein Kinase-C; PLA2: Phospholipase A2; PMNs: Polymorphonuclear Neutrophils; PN: Parenteral Nutritions; 

PPAR: Proliferator-activated Receptor; RNS: Reactive Nitrogen Species; ROS: Reactive Oxygen Species; RRR: 

Natural Source; SARS: Severe Acute Respiratory Syndrome; SOD: Superoxide Dismutase; SPI: Soy Protein Isolate; 

SYN-AX: Synthetic Astaxanthin; TGF-β: Transforming Growth Factor-β; TXA2: Thromboxane A2; VA: Vitamin 

A; VE: Vitamin E; WHO: World Health Organization; α-TOH: alpha-tocopherol. 

 

Funding: This research is supported by Geran Instentif Penyeliaan, from the Research Management Centre, 
Universiti Teknologi MARA, Shah Alam, Malaysia (Grant number: 600-RMC/GIP 5/3 (046/2022)). 
Competing Interests: The authors declare that they have no competing interests.  
Authors’ Contributions: All authors contributed equally to the conception and design of the study. 

 

REFERENCES 

[1] Centers for Disease Control and Prevention, "A healthy community is a prepared community | blogs | CDC," 

Retrieved: https://blogs.cdc.gov/publichealthmatters/2015/09/a-healthy-community-is-a-prepared-community/. 

2020.  

[2] BC Healthy Communities Society, "What is a healthy community? | PlanH. PlanH," Retrieved: https://planh.ca/big-

picture/what-healthy-community. 2022.  

[3] A. B. Kunnumakkara et al., "COVID-19, cytokines, inflammation, and spices: How are they related?," Life Sciences, vol. 

284, p. 119201, 2021.  https://doi.org/10.1016/j.lfs.2021.119201 

[4] B. Tang, N. L. Bragazzi, Q. Li, S. Tang, Y. Xiao, and J. Wu, "An updated estimation of the risk of transmission of the 

novel coronavirus (2019-nCov)," Infectious Disease Modelling, vol. 5, pp. 248-255, 2020.  

https://doi.org/10.1016/j.idm.2020.02.001 

[5] R. Caccialanza et al., "Early nutritional supplementation in non-critically ill patients hospitalized for the 2019 novel 

coronavirus disease (COVID-19): Rationale and feasibility of a shared pragmatic protocol," Nutrition, vol. 74, p. 

110835, 2020.  https://doi.org/10.1016/j.nut.2020.110835 

[6] M. Ralli et al., "Immunotherapy in the treatment of metastatic melanoma: Current knowledge and future directions," 

Journal of Immunology Research, vol. 2020, p. 9235638, 2020.  https://doi.org/10.1155/2020/9235638 

[7] E. M. Atta, N. H. Mohamed, and A. A. A. Silaev, "Antioxidants: An overview on the natural and synthetic types," 

European Chemical Bulletin, vol. 6, no. 8, pp. 365-375, 2017.  

[8] J. P. Vago, F. A. Amaral, and F. A. van de Loo, "Resolving inflammation by TAM receptor activation," Pharmacology & 

Therapeutics, vol. 227, p. 107893, 2021.  https://doi.org/10.1016/j.pharmthera.2021.107893 

[9] R. Sarangarajan, S. Meera, R. Rukkumani, P. Sankar, and G. Anuradha, "Antioxidants: Friend or foe?," Asian Pacific 

Journal of Tropical Medicine, vol. 10, no. 12, pp. 1111-1116, 2017.  https://doi.org/10.1016/j.apjtm.2017.10.017 

[10] P. Patrignani, S. Tacconelli, A. Bruno, C. Sostres, and A. Lanas, "Managing the adverse effects of nonsteroidal anti-

inflammatory drugs," Expert Review of Clinical Pharmacology, vol. 4, no. 5, pp. 605-621, 2011.  

https://doi.org/10.1586/ecp.11.36 

[11] M. C. Van Der Goes, J. W. Jacobs, and J. W. Bijlsma, "The value of glucocorticoid co-therapy in different rheumatic 

diseases-positive and adverse effects," Arthritis Research & Therapy, vol. 16, no. 2, pp. 1-13, 2014.  

https://blogs.cdc.gov/publichealthmatters/2015/09/a-healthy-community-is-a-prepared-community/
https://planh.ca/big-picture/what-healthy-community
https://planh.ca/big-picture/what-healthy-community
https://doi.org/10.1016/j.lfs.2021.119201
https://doi.org/10.1016/j.idm.2020.02.001
https://doi.org/10.1016/j.nut.2020.110835
https://doi.org/10.1155/2020/9235638
https://doi.org/10.1016/j.pharmthera.2021.107893
https://doi.org/10.1016/j.apjtm.2017.10.017
https://doi.org/10.1586/ecp.11.36


Journal of Asian Scientific Research, 2023, 13(2): 74-93 

 

 
89 

© 2023 AESS Publications. All Rights Reserved. 

[12] S. Fakhri, Z. Nouri, S. Z. Moradi, and M. H. Farzaei, "Astaxanthin, COVID‐19 and immune response: Focus on 

oxidative stress, apoptosis and autophagy," Phytotherapy Research, vol. 34, no. 11, p. 2790, 2020.  

https://doi.org/10.1002%2Fptr.6797 

[13] M. Zuluaga, V. Gueguen, D. Letourneur, and G. Pavon-Djavid, "Astaxanthin-antioxidant impact on excessive reactive 

oxygen species generation induced by ischemia and reperfusion injury," Chemico-Biological Interactions, vol. 279, pp. 

145-158, 2018.  https://doi.org/10.1016/j.cbi.2017.11.012 

[14] S. C. Silva, I. C. Ferreira, M. M. Dias, and M. F. Barreiro, "Microalgae-derived pigments: A 10-year bibliometric 

review and industry and market trend analysis," Molecules, vol. 25, no. 15, p. 3406, 2020.  

https://doi.org/10.3390/molecules25153406 

[15] K. M. Ranard and J. W. Erdman Jr, "Effects of dietary RRR α-tocopherol vs all-racemic α-tocopherol on health 

outcomes," Nutrition Reviews, vol. 76, no. 3, pp. 141-153, 2018.  https://doi.org/10.1093/nutrit/nux067 

[16] A. C. de Camargo, M. Franchin, and F. Shahidi, "Tocopherols and tocotrienols: Sources, analytical methods, and effects 

in food and biological systems," Reference Module in Food Science, pp. 561-570, 2018.  https://doi.org/10.1016/B978-0-

08-100596-5.22358-5 

[17] M. A. Absalome et al., "Biochemical properties, nutritional values, health benefits and sustainability of palm oil," 

Biochimie, vol. 178, pp. 81-95, 2020.  https://doi.org/10.1016/j.biochi.2020.09.019 

[18] C. S. Yang, P. Luo, Z. Zeng, H. Wang, M. Malafa, and N. Suh, "Vitamin E and cancer prevention: Studies with 

different forms of tocopherols and tocotrienols," Molecular Carcinogenesis, vol. 59, no. 4, pp. 365-389, 2020.  

https://doi.org/10.1002/mc.23160 

[19] L. Mureșan, D. Clapa, T. Rusu, T. T. Wang, and J. B. Park, "Soybean callus—A potential source of tocopherols," 

Plants, vol. 10, no. 12, p. 2571, 2021.  https://doi.org/10.3390/plants10122571 

[20] S. K. Wong, K.-Y. Chin, F. H. Suhaimi, F. Ahmad, and S. Ima-Nirwana, "The effects of palm tocotrienol on metabolic 

syndrome and bone loss in male rats induced by high-carbohydrate high-fat diet," Journal of Functional Foods, vol. 44, 

pp. 246-254, 2018.  https://doi.org/10.1016/j.jff.2018.03.022 

[21] H. Ahsan, A. Ahad, J. Iqbal, and W. A. Siddiqui, "Pharmacological potential of tocotrienols: A review," Nutrition & 

Metabolism, vol. 11, pp. 1-22, 2014.  https://doi.org/10.1186/1743-7075-11-52 

[22] H. Y. Peh, W. D. Tan, W. Liao, and W. F. Wong, "Vitamin E therapy beyond cancer: Tocopherol versus tocotrienol," 

Pharmacology & Therapeutics, vol. 162, pp. 152-169, 2016.  https://doi.org/10.1016/j.pharmthera.2015.12.003 

[23] W. Stonehouse, G. D. Brinkworth, C. H. Thompson, and M. Y. Abeywardena, "Short term effects of palm-tocotrienol 

and palm-carotenes on vascular function and cardiovascular disease risk: A randomised controlled trial," Atherosclerosis, 

vol. 254, pp. 205-214, 2016.  https://doi.org/10.1016/j.atherosclerosis.2016.10.027 

[24] M. Liu, W. Li, Y. Chen, X. Wan, and J. Wang, "Fucoxanthin: A promising compound for human inflammation-related 

diseases," Life Sciences, vol. 255, p. 117850, 2020.  https://doi.org/10.1016/j.lfs.2020.117850 

[25] S. M. Kim et al., "A potential commercial source of fucoxanthin extracted from the microalga Phaeodactylum 

tricornutum," Applied Biochemistry and Biotechnology, vol. 166, pp. 1843-1855, 2012.  

[26] M. Bae, M.-B. Kim, Y.-K. Park, and J.-Y. Lee, "Health benefits of fucoxanthin in the prevention of chronic diseases," 

Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology of Lipids, vol. 1865, no. 11, p. 158618, 2020.  

https://doi.org/10.1016/j.bbalip.2020.158618 

[27] A. Rodríguez-Luna et al., "Fucoxanthin-containing cream prevents epidermal hyperplasia and UVB-induced skin 

erythema in mice," Marine Drugs, vol. 16, no. 10, p. 378, 2018.  https://doi.org/10.1016/j.bbalip.2020.158618 

[28] S. Abu-Ghosh, Z. Dubinsky, V. Verdelho, and D. Iluz, "Unconventional high-value products from microalgae: A 

review," Bioresource Technology, vol. 329, p. 124895, 2021.  https://doi.org/10.1016/j.biortech.2021.124895 

[29] S. Pourkarimi, A. Hallajisani, A. Alizadehdakhel, A. Nouralishahi, and A. Golzary, "Factors affecting production of 

beta-carotene from Dunaliella salina microalgae," Biocatalysis and Agricultural Biotechnology, vol. 29, p. 101771, 2020.  

https://doi.org/10.1016/j.bcab.2020.101771 

https://doi.org/10.1002%2Fptr.6797
https://doi.org/10.1016/j.cbi.2017.11.012
https://doi.org/10.3390/molecules25153406
https://doi.org/10.1093/nutrit/nux067
https://doi.org/10.1016/B978-0-08-100596-5.22358-5
https://doi.org/10.1016/B978-0-08-100596-5.22358-5
https://doi.org/10.1016/j.biochi.2020.09.019
https://doi.org/10.1002/mc.23160
https://doi.org/10.3390/plants10122571
https://doi.org/10.1016/j.jff.2018.03.022
https://doi.org/10.1186/1743-7075-11-52
https://doi.org/10.1016/j.pharmthera.2015.12.003
https://doi.org/10.1016/j.atherosclerosis.2016.10.027
https://doi.org/10.1016/j.lfs.2020.117850
https://doi.org/10.1016/j.bbalip.2020.158618
https://doi.org/10.1016/j.bbalip.2020.158618
https://doi.org/10.1016/j.biortech.2021.124895
https://doi.org/10.1016/j.bcab.2020.101771


Journal of Asian Scientific Research, 2023, 13(2): 74-93 

 

 
90 

© 2023 AESS Publications. All Rights Reserved. 

[30] L. Wang, Z. Liu, H. Jiang, and X. Mao, "Biotechnology advances in β-carotene production by microorganisms," Trends 

in Food Science & Technology, vol. 111, pp. 322-332, 2021.  https://doi.org/10.1016/j.tifs.2021.02.077 

[31] S. Ghosh et al., "Beta-carotene retention as retinol activity equivalent at different cooking and storage variants," 

International Food Research Journal, vol. 26, no. 1, pp. 355-361, 2019.  

[32] T. Marino et al., "Natural beta-carotene: A microalgae derivate for nutraceutical applications," Chemical Engineering 

Transactions, vol. 79, pp. 103-108, 2020.  

[33] D.-G. Ahn et al., "Current status of epidemiology, diagnosis, therapeutics, and vaccines for novel coronavirus disease 

2019 (COVID-19," Journal of Microbiology and Biotechnology, vol. 30, no. 3, pp. 313-324, 2020.  

https://doi.org/10.4014/jmb.2003.03011 

[34] A. C. Carr and S. Maggini, "Vitamin C and immune function," Nutrients, vol. 9, no. 11, p. 1211, 2017.  

https://doi.org/10.3390/nu9111211 

[35] J. Beltrán-García et al., "Oxidative stress and inflammation in COVID-19-associated sepsis: The potential role of anti-

oxidant therapy in avoiding disease progression," Antioxidants, vol. 9, no. 10, p. 936, 2020.  

https://doi.org/10.3390/antiox9100936 

[36] B. Karkhanei, E. T. Ghane, and F. Mehri, "Evaluation of oxidative stress level: Total antioxidant capacity, total 

oxidant status and glutathione activity in patients with COVID-19," New Microbes and New Infections, vol. 42, p. 

100897, 2021.  https://doi.org/10.1016/j.nmni.2021.100897 

[37] L. a. Alanagreh, F. Alzoughool, and M. Atoum, "The human coronavirus disease COVID-19: Its origin, characteristics, 

and insights into potential drugs and its mechanisms," Pathogens, vol. 9, no. 5, p. 331, 2020.  

https://doi.org/10.1016/j.nmni.2021.100897 

[38] A. Y.-K. Thye, K.-Y. Loo, K. B. C. Tan, J. M.-S. Lau, and V. Letchumanan, "Insights into COVID-19 Delta variant (B. 

1.617. 2)," Progress In Microbes & Molecular Biology, vol. 4, no. 1, pp. 1-10, 2021.  

https://doi.org/10.36877/pmmb.a0000243 

[39] A. G. Harrison, T. Lin, and P. Wang, "Mechanisms of SARS-CoV-2 transmission and pathogenesis," Trends in 

Immunology, vol. 41, no. 12, pp. 1100-1115, 2020.  https://doi.org/10.1016/j.it.2020.10.004 

[40] C. D. Raj, D. K. Kandaswamy, R. C. S. R. Danduga, R. Rajasabapathy, and R. A. James, "COVID-19: Molecular 

pathophysiology, genetic evolution and prospective therapeutics—a review," Archives of Microbiology, vol. 203, pp. 

2043-2057, 2021.  https://doi.org/10.1007/s00203-021-02183-z 

[41] R. H. Manjili, M. Zarei, M. Habibi, and M. H. Manjili, "COVID-19 as an acute inflammatory disease," The Journal of 

Immunology, vol. 205, no. 1, pp. 12-19, 2020.  https://doi.org/10.4049/jimmunol.2000413 

[42] A. Vitiello and F. Ferrara, "Colchicine and SARS-CoV-2: Management of the hyperinflammatory state," Respiratory 

Medicine, vol. 178, p. 106322, 2021.  https://doi.org/10.1016/j.rmed.2021.106322 

[43] L. Yang, X. Xie, Z. Tu, J. Fu, D. Xu, and Y. Zhou, "The signal pathways and treatment of cytokine storm in COVID-

19," Signal Transduction and Targeted Therapy, vol. 6, no. 1, pp. 1-20, 2021.  

[44] Q. Huang, X. Wu, X. Zheng, S. Luo, S. Xu, and J. Weng, "Targeting inflammation and cytokine storm in COVID-19," 

Pharmacological Research, vol. 159, p. 105051, 2020.  https://doi.org/10.1016/j.phrs.2020.105051 

[45] M. Soy, G. Keser, P. Atagündüz, F. Tabak, I. Atagündüz, and S. Kayhan, "Cytokine storm in COVID-19: Pathogenesis 

and overview of anti-inflammatory agents used in treatment," Clinical Rheumatology, vol. 39, no. 7, pp. 2085-2094, 2020.  

https://doi.org/10.1016/j.phrs.2020.105051 

[46] World Health Organization, "Cancer. WHO," Retrieved: https://www.who.int/news-room/fact-sheets/detail/cancer. 

2021.  

[47] National Human Genome Research Institute, "Oncogene," Retrieved: https://www.genome.gov/genetics-

glossary/Oncogene. 2016.  

[48] Z. Abbas and S. Rehman, "An overview of cancer treatment modalities," Neoplasm, vol. 1, pp. 139-157, 2018.  

https://doi.org/10.5772/intechopen.76558 

https://doi.org/10.1016/j.tifs.2021.02.077
https://doi.org/10.4014/jmb.2003.03011
https://doi.org/10.3390/nu9111211
https://doi.org/10.3390/antiox9100936
https://doi.org/10.1016/j.nmni.2021.100897
https://doi.org/10.1016/j.nmni.2021.100897
https://doi.org/10.36877/pmmb.a0000243
https://doi.org/10.1016/j.it.2020.10.004
https://doi.org/10.1007/s00203-021-02183-z
https://doi.org/10.4049/jimmunol.2000413
https://doi.org/10.1016/j.rmed.2021.106322
https://doi.org/10.1016/j.phrs.2020.105051
https://doi.org/10.1016/j.phrs.2020.105051
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.genome.gov/genetics-glossary/Oncogene
https://www.genome.gov/genetics-glossary/Oncogene
https://doi.org/10.5772/intechopen.76558


Journal of Asian Scientific Research, 2023, 13(2): 74-93 

 

 
91 

© 2023 AESS Publications. All Rights Reserved. 

[49] D. T. Debela et al., "New approaches and procedures for cancer treatment: Current perspectives," SAGE Open Medicine, 

vol. 9, p. 20503121211034366, 2021.  https://doi.org/10.3390/md19100558 

[50] G. P. Khumalo, B. E. Van Wyk, Y. Feng, and I. E. Cock, "A review of the traditional use of Southern African medicinal 

plants for the treatment of inflammation and inflammatory pain," Journal of Ethnopharmacology, vol. 283, p. 114436, 

2022.  https://doi.org/10.1016/j.jep.2021.114436 

[51] K. Megha, X. Joseph, V. Akhil, and P. Mohanan, "Cascade of immune mechanism and consequences of inflammatory 

disorders," Phytomedicine, vol. 91, p. 153712, 2021.  https://doi.org/10.1016/j.phymed.2021.153712 

[52] E. R. Bentley and S. R. Little, "Local delivery strategies to restore immune homeostasis in the context of 

inflammation," Advanced Drug Delivery Reviews, vol. 178, p. 113971, 2021.  https://doi.org/10.1016/j.addr.2021.113971 

[53] J. G. LeBlanc, R. Levit, G. Savoy de Giori, and A. de Moreno de LeBlanc, "Application of vitamin-producing lactic acid 

bacteria to treat intestinal inflammatory diseases," Applied Microbiology and Biotechnology, vol. 104, pp. 3331-3337, 2020.  

[54] R. Bai et al., "Discovery of natural anti-inflammatory alkaloids: Potential leads for the drug discovery for the treatment 

of inflammation," European Journal of Medicinal Chemistry, vol. 213, p. 113165, 2021.  

https://doi.org/10.1016/j.ejmech.2021.113165 

[55] G. Morris et al., "The cytokine storms of COVID-19, H1N1 influenza, CRS and MAS compared. Can one sized 

treatment fit all?," Cytokine, vol. 144, p. 155593, 2021.  https://doi.org/10.1016/j.cyto.2021.155593 

[56] R. Landon, V. Gueguen, H. Petite, D. Letourneur, G. Pavon-Djavid, and F. Anagnostou, "Impact of astaxanthin on 

diabetes pathogenesis and chronic complications," Marine Drugs, vol. 18, no. 7, p. 357, 2020.  

https://doi.org/10.3390/md18070357 

[57] C. P. M. Pereira, A. C. R. Souza, A. R. Vasconcelos, and P. S. Prado, "Antioxidant and anti‑inflammatory mechanisms 

of action of astaxanthin in cardiovascular diseases," International Journal of Molecular Medicine, vol. 47, no. 1, pp. 37-48, 

2021.  https://doi.org/10.3892/ijmm.2020.4783 

[58] H. Li, J. Li, C. Hou, J. Li, H. Peng, and Q. Wang, "The effect of astaxanthin on inflammation in hyperosmolarity of 

experimental dry eye model in vitro and in vivo," Experimental Eye Research, vol. 197, p. 108113, 2020.  

https://doi.org/10.1016/j.exer.2020.108113 

[59] L. Zhao, Y. Yagiz, C. Xu, J. Lu, S. Chung, and M. R. Marshall, "Muscadine grape seed oil as a novel source of 

tocotrienols to reduce adipogenesis and adipocyte inflammation," Food & Function, vol. 6, no. 7, pp. 2293-2302, 2015.  

https://doi.org/10.1039/C5FO00261C 

[60] M. M. Kanchi, M. K. Shanmugam, G. Rane, G. Sethi, and A. P. Kumar, "Tocotrienols: The unsaturated sidekick 

shifting new paradigms in vitamin E therapeutics," Drug Discovery Today, vol. 22, no. 12, pp. 1765-1781, 2017.  

https://doi.org/10.1016/j.drudis.2017.08.001 

[61] M. Candiracci, M. L. Justo, A. Castano, R. Rodriguez-Rodriguez, and M. D. Herrera, "Rice bran enzymatic extract–

supplemented diets modulate adipose tissue inflammation markers in Zucker rats," Nutrition, vol. 30, no. 4, pp. 466-

472, 2014.  https://doi.org/10.1016/j.nut.2013.09.016 

[62] M. Nasr, N. Nafee, H. Saad, and A. Kazem, "Improved antitumor activity and reduced cardiotoxicity of epirubicin using 

hepatocyte-targeted nanoparticles combined with tocotrienols against hepatocellular carcinoma in mice," European 

Journal of Pharmaceutics and Biopharmaceutics, vol. 88, no. 1, pp. 216-225, 2014.  

https://doi.org/10.1016/j.ejpb.2014.04.016 

[63] D. Hayashi et al., "Diacylglycerol kinase alpha is involved in the vitamin E-induced amelioration of diabetic 

nephropathy in mice," Scientific Reports, vol. 7, no. 1, pp. 1-8, 2017.  https://doi.org/10.1038/s41598-017-02354-3 

[64] A. Di Vincenzo, C. Tana, H. El Hadi, C. Pagano, R. Vettor, and M. Rossato, "Antioxidant, anti-inflammatory, and 

metabolic properties of tocopherols and tocotrienols: Clinical implications for vitamin E supplementation in diabetic 

kidney disease," International Journal of Molecular Sciences, vol. 20, no. 20, p. 5101, 2019.  

https://doi.org/10.3390/ijms20205101 

https://doi.org/10.3390/md19100558
https://doi.org/10.1016/j.jep.2021.114436
https://doi.org/10.1016/j.phymed.2021.153712
https://doi.org/10.1016/j.addr.2021.113971
https://doi.org/10.1016/j.ejmech.2021.113165
https://doi.org/10.1016/j.cyto.2021.155593
https://doi.org/10.3390/md18070357
https://doi.org/10.3892/ijmm.2020.4783
https://doi.org/10.1016/j.exer.2020.108113
https://doi.org/10.1039/C5FO00261C
https://doi.org/10.1016/j.drudis.2017.08.001
https://doi.org/10.1016/j.nut.2013.09.016
https://doi.org/10.1016/j.ejpb.2014.04.016
https://doi.org/10.1038/s41598-017-02354-3
https://doi.org/10.3390/ijms20205101


Journal of Asian Scientific Research, 2023, 13(2): 74-93 

 

 
92 

© 2023 AESS Publications. All Rights Reserved. 

[65] M. Wallert et al., "α-Tocopherol preserves cardiac function by reducing oxidative stress and inflammation in 

ischemia/reperfusion injury," Redox Biology, vol. 26, p. 101292, 2019.  https://doi.org/10.1016/j.redox.2019.101292 

[66] M. A. Baker et al., "Fish oil–based injectable lipid emulsions containing medium-chain triglycerides or added α-

tocopherol offer anti-inflammatory benefits in a murine model of parenteral nutrition–induced liver injury," The 

American Journal of Clinical Nutrition, vol. 109, no. 4, pp. 1038-1050, 2019.  https://doi.org/10.1093/ajcn/nqy370 

[67] S. Dontha, "A review on antioxidant methods," Asian Journal of Pharmaceutical and Clinical Research, vol. 9, no. 2, pp. 

14-32, 2016.  

[68] R. Pawar, G. Bhagure, and R. Chavan, "Antioxidants and their role in nurture human life and industry: A review," 

International Journal of Chemical Studies, vol. 4, no. 3, pp. 22-26, 2016.  

[69] F. A. S. A. Addor, "Antioxidants in dermatology," Brazilian Annals of Dermatology, vol. 92, pp. 356-362, 2017.  

https://doi.org/10.1590/abd1806-4841.20175697 

[70] H. Xiao et al., "Advances in studies on the pharmacological activities of fucoxanthin," Marine Drugs, vol. 18, no. 12, p. 

634, 2020.  https://doi.org/10.3390/md18120634 

[71] I. Q. Abd, H. I. Ibrahim, H. M. Jirjes, and A. H. Dalaf, "Synthesis and identification of new compounds have 

antioxidant activity beta-carotene, from natural auxin phenyl acetic acid," Research Journal of Pharmacy and Technology, 

vol. 13, no. 1, pp. 40-46, 2020.  http://dx.doi.org/10.5958/0974-360X.2020.00007.4 

[72] A. Jayedi, A. Rashidy-Pour, M. Parohan, M. S. Zargar, and S. Shab-Bidar, "Dietary antioxidants, circulating 

antioxidant concentrations, total antioxidant capacity, and risk of all-cause mortality: A systematic review and dose-

response meta-analysis of prospective observational studies," Advances in Nutrition, vol. 9, no. 6, pp. 701-716, 2018.  

https://doi.org/10.1093/advances/nmy040 

[73] Q. Hu et al., "In vitro digestion and cellular antioxidant activity of β-carotene-loaded emulsion stabilized by soy 

protein isolate-Pleurotus eryngii polysaccharide conjugates," Food Hydrocolloids, vol. 112, p. 106340, 2021.  

https://doi.org/10.1016/j.foodhyd.2020.106340 

[74] R. M. Khadim and F. S. Al-Fartusie, "Antioxidant vitamins and their effect on immune system," in Journal of Physics: 

Conference Series IOP Publishing, 2021, vol. 1853, no. 1, p. 012065.  

[75] J. Crowley, L. Ball, and G. J. Hiddink, "Nutrition in medical education: A systematic review," The Lancet Planetary 

Health, vol. 3, no. 9, pp. e379-e389, 2019.  

[76] M. Eggersdorfer and A. Wyss, "Carotenoids in human nutrition and health," Archives of Biochemistry and Biophysics, vol. 

652, pp. 18-26, 2018.  https://doi.org/10.1016/j.abb.2018.06.001 

[77] J. Wang, X. Hu, J. Chen, T. Wang, X. Huang, and G. Chen, "The extraction of β-carotene from microalgae for testing 

their health benefits," Foods, vol. 11, no. 4, p. 502, 2022.  https://doi.org/10.3390/foods11040502 

[78] C. Yang, Y. Zhao, S. Im, C. Nakatsu, Y. Jones-Hall, and Q. Jiang, "Vitamin E delta-tocotrienol and metabolite 13’-

carboxychromanol inhibit colitis-associated colon tumorigenesis and modulate gut microbiota in mice," The Journal of 

Nutritional Biochemistry, vol. 89, p. 108567, 2021.  https://doi.org/10.1016/j.jnutbio.2020.108567 

[79] C.-L. Shen et al., "Dietary annatto-extracted tocotrienol reduces inflammation and oxidative stress, and improves 

macronutrient metabolism in obese mice: A metabolic profiling study," Nutrients, vol. 13, no. 4, p. 1267, 2021.  

https://doi.org/10.3390/nu13041267 

[80] G. L. Fell et al., "Alpha-tocopherol in intravenous lipid emulsions imparts hepatic protection in a murine model of 

hepatosteatosis induced by the enteral administration of a parenteral nutrition solution," PLoS One, vol. 14, no. 7, p. 

e0217155, 2019.  

[81] C. Hayes, "Cellular immunotherapies for cancer," Irish Journal of Medical Science, vol. 190, no. 1, pp. 41-57, 2020.  

https://doi.org/10.1007/s11845-020-02264-w 

[82] D. Stanculeanu, D. Zob, A. Lazescu, R. Bunghez, and R. Anghel, "Development of new immunotherapy treatments in 

different cancer types," Journal of Medicine and Life, vol. 9, no. 3, pp. 240-248, 2016.  

https://doi.org/10.1016/j.redox.2019.101292
https://doi.org/10.1093/ajcn/nqy370
https://doi.org/10.1590/abd1806-4841.20175697
https://doi.org/10.3390/md18120634
http://dx.doi.org/10.5958/0974-360X.2020.00007.4
https://doi.org/10.1093/advances/nmy040
https://doi.org/10.1016/j.foodhyd.2020.106340
https://doi.org/10.1016/j.abb.2018.06.001
https://doi.org/10.3390/foods11040502
https://doi.org/10.1016/j.jnutbio.2020.108567
https://doi.org/10.3390/nu13041267
https://doi.org/10.1007/s11845-020-02264-w


Journal of Asian Scientific Research, 2023, 13(2): 74-93 

 

 
93 

© 2023 AESS Publications. All Rights Reserved. 

[83] P. H. Pandya, M. E. Murray, K. E. Pollok, and J. L. Renbarger, "The immune system in cancer pathogenesis: Potential 

therapeutic approaches," Journal of Immunology Research, vol. 2016, p. 4273943, 2016.  

https://doi.org/10.1155/2016/4273943 

[84] A. Showalter et al., "Cytokines in immunogenic cell death: Applications for cancer immunotherapy," Cytokine, vol. 97, 

pp. 123-132, 2017.  https://doi.org/10.1016/j.cyto.2017.05.024 

[85] R. Kokate, "A systematic overview of cancer immunotherapy: An emerging therapy," Pharmacy & Pharmacology 

International Journal, vol. 5, pp. 31-35, 2017.  https://doi.org/https://doi.org/10.15406/ppij.2017.05.00112 

[86] L. Milling, Y. Zhang, and D. J. Irvine, "Delivering safer immunotherapies for cancer," Advanced Drug Delivery Reviews, 

vol. 114, pp. 79-101, 2017.  https://doi.org/10.1016/j.addr.2017.05.011 

[87] M. K. Slifka and I. J. Amanna, "Passive immunisation," Plotkin's Vaccines, pp. 84-95, 2018.  

https://doi.org/10.1016/B978-0-323-35761-6.00008-0 

[88] N. E. Papaioannou, O. V. Beniata, P. Vitsos, O. Tsitsilonis, and P. Samara, "Harnessing the immune system to improve 

cancer therapy," Annals of Translational Medicine, vol. 4, no. 14, p. 261, 2016.  https://doi.org/10.21037/atm.2016.04.01 

[89] Z. Zhang et al., "Neoantigen: A new breakthrough in tumor immunotherapy," Frontiers in Immunology, vol. 12, p. 

672356, 2021.  https://doi.org/10.3389/fimmu.2021.672356 

[90] R. C. Yuen and S.-Y. Tsao, "Embracing cancer immunotherapy with vital micronutrients," World Journal of Clinical 

Oncology, vol. 12, no. 9, pp. 1-8, 2021.  https://doi.org/10.3389/fimmu.2021.672356 

[91] P. Pan et al., "The immunomodulatory potential of natural compounds in tumor-bearing mice and humans," Critical 

Reviews in Food Science and Nutrition, vol. 59, no. 6, pp. 992-1007, 2019.  

https://doi.org/10.1080/10408398.2018.1537237 

[92] S. A. Dyshlovoy, "Recent updates on marine cancer-preventive compounds," Marine Drugs, vol. 19, no. 10, p. 558, 2021.  

[93] I. Faraone et al., "Astaxanthin anti-cancer effects are mediated through multiple molecular mechanisms: A systematic 

review," Pharmacological Research, vol. 155, p. 104689, 2020.  https://doi.org/10.1016/j.phrs.2020.104689 

[94] V. Aggarwal et al., "Molecular mechanisms of action of tocotrienols in cancer: Recent trends and advancements," 

International Journal of Molecular Sciences, vol. 20, no. 3, p. 656, 2019.  https://doi.org/10.3390/ijms20030656 

[95] C. Constantinou, C. Charalambous, and D. Kanakis, "Vitamin E and cancer: An update on the emerging role of γ and δ 

tocotrienols," European Journal of Nutrition, vol. 59, no. 3, pp. 845-857, 2020.  

[96] J. X. Ming et al., "Fucoxanthin extracted from Laminaria Japonica inhibits metastasis and enhances the sensitivity of 

lung cancer to Gefitinib," Journal of Ethnopharmacology, vol. 265, p. 113302, 2021.  

https://doi.org/10.1016/j.jep.2020.113302 

[97] Q.-H. Chen, B.-K. Wu, D. Pan, L.-X. Sang, and B. Chang, "Beta-carotene and its protective effect on gastric cancer," 

World Journal of Clinical Cases, vol. 9, no. 23, p. 6591, 2021.  https://doi.org/10.12998/wjcc.v9.i23.6591 

 

 

 

 

  

Views and opinions expressed in this article are the views and opinions of the author(s), Journal of Asian Scientific Research shall not be responsible or 
answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content. 

 

https://doi.org/10.1155/2016/4273943
https://doi.org/10.1016/j.cyto.2017.05.024
https://doi.org/https:/doi.org/10.15406/ppij.2017.05.00112
https://doi.org/10.1016/j.addr.2017.05.011
https://doi.org/10.1016/B978-0-323-35761-6.00008-0
https://doi.org/10.21037/atm.2016.04.01
https://doi.org/10.3389/fimmu.2021.672356
https://doi.org/10.3389/fimmu.2021.672356
https://doi.org/10.1080/10408398.2018.1537237
https://doi.org/10.1016/j.phrs.2020.104689
https://doi.org/10.3390/ijms20030656
https://doi.org/10.1016/j.jep.2020.113302
https://doi.org/10.12998/wjcc.v9.i23.6591

