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Abstract

Currently, the world is continuously discovering effective treatment strategies for controlling the Coronavirus disease - 2019 
(COVID-19). Many researchers have focused on designing drugs that can affect the replication or protease activity of coronavirus. 
The clinical testing and regulatory approvals for these drugs will take time. However, currently, there's an urgent requirement for 
treatment strategies that are safe, effective, and can be implemented through readily available products in the market. Many plant-
derived products rich in secondary metabolites have potential health benefits and antimicrobial properties. The olive plant products 
(olive oil and leaf extracts) are rich in secondary metabolites, for instance, phenols (oleuropein and hydroxytyrosol) and terpenoids 
(oleanolic, maslinic, and ursolic acid). These compounds were used as an effective anti-viral agent in the past. The phenolics affect the 
virus attachment and replication. Whereas the terpenoids mainly affect the membrane fluidity of the virus. In recent molecular dock 
studies, it was found that these compounds effectively bound to Mpro and 3CLpro protease sites of COVID-19 virus (SARS-CoV-2) 
and were hypothesized to affect the replication of the virus. Apart from anti-viral properties, these bioactive compounds function as 
anti-inflammatory, anti-modulatory, anti-thrombotic, and anti-oxidative agents. Olive oil has been widely used for cooking all over 
the world. The consumption of olive oil is safe and is believed to increase immunity against various infectious microbes. Hence olive 
products can be explored in control of COVID-19 disease. This review summarizes and discusses the numerous properties of phenolic 
and terpenoid compounds found in olives in the context of COVID-19. 
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Abbreviations
ADMET: Absorption, Distribution, Metabolism, and Excretion; 
ASA: Acetylsalicylic Acid; AP-1: Activator Protein 1; ADP: Adenos-
ine Diphosphate; ACE-2: Angiotensin-converting Enzyme-2; APC: 
Antigen-presenting Cell; AA: Arachidonic Acid; AZT: Azidothymi-
dine; AGEs: Advanced Glycation; BRV: Bovine Rotavirus; CVD: Car-
diovascular Disease; COVID-19: Coronavirus Disease 2019; CRP: C-
reactive Protein; CD: Crohn's Disease; COX: Cyclooxygenase; ET-1: 
Endothelin 1; EVOO: Extra Virgin Olive Oil; FAV: Fowl Adenovirus; 
cGMP: Current Good Manufacturing Practices; HBV: Hepatitis B Vi-
rus; HDL: High-density Lipid; HMGB1: High Mobility Group Box 1; 
HIVRT: Human Immune Deficiency Virus Reverse Transcriptase; 
HOCl: Hypochlorous Acid; HXT: Hydroxytyrosol; HXT-AC: Hydroxy-
tyrosol Acetate; IFN-γ: Interferon- γ; IRF-1: Interferon regulatory 
factor-1; IL: Interleukins; LDH: Lactate Dehydrogenase; LPS: Lipo-
polysaccharide; LOX: Lipoxygenase; LDL: Low-density Lipid; MA: 
Maslinic Acid; MMP-9: Matrix metalloproteinase 9; MERS CoV: 
Middle Eastern Respiratory Syndrome Coronavirus; MUFA: Mono-
unsaturated Fatty Acids; MARCKS: Myristoylated Alanine-rich C Ki-
nase Substrate; NHC: National Health Commission; NDV: New Cas-
tle Disease Virus; NO: Nitric Oxide; iNOS: Nitric Oxide Synthase; NF: 
Nuclear Factor; NF-kB: Nuclear Factor Kappa-light-chain-enhancer 
of Activated B Cells; OA: Oleanolic Acid; Ole: Oleuropein; PBMC: 
Peripheral Blood Mononuclear Cells; PAF: Platelet-activating Fac-
tor; PRP: Platelet-rich Plasma; PDB: Protein Data Bank; PKC: Pro-
tein Kinase C; ROS: Reactive Oxygen Species; RBD: Receptor Bind-
ing Domain; RNA: Ribonucleic Acid; RdRp: RNA Dependent RNA 
Polymerase; SFAED: Saturated Fatty Acid-enriched Diet; SARS CoV: 
Severe Acute Respiratory Syndrome Coronavirus; STAT-1α: Signal 
Transducer, and Transcription-1α; SOD: Superoxide Dismutase; 
TPA: 12-O-tetradecanoylphorbol-13- acetate; TI: Therapeutic In-
dex; TF: Transcription Factor; TGF: Transforming Growth Factor; 
TNF α: Tumor Necrosis Factor-α; TMPRSS-2: Type 2 Transmem-
brane Protease Serine; US: United States; UA: Ursolic Acid; VEGF: 
Vascular Endothelial Growth Factor; VOO: Virgin Olive Oil

Introduction 
The coronaviruses (CoVs) are enveloped RNA (ribonucleic acid) 

viruses, and their genome size varies from 26 - 32 kb [1]. Based 
on the serological and genetic characteristics, these viruses are 
grouped into six genera's (Alpha (α), Beta (β), Gamma (γ), and 
Delta (δ)). The coronaviruses can infect mammals and are known 
to cause respiratory diseases. However, all the CoVs which have 
infected humans were reported from α (Human(H) coronavirus-
229E and HCoV-NL63,) and β (HCoV -OC43, HCoV-KU1, Severe 
Acute Respiratory Syndrome Coronavirus (SARS CoV), and Middle 
Eastern Respiratory Syndrome Coronavirus (MERS CoV)) genera's 
only. The CoVs belong to β genera have caused a severe epidemic 
(SARS and MERS in 2002 - 2003 and 2012, respectively).

The analysis of history indicates that human beings were af-
fected and influenced by many viral diseases. Until now, billions 
of people have died worldwide due to various viral infections. 
The current Coronavirus disease 2019 (COVID-19) pandemic had 
caused substantial morbidity and mortality all over the globe. The 
COVID-19 is a lower respiratory tract disease characterized by flu-
like symptoms, usually after 5 - 6 days of virus infection. The vari-
ous symptoms of the disease include pharyngitis, cough, pyrexia, 
myalgia, and loss of taste/smell was also observed in some cases. 
These symptoms are very similar to the SARS and MERS diseases. 
Aged people and people with poor immunity were found more vul-
nerable to the disease [2]. According to National Health Commis-
sion (NHC) China, the infected patients are the potential sources of 
transmission of the virus. The disease symptoms are not visible in 
some individuals (asymptomatic individuals); however, they also 
act as a source of infection. The disease gets transmitted from an 
infected person to others via aerosols generated through the respi-
ration process and due to close contact [3].

Effective treatment or therapies are indispensable to save the 
world from the COVID-19 pandemic and stabilizing the global 
economy. So far, an approved drug is not available for COVID-19. 
Hence an effective anti-viral agent is required to control the infec-
tion. In many developing countries, ~80% of people depend on tra-
ditional plants for their medicinal needs [4]. With the advancement 
of technological resources, various plant products were explored 
as natural anti-viral drugs. The primary and secondary metabo-
lites of plants are known to impart multiple health benefits; some 
are anti-viral and known to boost immunity against various infec-
tious diseases. In the current scenario of the COVID-19 pandemic, 
a diet rich in these plant products is essential to increase immunity 
against the virus.

The olive oil and table olives used in the human diet are rich 
sources of phenolics, terpenoids, phytosterols, monounsaturated 
fatty acids (MUFA) (oleic acid) micronutrients. The various health 
benefits of olive phenols and terpenes have been scientifically il-
lustrated. Olive oil is known to exert health benefits by interacting 
with the body's genetic, physiologic, and metabolic functions. Many 
ancient Greek doctors and Hippocrates mentioned olive plants and 
their products (virgin olive oil (VOO)) as a potent pharmacologi-
cal agent and have been used for treating ~60 health conditions. 
Many pieces of evidence highlighted the beneficial aspects of olive 
products in controlling various viral, cardiovascular disease (CVD), 
and inflammatory diseases [5]. This manuscript summarizes the 
therapeutic potential of bioactive components of olives such as 
phenolics and terpenoids to control COVID-19. 

SARS-CoV-2 infection and immune response 

The spike (S) protein is a characteristic feature of all SARS coro-
naviruses. The variable receptor-binding domain (RBD) of the 
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antigen region recognizes the receptors and determines the infec-
tivity of the virus. Angiotensin-converting enzyme-2 (ACE-2) is a 
transmembrane protein receptor specific to SARS-COV-2 present 
in various organs such as lungs, heart, gastrointestinal tract, and 
kidney cells. The virus enters primarily into these organs through 
this receptor. Once the virus binds to ACE-2 receptors, the type 2 
transmembrane protease serine (TMPRSS-2) activates the S pro-
tein of the virus [6]. The SARS-CoV-2 infection and entry into the 
host cell are very similar to influenza and human metapneumovi-
rus. The virus entry triggers the inflammation in the lower respira-
tory tract and immune response in the host. The cells which have 
both ACE-2 and TMPRSS-2 are most susceptible to virus infection. 
The cytokines and chemical factors (Huang., et al. 2020) are pro-
duced in higher quantity during severe infection of COVID-19. The 
antigen-presenting cell (APC) is an immune cell (dendritic, B cell, 
and macrophages) that triggers the immune responses. APC pro-
cesses and presents the virus/antigen to T helper (Th1/CD4+ T) 
cells, releases proteins (cytokines) to activate Th1 cells. The Th1 
cells activate CD8+-T-killer (Tk) cells and trigger B-cells to produce 
specific antibodies. The immune cells release many inflammatory 
cytokines, which leads to the formation of cytokine storms. The cy-
tokines storms mainly include interleukins (IL)-1, 6, interferon- γ 
(IFN-γ) and tumor necrosis factor-α (TNF α). The TNF-α produc-
tion triggers the various signaling events within cells, leading to 
necrosis or cell death to control the infection.

TNF-α and IL1β involve the induction of vascular permeability, 
inducible nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-
2). The iNOS enzyme produces nitric oxide (NO), and this gaseous 
free radicle plays a crucial role in secondary inflammation and 
apoptosis. Patients develop wet lung and multiple organ failure [7]. 
Generally, viral infections are associated with inflammation and as-
sociated with coagulation disorders or thrombotic complications. 
Evidence suggests that inflammation and coagulation are related. 
Inflammation impacts the various phases (initiation and propaga-
tion) of blood coagulation [8]. Blood coagulation is regulated by 
circulating coagulation inhibitors (antithrombin and heparin co-
factor II). Xu., et al. [9], in their immunological study with various 
blood samples of SARS-CoV-2 patients, found that the virus was in-
volved in activation of pathogenic T cells and induction of multiple 
cytokines such as IFN-γ, IL-1, IL-6, and granulocyte-macrophage 
colony-stimulating factor (GM-CSF). The GM-CSF further stimu-
lates monocytes, CD14+, and CD16+ cells to secrete inflammatory 
cytokines such as IL-6. Because of this process, the inflammatory 
cascade continues, and the built-up immune solid response damag-
es the body's essential organs. Li., et al. [10] found that the systemic 
cytokine storm caused by the COVID-19 virus and microcirculation 
dysfunction responsible for sepsis and multiple organ dysfunction. 

Therefore, anti-viral agents that immediately control the spread of 
viral particles and stabilize the immunity developed after exposure 
to the pathogen are essential to treat COVID-19.

Status of various treatment strategies for control of COVID-19 
Current research in drug development against SARS-COV-2 

Scientists are screening various existing anti-viral drugs to test 
the efficacy against COVID-19. All over the world, ~140 clinical tri-
als are ongoing in which 23 are being carried out only in the United 
States (US), and the remaining are carried out by other countries 
(China, France, Canada, Spain, Russia, Germany, and Italy). The var-
ious groups of drugs and their mode of action are listed in table 1.

Current research in vaccine development against SARS-CoV-2

Prevention is always better than cure; vaccines are the cost-
effective options in preventing various viral infections. Globally 
scientists are working out to discover the vaccines for COVID-19. 
However, this task remains challenging due to the highly variable 
RBD found in the S protein region of the virus. The vaccines de-
veloped against this virus will be ineffective due to faster virus 
mutation rates [24]. The new drugs developed should follow the 
current Good Manufacturing Practices (cGMP) and need to go for 
safety and toxicity assays in animals and humans. The develop-
ment of vaccines will not happen overnight, requiring an enormous 
amount of time and money. Few examples of vaccines that are in 
phase II of clinical trials are shown in table 2. 

Natural products as an alternative therapeutic agent for con-
trol of SARS-CoV-2

In traditional medicine, natural products and their derivatives 
or extracts were used to treat various infections, including virus-
es. The herbal nutraceuticals market is growing at a very rapid 
rate due to its accessible acceptability. Many plant products were 
identified as potential anti-viral agents [25]. Some of the plant's 
extracts found effective against SARS-CoV are Lycoris radiate, Ar-
temisia annua, Purrosia lingua, Lindera aggregate, Isatis indigotica. 
The anti-viral properties of these plant extracts are related to vari-
ous kinds of secondary metabolites. 

Plant secondary metabolites and their role in the control of 
various viral infections

The plant produces various kinds of secondary metabolites, 
which are organic compounds. These are not required for the pri-
mary growth of plants; however, they play a crucial role in defense 
mechanisms. Secondary metabolites are grouped into phenolics, 
terpenes, and nitrogen-containing substances. Many plant phenols 
and polyphenols possess anti-viral properties and have shown in-
hibitory activity against SARS-CoV-2 [26]. 
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Drug Type Drug Name Tested viruses Mode of Action References

Antimalarial drugs Chloroquine (CQ) and  
hydroxychloroquine (HCQ)

SARS-CoV-2, SARS, 
Human immunode-
ficiency virus (HIV), 

MERS

Increasing intracellular pH of 
lysosomes, interfering with  

glycosylation of viral receptor
[11]

Membrane fusion 
inhibitors Arbidol (Umifenovir) SARS-CoV-2 Membrane fusion inhibitor [12]

Protease inhibitors

Anti-HIV drugs (Ritonavir, 
Lopinavir, Emtricitabine and 

Darunavir)
SARS-CoV-2, HIV Protease inhibitor [13]

Cobicistat in combination 
with Darunavir SARS-CoV-2 Cytochrome P450 inhibitor [14]

ivermectin SARS-CoV-2, HIV Inhibit integrase protein nuclear 
import (IN) and HIV-1 replication [15]

Camostat mesylate (FOY 
305) SARS-CoV-2 Targets TMPRSS2 protease and 

prevent viral entry [16]

Replication inhibitors

Remdesivir (anti-HIV drug) SARS-CoV-2, HIV Adenine analogue [17]

Ribavirin

SARS-CoV-2,  
Respiratory syncytial 
virus (RSV), Hepatitis 

C virus (HCV)

Guanine analogue [18]

Favipiravir
SARS-CoV-2,  

influenza, yellow 
fever

Guanine analogue [19]

Anti-inflammatory methylprednisolone  
(DEPO-Medrol) SARS-CoV-2 Prevent cytokine response in 

pneumonia [20]

Cytokine inhibitors Tocilizumab SARS-CoV-2 Antibody targets IL-6 receptor [21]
JAK1/JAK2 inhibitors Ruxolitinib SARS-CoV-2 Inhibitors of JAK1 and JAK2 [22]
Other therapies Convalescent plasma SARS-CoV, MERS -CoV [23]

Table 1: Drugs under clinical trials for control of SARS-CoV-2.

Phase Name Type Location Trial No.

I/II ChAdOx1
Non-replicat-

ing viral vector
UK NCT04324606

II Ad5-nCoV
Non-replicat-

ing viral vector
China NCT04341389

I/II Sinovac  
vaccine Inactivated China NCT04352608

I/II BNT162 RNA Germany NCT04380701

I/II WIBP vaccine Inactivated USA ChiC-
TR2000031809

I/II BNT162 RNA Canada NCT04368728

I/II Sinovac  
vaccine

Inactivated USA NCT04383574

I/II AV 
-COVID-19 Other China NCT04386252

Table 2: Vaccines in phase II of clinical trials for SARS-CoV-2 
(WHO DRAFT landscape of COVID-19).

Secondary metabolites of olives 

The olives are consumed either as table olives or olive oil for 
many years. These products are a rich source of various second-
ary metabolites such as phenolics, terpenes. These bioactive com-
pounds present in the olive plant and its different products (oil, 
fruit, and leaf) have pharmacological significance and are being 
researched widely. Olive oil has been categorized into refined, lam-
pante, pomace, and virgin olive oil based on the production meth-
odology. Virgin olive oil is produced only by mechanical means 
without any chemical intervention. Olive pomace oil is extracted 
from the residue of the fruit press. The chemical refining of any 
virgin oil produces refined oil, and it doesn't have color, flavor and 
low in fatty acids and bioactive compounds. This olive pomace and 
refined oil have fewer health benefits due to the lower concentra-
tion of bioactive compounds. The chemical composition of olive oil 
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determines the health benefits. The main chemical components 
found in olive oil are classified into major and minor. The oleic acid, 
a monounsaturated fatty acid (MUFA), is a significant component 
and the other minor component includes phenols and terpenoids, 
etc., [27]. The primary-secondary metabolites such as phenolics 
and terpenes found in olives are discussed briefly.

Main phenolic compounds of olives

Phenolic compounds contain a single aromatic ring structure, 
whereas; polyphenols have one or more ring structures with an 
attached hydroxyl group [28]. The phenolic compounds of VOO 
are classified as lignans, phenolic acids, phenolic alcohols, secoiri-
doids, flavonoids, and hydroxy-isocromans. Among these, phenolic 
acids were found in the least quantity, and secoiridoids were found 
in the most significant amount. Oleuropein (Ole), hydroxytyrosol 
(HXT), and tyrosol are the significant phenolics found in olives. 

The oleuropein is a secoiridoids phenol; the uniqueness of se-
coiridoids is that it is only found in plants belongs to the Oleaceae 
family. Chemically, oleuropein is an ester of phenyl ethyl alcohol 
(tyrosol and hydroxytyrosol) and an oleanolic acid glycoside. Oleu-
ropein is a major phenolic compound found in Olive plants, its con-
centration is ~14% in fruits and 60-90 mg. g-1 in leaves on a dry 
matter basis. HXT is phenolic phytochemicals and is found in the 
form of an oleanolic acid ester of oleuropein, and its concentration 
varies with the type of oil and fruit. In Extra virgin olive oil (EVOO) 
the HXT concentration is 14.32 ± 3.01 mg.kg-1 and in refined virgin 
olive oil it is ~1.74 ± 0.84 mg.kg-1. The Green black olives, Spanish 
green olives, and Greek kalamata olives contain HXT concentra-
tions of 100 - 340 mg.kg-1, 170 - 510 mg.kg-1 and 250 - 760 mg.kg-1, 

respectively. 

Main terpenoid compounds of olives 

Triterpenes are chemically composed of terpene/isoprene 
units. These compounds are generally found in fruit, fruit peel, 
leaves, and stem of olive plants. Oleanolic acid (OA), maslinic acid 
(MA), uvaol, and erythrodiol are the major triterpenes found in ol-
ive oil. The EVOO from different cultivars was found to contain tri-
terpenes in the range of 40 -185 mg.kg-1, and the various oil varies 
from 8.90-112.36 mg.kg-1 [29]. 

Pharmacological applications of phenolics and terpenoids of 
olives 
Phenolics and terpenoids of olives as anti-viral agents 

Plant secondary metabolites are known for their anti-viral ac-
tivity. These compounds are known to affect the virus life cycle (en-

try, multiplication, assembly, and discharge) and virus-host inter-
action [4]. The main phenolic and terpenoids compounds of olives 
and their anti-viral properties are reviewed here.

Phenolics of olives as anti-viral agents 

The hydroxyl group from phenol molecules dissociates and pro-
duces phenolate ions with a negative charge. The hydroxyl groups 
found on phenols also interact electro statistically or make hydro-
gen bonding or ion bonding with positively charged amino groups 
of the protein. The incubation study of phenolic compounds such as 
tannins with a protein molecule is shown to disturb the 3D struc-
ture of the protein or its activity [30]. Sometimes the polyphenols 
bind to the viral capsid (envelope) and prevent the virus particles 
attach to the host cells. 

Oleuropein is a potential anti-viral phenolic compound. In US 
patent (US6117844A), the oral, parenteral administration of oleu-
ropein either in crude extract or in the pure form is found effec-
tive against viruses such as bovine rhinovirus or hepatitis virus, 
herpes mononucleosis, feline leukaemia virus, canine parvovirus, 
and rotavirus. In another report, it has been mentioned that the 
human orthopneumovirus (RSV) and para-influenza type 3 virus 
can be effectively controlled by oleuropein. In one of the anecdotal 
reports, it has been mentioned that the olive leaf extracts contain-
ing oleuropein were found to inhibit Human immune deficiency 
virus reverse transcriptase (HIVRT) by increasing the activity of 
(-)-2'-Deoxy-3'-thiacytidine (3TC), which is a selective inhibitor of 
HIV replication. The phenolic extract from the olive leaf was found 
to inhibit the infection and replication of HIV-1, salmonid rhabdo-
virus, hemorrhagic septicemia virus (VHSV). In another study, the 
olive leaf extract containing oleuropein was reported to affect cell 
to cell transmission of HIV-1 at a half-maximal effective concentra-
tion (EC50) of 0.2 μg/ml by affecting HIV-1 gp41 (surface glycopro-
tein subunit) part of the virus [31]. 

Guiqin Zhao., et al. [32] studied oleuropein anti-viral proper-
ties on Hepatitis B virus (HBV) in HepG2 2.2.15 cell lines. At 23.2 
µg/ml concentration (inhibitory concentration 50 (IC50) value) of 
oleuropein, the secretion of hepatitis B surface antigen (HBsAg) in 
HepG2 2.2.15 cell line was stopped entirely. The intraperitoneal ad-
ministration of 80 mg.kg-1 of oleuropein twice daily into duckling 
infected with duck hepatitis B virus (DHBV) showed reduced vi-
ral load. The mechanism of suppression of HBsAg gene expression 
was not appropriately understood. However, it was hypothesized 
that Ole might directly affect the transcription machinery of the 
HBsAg gene. 
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Hydroxytyrosol (HXT) was known to inhibit influenza-A virus 
sub types H5N1, H1N1, H9N2, and H3N2. Kentaro Yamada., et al. 
[33] studied the anti-viral effects of HXT using influenza-A virus, 
Bovine rotavirus (BRV), New Castle Disease Virus (NDV), and fowl 
adenovirus (FAV). In many studies, HXT was found ineffective 
against non-enveloped and effective against enveloped viruses. 
HXT was found to affect the surface structure of enveloped viruses. 
In a study, the electron microscopic pictures revealed that the HXT-
treated H9N2 virus lacked surface spikes and was disintegrated. 
The other results, such as inhibition of transcription and transla-
tion, were also observed. These results indicate the anti-viral prop-
erties of HXT.

 Lee-Huang., et al. [31] demonstrated the combined anti-viral 
effects of HXT and Ole. These compounds were found to affect the 
entry and integration of the virus into the host. Guiqin Zhao., et al. 
[32] investigated the anti-HIV properties of Ole and HXT. In mo-
lecular simulation studies, Ole and HXT were found to attack the 
HIV-gp41 fusion complex of the virus. They also found that these 
compounds affect the cell's cell transmission of HIV and p24 anti-
gen production. 

Terpenoids of olives as anti-viral agents 

The lipophilic terpenoids are found in many plant oils. These li-
pophilic compounds interact non-specifically with the virus's lipid 
bilayer and affect the membrane fluidity and cause lysis. The triter-
penoids found in olive oil, such as Oleanolic acid (OA) and Ursolic 
acid (UA), were found effective against HIV and hepatitis virus [34]. 
The terpenoids and their derivatives inhibit HIV-1 protease, result-
ing in the production of non-infectious virions, which block the life 
cycle of HIV and improves the patient's health. It was observed that 
when HIV-infected peripheral blood mononuclear cells (PBMC) 
are incubated with different doses of OA, the replication of the vi-
rus gets significantly reduced as compared to the azidothymidine 
(AZT) drug. The study found that OA eliminates HIV infection in H9 
cell lineage with a therapeutic index (TI) of 12.8.

The inhibitory activities of OA and UA were tested against HCV 
and HBV, which causes hepatocellular carcinoma in humans [35]. 
OA inhibits HCV-RNA replication by suppressing the NS5B RNA-
dependent RNA polymerase (RdRp). When incubated with HBV 
infected protein-transactivated cell lineages, UA had decreased the 
secretion of matrix metalloproteinase-3, and treated cells were 
found more sensitive to transforming growth factor (TGF) induced 
apoptosis. Because of these properties, UA is one of the potential 

candidates for developing a new class of anti-viral compounds for 
HBV. 

OA-treated peritoneal macrophages were found to produce 
IL-12 cytokine required to activate T helper cell 1(CD4+Th1) to 
eliminate intracellular pathogens [36]. The anti-viral activities of 
OA and UA were dependent on the type of virus and host cell and 
exhibited a high level of selectivity and sensitivity. Both OA and UA 
have a similar mechanism of action and act mainly on the multipli-
cation of virus particles. 

Phenolics and terpenoids of olives as anti-inflammatory 
agents 

Inflammation is a defensive process that protects the body from 
harmful infectious agents and allergens associated with a cellular 
cascade. The pathological infections and several diseases such as 
arthritis, cancer, and neurodegenerative disorders generate chron-
ic inflammations [37]. The anti-inflammatory properties of pheno-
lics and terpenoids found in olives are reviewed.

Phenolics of olives as anti-inflammatory agents

The phenolic compounds found in VOO were found to have 
prominent anti-inflammatory properties. The consumption of 
heated VOO rich in phenolics was reported to reduce the postpran-
dial inflammatory responses. The VOO or mix of rapeseed or sun-
flower oil supplemented with olive phenolic compounds was found 
to reduce the postprandial inflammations. The phenolics enriched 
olive oil to reduce the stimulation of lipopolysaccharide (LPS), 
nuclear factor kappa-light-chain-enhancer of activated B cells 
(NF-kB), and plasma concentration compared to sunflower oil and 
demonstrated the inflammatory effects. Various studies reported 
the effectiveness of VOO phenolics in modulating inflammatory 
mediators such as 6-keto-PG F1a and thromboxane B2 obtained 
in response to arachidonic acid. They were also found effective 
against C-reactive protein (CRP) and IL-6 inflammatory agents. The 
phenolics of olive were found to attenuate the expression of IL-8 
and modulate the acute inflammatory responses in epithelial cells 
of the intestine [38]. In in-vitro studies with monocyte cell lines, 
the oleuropein was found to inhibit the expression of matrix metal-
loproteinase 9 (MMP-9), induced by tumor necrosis factor-alpha 
(TNF α). The monocytes and their secretary molecules are essen-
tial for the development of inflammatory disorders. A significant 
reduction of cytokine-induced MMPs and inflammatory responses 
were observed after 30 minutes of oleuropein administration. This 
was also associated with reduced atherosclerosis in arteries. 
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Impellizzeri., et al. [39] observed that the administration of 
oleuropein into a mouse challenged with carrageenan-induced in-
flammatory disease triggered a significant reduction of TNF, IL-1β, 
and NO. Visioli., et al. [40] shown an increased level of immune-
competent cells in macrophages treated with oleuropein. In the 
study, oleuropein was found to induce nitric oxide (NO) synthase 
enzyme to produce NO in macrophages treated with LPS. The oleu-
ropein was also known to inhibit the other inflammatory agents 
such as leukotriene B4 production and lipoxygenase activity.

The anti-inflammatory mechanism of oleocanthal of olive was 
found very similar to the anti-inflammatory drug ibuprofen. Oleo-
canthal was found to inhibit inflammatory enzymes such as cy-
clooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) in in-vitro 
studies. The oleocanthal was found more efficient than ibuprofen 
at the same concentration. The oleocanthal was found to attenuate 
inflammatory intermediates like inducible iNOS, which are com-
mon illnesses. 

HXT of olive oil exhibited inhibitory activity against inflam-
mation in an animal model. HXT had reduced the expression of 
pro-inflammatory cytokines like IL-1β and TNF α in inflammatory 
disorders. In vitro conditions, HXT was found to attenuate the in-
flammatory mediators such as COX-2, iNOS, and TNF α in LPS-chal-
lenged human monocytic THP-1 cells [41]. The HXT has the prop-
erty of inhibiting LOX (lipoxygenase) and COX (cyclooxygenase) 
enzymes of arachidonic acid (AA) and found to reduce the oxidative 
damages of inflammations [42].

LPS stimulated J774 murine macrophage cell lines shown an in-
creased mRNA level of NO synthase and cyclooxygenase 2, and ROS 
generation. The HXT Treatment was found to blocks the stimula-
tion of NF-κB, interferon regulatory factor-1 (IRF-1), signal trans-
ducer, and transcription-1α (STAT-1α). HXT treated cells shown re-
duced expression of COX-2 and iNOS. Because of these properties, 
HXT can be considered a potent natural compound for the regula-
tion of inflammation. 

Terpenoids of olives as anti-inflammatory agents 

Terpenoids including UA, OA, MA, and Uvaol have been exam-
ined and reflected effectively against inflammation [43]. On the ex-
posure of allergens, OA was found to downregulate the infiltration 
of eosinophil, inflammation of the allergic airway, IL-5, IL-13, and 
IL-17 production. It was found to reduce the degranulation of mast 
cells, phospholipase A2 type-IIA (sPLA2-IIA), T helper cell-2 (Th2) 

type cytokines, capillary permeability, and type I allergic reactions. 
OA has inhibited the relinquishment of high mobility group box 1 
(HMGB1) and HMGB1-mediated adhesion and movement of the 
monocytic cell line THP-1. In addition to this, it has been found to 
suppress the expression of the HMGB1 receptor, thereby prevents 
the down regulation of HMGB1-dependent tumor necrosis factor 
(TNF) and nuclear factor (NF). It was also found to lower the ace-
tic acid-driven hyper-permeability, and carboxymethyl cellulose 
prompted leukocyte movement and stimulation of TNF and NF 
[44]. 

The In-vitro/In-vivo inflammatory models were used for assess-
ing the activity of UA against inflammation. When arthritic balb/c 
mice treated with UA leads to suppressing pro-inflammatory cy-
tokines like IL-2, Interferon (IFN) and TNF from Th-2 cell. The UA 
treatment was also reported to inactivate the pro-inflammatory 
enzyme sPLA2 and hide E-selectin by preventing the transloca-
tion of NF-k into the nucleus [45]. It was also found to suppress the 
advanced glycation (AGEs) end products and other molecules like 
COX-2 and iNOS, responsible for inflammation. 

Banno., et al. [46] first assessed the inhibitory activity of MA 
against inflammation in a potent tumor promoter, 12-O-tetradec-
anoylphorbol-13- acetate (TPA). MA was known to regulate in-
flammation by inhibiting the binding of transcription factor (TF) 
NF-𝜅B to the promoter sequence of COX-2 and iNOS [47]. NF-𝜅B is
a stress-controlled TF, which regulates inflammatory reactions. In 
addition to this, MA can down-regulate the stimulation of activator 
protein 1 (AP-1). This leads to the prevention of NF-𝜅B phosphory-
lation, nuclear translocation, and DNA-binding action by suppress-
ing the receptor of NF-𝜅B expression.

Marquez-Martin., et al. [48] and Allouche., et al. [49] have report-
ed the anti-inflammatory effects of triterpenes of olive oil. Asthma 
produces the inflammatory reactions of eosinophils, which are re-
sponsible for the pathological process of allergic diseases. Uvaol in-
hibits the infiltration of eosinophils, and the concentrations of IL-5 
as inhibitory activity against inflammation as IL-5 have a key role 
in the infiltration of eosinophils and inflammation due to allergic 
reactions. The inflammatory responses in an asthma model can be 
regulated by inhibiting the phosphorylation of mitogen-activated 
protein kinases (ERK1/2), which controls the inflammation and 
mucus formation in the airways. Uvaol could reduce the growth of 
myofibroblasts by down regulating the phosphorylation of ERK1/2 
and decrease the perivascular fibrosis [50]. 
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Uvaol in human mononuclear cells facilitates the down regula-
tion of cytokine IL-1β secretion, which is required to express ad-
hesion molecule in eosinophils. The UA was found to prevent the 
production of antigen-stimulated IL-5 [51] considerably. Uvaol 
attenuates allergic inflammatory reactions by eosinophils, secre-
tion of mucus, and alveolar collapse that appears to involve the 
decrease in the concentration of IL-5. Therefore, uvaol signifies a 
new molecule to regulate allergic reactions with several pharma-
cological properties.

Phenolics and terpenoids of olives as Anti-modulatory agents 
Immunomodulator are molecules having the capability to con-

trol both innate and adaptive immune systems. Numerous bioac-
tive compounds obtained from medicinal plants and their oils can 
be explored to modulate immune function.

Phenolics of olives as anti-modulatory agents

Teresa Vezza., et al. [52] assessed the olive leaf extract's inhibi-
tory activity against inflammation and their immunomodulatory 
effects. The inhibitory activity against inflammation of olive leaf ex-
tract (0.5-25 mg/kg) containing oleuropein was tested in DSS and 
DNBS colitis mice models. The immune-modulatory effects were 
studied invivo using the extract (0.1-100 μg/mL) in mucosal organ 
cultures of both healthy individuals and patients with Crohn's dis-
ease (CD). In both the conditions, the extract was found to restore 
the expression of MUC-2, TFF-3, and ZO-1 to improve the barrier 
integrity of the epithelial line and down-regulate the expression of 
pro-inflammatory intermediates (iNOS, IL-1β, and TNF-α). The for-
mation of pro-inflammatory intermediates (IL-6, IL-8, IL-1β, and 
TNF-α) was reduced in mucosal samples collected from the intes-
tine of CD patients. They concluded that oleuropein's anti-inflam-
matory activities were linked to its immune-modulatory properties 
and ability to restore the barrier integrity of intestinal epithelial 
lines. Additionally, it also controls the cellular movement involved 
in inflammatory reactions. 

Terpenoids of olives as anti-modulatory agents

The pentacyclic triterpenes (OA and UA) were assessed for their 
impact on T-cell multiplication. UA and OA were found to regulate 
T-cell multiplication with IC50 values down more than 50 μg/mL 
and 3.01 μg/mL, respectively. The chemical structures of OA and 
UA are varying at ring E in the methyl group position, which has 
imparted the different functionality. OA stimulates macrophages to 
produce additional TNF-α and NO [53], whereas UA showed sup-
pression effects. Compared to OA, UA had shown significant inhibi-
tory activity on T-cell multiplication. 

The pentacyclic triterpenes are classified as acid and alcohol-
based on carboxyl moiety and methyl at the C-17 location. UA's in-
hibitory activities against T-cell multiplication revealed that the six 
E rings containing UA were found more effective. The inhibitory 
properties of pentacyclic triterpene were due to the presence of 
the methyl group on the E ring. The pentacyclic triterpenes of ol-
ive oil, including OA, MA, uvaol, and erythrodiol, have been tested 
for their immunomodulatory activity on human mononuclear cells 
for cytokine production. Erythrodiol showed resilient activity in 
down-regulating the production of IL-6. OA and uvaol have consid-
erably repressed the production of TNF-α at the highest concentra-
tion (100 μmol/L) while erythritol at the same attention did not 
show any effect [50]. 

MA-supplemented food has repressed tumor development in 
the small intestines of the ApcMin/+ mouse model by controlling 
the genes involved in modulatory pathways. The ApcMin/+ is a 
mouse model having point mutation (multiple intestinal neopla-
sias) in the APC gene. MA was found to inhibit prolonged inflam-
mation, which is responsible for enlarging adenomatous tumors 
formed in the intestine of ApcMin/+ [54]. The MA fraction anti-
modulatory activity was comparable with dexamethasone, but the 
effect was dependent on the specific compounds and cytokine. 

Phenolics and terpenoids of olives as anti-thrombotic agents 

Thrombosis is forming blood clots (thrombus) inside a blood 
vessel, which prevents blood circulation. It is a critical event in vas-
cular disorders responsible for worldwide morbidity and mortality 
[55]. The secondary metabolites of olive plants were reported to 
have anti-thrombotic effects. 

Phenolics of olive oil as anti-thrombotic agents

Thrombosis involves the cascades of adhesion, aggregation, and 
secretion by platelet activation, ultimately leading to death [56]. 
Coagulation and fibrinolysis are the two processes of thrombosis. 
The phenolics such as HXT, oleuropein, aglycone, and luteolin were 
reported as potent platelet aggregation inhibitors in several stud-
ies [57]. Consumption of virgin olive oil containing phenolic com-
pounds (400 mg/kg) by hyper cholesterol patients showed inhibi-
tion of various procoagulant factors (VII and CH) due to reduced 
platelet aggregation. 

Jose., et al. [58] evaluated the inhibitory effect of hydroxyty-
rosol acetate (HXT-AC) on thrombosis and compared the results 
with HXT and acetylsalicylic acid (ASA). The study's objective was 
to measure the invitro anti-aggregating activity of HXT-AC against 
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platelets present in human blood. Both HXT and HXT-AC inhibited 
platelets' aggregation, induced by arachidonic acid, adenosine di-
phosphate (ADP), and collagen in platelet-rich plasma (PRP) whole 
blood. HXT-AC and ASA both significantly impacted whole blood 
compared to PRP when these were used with collagen or ADP as an 
inducer. HXT-AC and ASA both showed a significant effect on PRP 
þ leucocytes compared to PRP alone. All three compounds can re-
duce the production of leucocyte 6-keto-prostaglandin F1a (6-ke-
to-PF1a) and platelet thromboxane B2. The inhibition ratio (which 
is an indirect index of the balanced prostanoid) of thromboxane/6-
keto-PGF1a was ten ·8 (SE 1), 1·0 (SE 0·1) and 3·3 (SE 0·2) for HXT-
AC, HXT, and ASA respectively.

Terpenoids of olives as anti-thrombotic agents

Aggregation of platelets is one of the crucial steps in the blood-
clotting process [59], whereas MUFA reduces platelet aggregation. 
Platelet-activating factor (PAF) is a resilient inflammatory lipid me-
diator required for platelet aggregation and necessary for stimulat-
ing and binding leukocytes to the endothelial cells. The polar lipid 
fraction of olive oil terpenoids is PAF antagonists as compared to 
other seed oils. 

The derivatives of the olive terpenoids were found to reduce the 
reactivity of human platelets. Brzosko., et al. [60] evaluated the im-
pact of virgin olive oil on thrombosis invivo and found that throm-
botic occlusion is delayed in the aortic loop. They also observed a 
reduction in the fibrinogen concentration with more minor platelet 
wall interactions. Another study by Cruz., et al. [61] used saturat-
ed fatty acid-enriched diet (SFAED) containing 15% olive oil and 
showed a reduction in platelet activation and vascular thromboge-
nicity in rabbits.

The regulation of platelet aggregation by MA and the molecular 
mechanism was determined. The platelet aggregation was insti-
gated by two means: enactment of protein kinase C (PKC) and by 
increment in cytosolic Ca2+. The impacts of MA on PKC enactment 
were studied by analyzing the phosphorylation level of myris-
toylated alanine-rich C kinase substrate (MARCKS), a phosphoryla-
tion substrate of PKC in human platelets indicated that MA treat-
ment restrained PKC [62]. 

Ca2+ and PKC induce the granule emission and stimulation of 
glycoprotein PAC-1 (GPIIb/IIIa) that act as a receptor of platelet 
conglomeration. MA suppresses platelet conglomeration via down-
regulating the activation of PKC and Ca2+ ions. Thereby, MA down-
regulates the platelet conglomeration by diminishing the outflows 

of P-selectin and PAC-1 in platelets. The regulation of vasomotion 
from the controlled formation of nitric oxide and endothelin 1 
(ET-1) empowers sufficient support of vascular homeostasis [63]. 
The effect of MA on nitric oxide (NO) and ET-1 were further studied 
to understand the MA mediated anti-aggregation. 

Phenolics and terpenoids of olives as anti-oxidative agents 

Oxidizing agents are low-molecular-weight compounds, severe-
ly damaging the cell walls/membranes, leading to cell death. The 
secondary metabolites from olive oil showed anti-oxidative prop-
erties in humans [64]. The anti-oxidative properties of phenolics 
and terpenoids found in olives are discussed in this section.

Phenolics of olives as anti-oxidative agents 

Oleuropein was found to inhibit the oxidation of low-density li-
poproteins (LDL) mediated by copper sulphate [65]. Visioli., et al. 
[65] demonstrated the scavenging action of oleuropein using hypo-
chlorous acid (HOCl). HOCl is mainly produced at the site of inflam-
mation by neutrophil myeloperoxidase and can create potential 
harm to the proteins. In their investigation, Coni., et al. [66] found 
that feeding rabbits with olive oil rich in oleuropein were found to 
expand obstruction of LDL oxidation and lower free, esterified, and 
total cholesterol in plasma. Puerta., et al. [67] reported the nitric 
oxide (NO) scavenging capacity of oleuropein, and it was found to 
increase the iNOS expression in the cell. Visioli., et al. [68] reported 
that ingestion of oleuropein into the human body was found to de-
crease the secretion of 8-iso-PGF2α in a dose-dependent manner. 

The HXT of olive oil is a powerful natural anti-oxidant and two 
times more potent than coenzyme Q10 [69]. The HXT has a struc-
tural affinity for certain groups of compounds containing amino 
groups. The simple structure of HXT makes it easy to assimilate by 
the human body. European Food and Safety Authority in 2012 ap-
proved HXT as a cardiovascular system protector which avoids the 
oxidation of low-density lipid (LDL) cholesterol by its free radicals 
and prevents atherosclerosis and normal high-density lipid (HDL) 
in blood [70]. The consumption of HXT regulates the concentration 
of glutathione and delivers anti-oxidant enzymes to lipid tissue. 
This compound was found to control the intracellular redox state 
and protect the cell from oxidative damage. 

Terpenoids of olives as anti-oxidative agents

MA is known to suppress inducible iNOS and COX-2 at the tran-
scription and translational level [71]. MA is known to inhibit LPS 
mediated NO production. The inhibition of NO formation by OA and 
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MA was described in murine RAW 264.7 cells. MA decreases the 
generation of reactive oxygen species (ROS) in breast malignancy 
cells [49]. Triterpenes can protect cells against H2O2 initiated DNA 
damage in various leukemic 96 and human breast malignancy cell 
lines. Triterpenes decrease ROS, NO levels and reduce vascular en-
dothelial growth factor (VEGF) [72].

OA reduces the H2O2 or MMP+ mediated cell death and secretes 
lactate dehydrogenase (LDH), which reduces the oxidative pres-
sure in PC12 cells. It spares glutathione (GSH), raising the action of 
catalase and superoxide dismutase (SOD), which reduces the secre-
tion of TNF-α and IL-6. The reduction of ROS and proteins related 
to oxidative stress is another anti-oxidative effect of OA [73].

Control of SARS-CoV-2 using phenolics and terpenoids of olives

COVID-19 pandemic spread can be controlled by using certain 
disinfectants. Various chemical disinfectants are used to destroy 
the presence of virus particles. Few studies showed that these 
chemical disinfectants have side effects and not economical for 
large-scale disinfection. To overcome the challenges, scientists are 
looking for alternative options using natural compounds that are 
safe, effective, and economical [74]. The triterpenoids of Olea euro-
paea L can destroy the infectious agents. The triterpenoids found in 
olive gum oil were used for fumigation [75]. Oleanane triterpenes, 
the derivative of oleanolic acid, was reported to inhibit the corona-
virus; hence, these derivatives can prepare disinfectants. Scientists 
are continuously researching various natural biomolecules to find 
effective ones against SARS-CoV-2 using multiple tools such as mo-
lecular dock, computer simulation, silicon absorption, distribution, 
metabolism, and excretion (ADMET). The molecular dock studies 
are conducted to study the interaction between ligand and target 
molecules.

In a simulation study, binding affinities of ligand to the tar-
get molecule and conformational changes were analyzed [76]. 
The chymotrypsin-like protease (3CLpro) and principal protease 
(Mpro/6LU7) parts of COVID-19 are essential for replicating the 
virus, and these two are primary targets for many potential drugs. 
These proteases have been organized and deposited in a protein 
data bank (PDB) and are open to the public for research [77]. 
Khaerunnisa Siti., et al. [78] performed molecular docking studies 
with oleuropein of olive oil and Mpro of the virus. They have used 
Autodock 4.2, Biovia Discovery Studio 4.5 with the Lamarckian 
Genetic Algorithm, and Pymol version 1.7.4.5 Edu. They have ana-
lyzed the likelihood of docking oleuropein with Mpro (6LU7). The 

study found that oleuropein with the 6LU7 amino acids through 
hydrogen bonds (Glu166, His163, Leu141, and Tyr54) showed the 
binding energy of -7.83 kcal/mol for Mpro.

Similarly, the oleanolic acid found in Olea europaea was analyzed 
for its inhibitory activity on proteases of SARS-CoV-2 by molecular 
docking [79]. Two proteases, 6LU7 and 6Y2E of SARS-CoV-2, were 
used for this investigation. PyMOL and Biovia Discovery Studio 
20.1.0 visualized the protein-ligand and structure interactions. The 
results suggest that oleanolic acid has -7.8 and -8.0 binding affini-
ties (kcal/mol) for 6LU7 and 6Y2E proteases. These affinity results 
indicate that oleanolic acid effectively binds with viral proteases 
and is predicted to inhibit virus replication. In another study, Vard-
han and Sahoo [80] used maslinic acid as a ligand against RBD of 
SARS-CoV-2, S protein. The maslinic acid shown-9.3 binding affin-
ity (Kcal/mole) for RBD and was mainly interacting with three dif-
ferent sites of S protein and predicted to affect the binding of S pro-
tein with ACE2 receptor of the target it could inhibit the access of 
SARS-CoV-2 into the host cell. They have additionally tested the in-
teraction of maslinic acid with the ACE2 receptor. In the interaction 
study, maslinic acid had shown -10.2 binding affinity (Kcal/mole) 
for ACE2. In addition to this, they have tested the OA and UA of olive 
oil against the 3CLpro protease of SARS-CoV-2. The protease 3CLpro 
is indispensable for the translation and replication of a virus. They 
found that OA and UA both have a binding affinity of -8.9 for 3CLpro 
protease. Therefore, oleuropein, oleanolic acid, maslinic acid, and 
ursolic acid were found to prevent COVID-19. However, further ex-
ploration is essential to examine the therapeutic use of the olive 
bioactive compound to control COVID-19.

Conclusion 
The olive plant and its products are rich sources of various plant 

secondary metabolites. The oleuropein, hydroxytyrosol, oleanolic 
acid, and maslinic acid from olives have been used as an effec-
tive anti-viral agent for treating many other diseases. In molecu-
lar docking investigation, it was discovered that the oleuropein, 
oleanolic acid, and maslinic acid had shown the highest affinity 
to Mpro and 3CLpro parts of SARS-CoV-2, which are essentially re-
quired for virus reproduction and found encouraging future drugs 
against COVID-19. Apart from anti-viral properties, these bioactive 
compounds interfere and modulate various signaling pathways 
and possess multiple properties such as anti-inflammatory, anti-
modulatory, anti-thrombotic and anti-oxidant properties. These 
compounds were known to control the cytokine storms observed 
during various viral infections and other diseases. The virgin ol-
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ive oil produced from olive fruit by the mechanical press is a rich 
source of all the bioactive compounds. Hence, olive oil should be a 
part of our daily diet to harness the potential health benefits and 
boost immunity against COVID-19. The olive oil can also be applied 
all over the body as a preventive measure to avoid the virus infec-
tion. The oleanane, a triterpenoid extracted from the olive plant, 
was reported as a safe and effective fumigant and was used to pre-
vent the spread of infectious biological agents. Hence, the olive oil/
the olive plant or leaf extracts can be used to prepare hand sanitiz-
ers and body lotions/soaps to control the COVID-19. With all this 
proven scientific evidence of anti-viral, potential health benefits, 
and general safety, these compounds can be considered for future 
pharmaceutical developments against SARS-CoV-2 or other viral 
diseases. Considering the current situation and absence of any ef-
fective therapy or vaccine for novel corona virus, clinical studies 
should be conducted with these compounds to prove the efficacy 
and provide affordable and risk-free treatment to COVID-19. 

Conflicts of Interest
All the authors declare that there is no conflict of interest.

108

Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management

Citation: Chandrashekharaiah PS., et al. “Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management". Acta Scientific  
Microbiology 4.7 (2021): 98-111.

Bibliography
1. Wu A., et al. “Genome composition and divergence of the novel 

coronavirus (2019-nCoV) originating in Chinaˮ. Cell Host and 
Microbe 7.3 (2020): 325-328.

2. Das S., et al. “An investigation into identifying potential inhibi-
tors of SARS-CoV-2 main protease using molecular docking 
study”. Journal of Biomolecular Structure and Dynamics 13 
(2020): 1-11.

3. National Health Commission of China (2020). 

4. Ganjhu RK., et al. “Herbal plants, and plant preparations as re-
medial approach for viral diseasesˮ. Virus Disease 26 (2015): 
225-236.

5. Covas MI., et al. “Minor Bioactive Olive Oil Components and 
Health: Key Data for Their Role in Providing Health Benefits 
in Humans. In Olive and Olive Oil Bioactive Constituents”. Else-
vier, Inc.: Philadelphia, PA, USA, 31 (2015).

6. Heurich A. et al. “TMPRSS2 and ADAM17 Cleave ACE2 Differ-
entially and Only Proteolysis by TMPRSS2 Augments Entry 
Driven by the Severe Acute Respiratory Syndrome Coronavi-
rus Spike Proteinˮ. Journal of Virology 88 (2014): 1293-1307.

7. Chen N., et al. “Epidemiological and clinical characteristics of 
99 cases of 2019 novel coronavirus pneumonia in Wuhan, Chi-
na: a descriptive studyˮ. Lancet 395.10223 (2020): 507-513.

8. Opal SM. “Interactions between coagulation and 
inflammationˮ. Scandinavian Journal of Infectious Diseases 35 
(2003): 545-554.

9. Xu XT., et al. “Evolution of the novel coronavirus from the on-
going Wuhan outbreak and modeling of its spike protein for 
risk of human transmission”. Science China Life Sciences 63.3 
(2020): 457-460.

10. Li H., et al. “SARS-CoV-2 and viral sepsis: Observations and 
hypothesesˮ. Lancet 395 (2020): 1517-1520.

11. Yan Y., et al. “Antimalaria drug chloroquine is highly effective 
in treating avian influenza A H5N1 virus infection in an animal 
modelsˮ. Cell Research 23 (2013): 300-302.

12. Zhang W., et al. “The use of anti-inflammatory drugs in the 
treatment of people with severe corona virus disease 2019 
(COVID-19): The experience of clinical immunologists from 
China”. Clinical Immunology (2020): 108393.

13. Hongzhou L. “Efficacy and safety of Darunavir and Cobicistat 
for Treatment of Pneumonia Caused by 2019-nCoV”. (2020). 

14. Sandro G., et al. “Clinical trials on drug repositioning for CO-
VID-19 treatmentˮ. Pan American Journal of Public Health 44 
(2020): e40.

15. Caly L., et al. “The FDA-approved drug ivermectin inhibits the 
replication of SARS-CoV-2 in vitro”. Antiviral Research 178 
(2020): 104787.

16. Hoffmann M., et al. “The novel coronavirus 2019 (2019-
nCoV) uses the SARS-coronavirus receptor ACE2 and the cel-
lular protease TMPRSS2 for entry into target cells”. bioRxivn 
(2020): 01.31.929042.

17. Agostini ML., et al. “Coronavirus Susceptibility to the Antivi-
ral Remdesivir (GS-5734) Is Mediated by the Viral Polymerase 
and the Proofreading Exoribonuclease”. mBio 9 (2018): 
e00221-318.

18. Zumla A., et al. “Coronaviruses-drug discovery and therapeutic 
options”. Nature Reviews Drug Discovery 15 (2016): 327-347.

https://www.sciencedirect.com/science/article/pii/S193131282030072X
https://www.sciencedirect.com/science/article/pii/S193131282030072X
https://www.sciencedirect.com/science/article/pii/S193131282030072X
https://www.tandfonline.com/doi/full/10.1080/07391102.2020.1763201
https://www.tandfonline.com/doi/full/10.1080/07391102.2020.1763201
https://www.tandfonline.com/doi/full/10.1080/07391102.2020.1763201
https://www.tandfonline.com/doi/full/10.1080/07391102.2020.1763201
http://www.nhc.gov.cn/xcs/yqtb/202007/bbfecf7f86724c4f902a5cca6fb0387e.shtml
https://pubmed.ncbi.nlm.nih.gov/26645032/
https://pubmed.ncbi.nlm.nih.gov/26645032/
https://pubmed.ncbi.nlm.nih.gov/26645032/
https://pubmed.ncbi.nlm.nih.gov/24227843/
https://pubmed.ncbi.nlm.nih.gov/24227843/
https://pubmed.ncbi.nlm.nih.gov/24227843/
https://pubmed.ncbi.nlm.nih.gov/24227843/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/14620133/
https://pubmed.ncbi.nlm.nih.gov/14620133/
https://pubmed.ncbi.nlm.nih.gov/14620133/
https://pubmed.ncbi.nlm.nih.gov/32009228/
https://pubmed.ncbi.nlm.nih.gov/32009228/
https://pubmed.ncbi.nlm.nih.gov/32009228/
https://pubmed.ncbi.nlm.nih.gov/32009228/
https://pubmed.ncbi.nlm.nih.gov/32311318/
https://pubmed.ncbi.nlm.nih.gov/32311318/
https://pubmed.ncbi.nlm.nih.gov/23208422/
https://pubmed.ncbi.nlm.nih.gov/23208422/
https://pubmed.ncbi.nlm.nih.gov/23208422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102614/
https://clinicaltrials.gov/ct2/show/NCT04252274
https://clinicaltrials.gov/ct2/show/NCT04252274
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105280/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105280/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105280/
https://www.sciencedirect.com/science/article/pii/S0166354220302011
https://www.sciencedirect.com/science/article/pii/S0166354220302011
https://www.sciencedirect.com/science/article/pii/S0166354220302011
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1
https://pubmed.ncbi.nlm.nih.gov/29511076/
https://pubmed.ncbi.nlm.nih.gov/29511076/
https://pubmed.ncbi.nlm.nih.gov/29511076/
https://pubmed.ncbi.nlm.nih.gov/29511076/
https://pubmed.ncbi.nlm.nih.gov/26868298/
https://pubmed.ncbi.nlm.nih.gov/26868298/


109

Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management

Citation: Chandrashekharaiah PS., et al. “Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management". Acta Scientific  
Microbiology 4.7 (2021): 98-111.

19. De Clercq E. “New nucleoside analogues for the treatment of 
hemorrhagic fever virus infections”. Chemistry - An Asian Jour-
nal 14 (2019): 3962-3968.

20. Russell CD., et al. “Clinical evidence does not support corti-
costeroid treatment for 2019-nCoV lung injuryˮ. Lancet 395 
(2020): 473-475.

21. Sanders JM., et al. “Pharmacologic Treatments for Coronavirus 
Disease 2019 (COVID-19) A Reviewˮ. Journal of the American 
Medical Association 323.18 (2020).

22. Clinical trials Arena. “Incyte begins Phase III trial of ruxolitinib 
to treat Covid-19” (2020).

23. Shen C., et al. treatment of 5 critically ill patients with CO-
VID-19 with convalescent plasmaˮ. Journal of the American 
Medical Association (2020).

24. Duffy S. “Why are RNA virus mutation rates so damn high?” 
PLOS Biology 16 (2018): e3000003.

25. Oliveira AFCS., et al. “Potential anti-virals: Natural products 
targeting replication enzymes of dengue and Chikungunya 
virusesˮ. Molecules 22.3 (2017): 505. 

26. Adem S., et al. “Identification of potent covid-19 main prote-
ase (mpro) inhibitors from natural polyphenols: an in-silico 
strategy unveils a hope against CORONA”. Preprints (2020): 
PPR2020030333.

27. Nadia C., et al. “Olive Oil, the Mediterranean Diet”. Academic 
Press 13 (2015): 135-142.

28. Sobiesiak M. “Chemical Structure of Phenols and Its Conse-
quence for Sorption Processes”. Phenolic Compounds - Natu-
ral Sources, Importance and Applications (2017).

29. Quesada CS., et al. “Bioactive Properties of the Main Triter-
penes Found in Olives, Virgin Olive Oil, and Leaves of Olea 
europaea”. Journal of Agricultural and Food Chemistry 61.50 
(2013): 12173-12182.

30. Wink M. 2015. “Modes of action of herbal medicines and plant 
secondary metabolitesˮ. Medicines 2 (2015): 251-286.

31. Lee-Huang S., et al. “Discovery of small-molecule HIV-1 fu-
sion and integrase inhibitors oleuropein and hydroxytyrosol”. 
Biochemical and Biophysical Research Communications 354 
(2007): 872-878.

32. Guiqin Z., et al. “Anti-viral efficacy against hepatitis B virus 
replication of oleuropein isolated from Jasminum officinale L. 
var. grandiflorumˮ. Journal of Ethnopharmacology 125 (2009): 
265-268. 

33. Kentaro Y., et al. “Mechanism of the anti-viral effect of hydroxy-
tyrosol on influenza virus appears to involve morphological 
change of the virus”. Antiviral Research 83 (2009): 35-44. 

34. Kong L., et al. “Oleanolic acid and ursolic acid: Novel hepatitis C 
virus anti-virals that inhibit NS5B activityˮ. Antiviral Research 
98 (2013): 44-53.

35. Hattori M., et al. “Survey of anti-HIV and anti-HCV compounds 
from Natural sources”. Canadian Chemical Transactions 1.2 
(2013): 116-140.

36. Passero L., “Exacerbation of Leishmania (Viannia) shawi infec-
tion in BALB/c mice after immunization with soluble antigen 
from amastigote formsˮ. Acta Pathologica, Microbiologica, et 
Immunologica Scandinavica 118.12 (2010): 973-981.

37. Kotas ME and Medzhitov R. “Homeostasis, Inflammation, and 
Disease Susceptibility”. Cell 160 (2015): 816-827.

38. Muto E., et al. “Olive oil phenolic extract regulates interleu-
kin-8 expression by transcriptional and posttranscriptional 
mechanisms in Caco-2 cellsˮ. Molecular Nutrition and Food Re-
search 59 (2015): 1217-1221.

39. Impellizzeri D., et al. “The effects of oleuropein aglycone, an 
olive oil compound, in a mouse model of carrageenan-induced 
pleurisy”. Clinical nutrition 30 (2011): 533-540.

40. Visioli F., et al. “Anti-oxidant and other biological activities of 
phenols from olives and olive oil”. Medicinal Research Reviews 
22 (2002): 65-75. 

41. Granados-Principal S., et al. “Hydroxytyrosol inhibits growth 
and cell proliferation and promotes high expression of sfrp4 
in rat mammary tumoursˮ. Molecular Nutrition and Food Re-
search 55 (2011): S117-S126.

42. Silva S., et al. “Protective effects of hydroxytyrosol-supple-
mented refined olive oil in animal models of acute inflamma-
tion and rheumatoid arthritis”. The Journal of Nutritional Bio-
chemistry 26 (2015): 360-368.

43. Kashyap D., et al. “Ursolic acid (UA): A metabolite with promis-
ing therapeutic potentialˮ. Life Sciences 146 (2016): 201-213. 

https://pubmed.ncbi.nlm.nih.gov/31389664/
https://pubmed.ncbi.nlm.nih.gov/31389664/
https://pubmed.ncbi.nlm.nih.gov/31389664/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7134694/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7134694/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7134694/
https://pubmed.ncbi.nlm.nih.gov/32282022/
https://pubmed.ncbi.nlm.nih.gov/32282022/
https://pubmed.ncbi.nlm.nih.gov/32282022/
https://doi.org/10.1001/jama.2020.4783
https://doi.org/10.1001/jama.2020.4783
https://doi.org/10.1001/jama.2020.4783
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000003
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000003
https://pubmed.ncbi.nlm.nih.gov/28327521/
https://pubmed.ncbi.nlm.nih.gov/28327521/
https://pubmed.ncbi.nlm.nih.gov/28327521/
https://europepmc.org/article/ppr/ppr118619
https://europepmc.org/article/ppr/ppr118619
https://europepmc.org/article/ppr/ppr118619
https://europepmc.org/article/ppr/ppr118619
http://dx.doi.org/10.5772/66537
http://dx.doi.org/10.5772/66537
http://dx.doi.org/10.5772/66537
https://pubmed.ncbi.nlm.nih.gov/24279741/
https://pubmed.ncbi.nlm.nih.gov/24279741/
https://pubmed.ncbi.nlm.nih.gov/24279741/
https://pubmed.ncbi.nlm.nih.gov/24279741/
https://pubmed.ncbi.nlm.nih.gov/28930211/
https://pubmed.ncbi.nlm.nih.gov/28930211/
https://pubmed.ncbi.nlm.nih.gov/17275783/
https://pubmed.ncbi.nlm.nih.gov/17275783/
https://pubmed.ncbi.nlm.nih.gov/17275783/
https://pubmed.ncbi.nlm.nih.gov/17275783/
https://pubmed.ncbi.nlm.nih.gov/19580857/
https://pubmed.ncbi.nlm.nih.gov/19580857/
https://pubmed.ncbi.nlm.nih.gov/19580857/
https://pubmed.ncbi.nlm.nih.gov/19580857/
https://pubmed.ncbi.nlm.nih.gov/19501255/
https://pubmed.ncbi.nlm.nih.gov/19501255/
https://pubmed.ncbi.nlm.nih.gov/19501255/
https://pubmed.ncbi.nlm.nih.gov/23422646/
https://pubmed.ncbi.nlm.nih.gov/23422646/
https://pubmed.ncbi.nlm.nih.gov/23422646/
https://www.researchgate.net/publication/284678279_Survey_of_anti-HIV_and_anti-HCV_compounds_from_Natural_sources
https://www.researchgate.net/publication/284678279_Survey_of_anti-HIV_and_anti-HCV_compounds_from_Natural_sources
https://www.researchgate.net/publication/284678279_Survey_of_anti-HIV_and_anti-HCV_compounds_from_Natural_sources
https://pubmed.ncbi.nlm.nih.gov/21091779/
https://pubmed.ncbi.nlm.nih.gov/21091779/
https://pubmed.ncbi.nlm.nih.gov/21091779/
https://pubmed.ncbi.nlm.nih.gov/21091779/
https://pubmed.ncbi.nlm.nih.gov/25723161/
https://pubmed.ncbi.nlm.nih.gov/25723161/
https://pubmed.ncbi.nlm.nih.gov/25708117/
https://pubmed.ncbi.nlm.nih.gov/25708117/
https://pubmed.ncbi.nlm.nih.gov/25708117/
https://pubmed.ncbi.nlm.nih.gov/25708117/
https://pubmed.ncbi.nlm.nih.gov/21411195/
https://pubmed.ncbi.nlm.nih.gov/21411195/
https://pubmed.ncbi.nlm.nih.gov/21411195/
https://pubmed.ncbi.nlm.nih.gov/11746176/
https://pubmed.ncbi.nlm.nih.gov/11746176/
https://pubmed.ncbi.nlm.nih.gov/11746176/
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201000220
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201000220
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201000220
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201000220
https://pubmed.ncbi.nlm.nih.gov/25620693/
https://pubmed.ncbi.nlm.nih.gov/25620693/
https://pubmed.ncbi.nlm.nih.gov/25620693/
https://pubmed.ncbi.nlm.nih.gov/25620693/
https://pubmed.ncbi.nlm.nih.gov/26775565/
https://pubmed.ncbi.nlm.nih.gov/26775565/


110

Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management

Citation: Chandrashekharaiah PS., et al. “Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management". Acta Scientific  
Microbiology 4.7 (2021): 98-111.

44. Wonhwa L., et al. “Anti-inflammatory effects of oleanolic acid 
on LPS-induced inflammation in vitro and in vivo”. Inflamma-
tion 36.1 (2013): 94-102. 

45. Takada K., et al. “Ursolic acid and oleanolic acid, members of 
pentacyclic triterpenoid acids, suppress TNF--induced E-se-
lectin expression by cultured umbilical vein endothelial cellsˮ. 
Phytomedicine 17.14 (2010): 1114-1119. 

46. Banno N., et al. “Anti-inflammatory and antitumor-promoting 
effects of the triterpene acids from the leaves of Eriobotrya ja-
ponica”. Biological and Pharmaceutical Bulletin 28.10 (2005): 
1995-1999.

47. Li C., et al. “Maslinic acid suppresses osteoclastogenesis 
and prevents ovariectomy-induced bone loss by regulating 
RANKL-mediated NF-𝜅B and MAPK signaling pathwaysˮ. Jour-
nal of Bone and Mineral Research 26.3 (2011): 644-656.

48. Marquez-Martin A., et al. “Modulation of cytokine secretion by 
pentacyclic triterpenes from olive pomace oil in human mono-
nuclear cells”. Cytokines 36 (2006): 211-217.

49. Allouche Y., et al. “Anti-oxidant, antiproliferative, and pro-
apoptotic capacities of pentacyclic triterpenes found in the 
skin of olives on MCF-7 human breast cancer cells and their ef-
fects on DNA damageˮ. Journal of Agricultural and Food Chem-
istry 59 (2011): 121-130.

50. Martin R., et al. “DIOL triterpenes block profibrotic effects of 
angiotensin II and protect from cardiac hypertrophyˮ. PLOS 
One 7 (2012): e41545.

51. Seung-Hyung K., et al. “Oleanolic acid suppresses ovalbumin-
induced airway inflammation and Th2- mediated allergic 
asthma by modulating the transcription factors Tbet, GATA-3, 
RORt and Foxp3 in asthmatic mice”. International Immuno-
pharmacology 18.2 (2014): 311-324.

52. Teresa V., et al. “Immunomodulatory properties of Olea euro-
paea leaf extract in intestinal inflammation”. Molecular Nutri-
tion and Food Research 61.10 (2017): 1601066.

53. Ayatollahi A., et al. “Pentacyclic triterpenes in euphorbia mi-
crosciadia with their T-cell proliferation activity”. Iranian Jour-
nal of Pharmaceutical Research 10.2 (2011): 287-294.

54. Sanchez-Tena, S., et al. “Maslinic acid-enriched diet decreases 
intestinal tumorigenesis in ApcMin/+ mice through tran-

scriptomic and metabolomic reprogrammingˮ. PLOS One 8.3 
(2013): e59392.

55. Yujiro A., et al. “Thrombus Formation and Propagation in the 
Onset of Cardiovascular Events”. Journal of Atherosclerosis and 
Thrombosis 25 (2018): 653-664. 

56. Ewelina M., et al. “Platelet secretion: From haemostasis to 
wound healing and beyondˮ. Blood Reviews 29.3 (2015): 153-
162. 

57. Cicerale S., et al. “Biological activities of phenolic compounds 
present in virgin olive oil”. International Journal of Molecular 
Sciences 11 (2010): 458-479. 

58. Jose A., et al. “Virgin olive oil polyphenol hydroxytyrosol ac-
etate inhibits in vitro platelet aggregation in human whole 
blood: comparison with hydroxytyrosol and acetylsalicylic 
acidˮ. British Journal of Nutrition 101 (2009): 1157-1164.

59. Smith RD., et al. “Long-term monounsaturated fatty acid diets 
reduce platelet aggregation in healthy young subjects”. British 
Journal of Nutrition 90 (2003): 597-606.

60. Brzosko S., et al. “Effect of extra virgin olive oil on experimen-
tal thrombosis and primary hemostasis in ratsˮ. Nutrition, Me-
tabolism and Cardiovascular Diseases 12 (2002): 337-342.

61. De la Cruz JP., et al. “Anti-thrombotic potential of olive oil ad-
ministration in rabbits with elevated cholesterol”. Thrombosis 
Research 100 (2000): 305-315.

62. Elzagallaai A., et al. “Platelet secretion induced by phorbol 
esters stimulation is mediated through phosphorylation of 
MARCKS: A MARCKS-derived peptide blocks MARCKS phos-
phorylation and serotonin release without affecting pleckstrin 
phosphorylation”. Blood 95.3 (2000): 894-902.

63. Verhamme P and Hoylaerts M. “The pivotal role of the endo-
thelium in haemostasis and thrombosisˮ. Acta Clinica Belgica 
61.5 (2006): 213-219.

64. Weinbrenner T., et al. “Olive oils high in phenolic compounds 
modulate oxidative/anti-oxidative status in men”. The Journal 
of Nutrition 134 (2004): 2314-2321.

65. Visioli F., et al. “Biological activities and metabolic fate of olive 
oil phenolsˮ. European Journal of Lipid Science and Technology 
104 (2002): 677-684.

https://pubmed.ncbi.nlm.nih.gov/22875543/
https://pubmed.ncbi.nlm.nih.gov/22875543/
https://pubmed.ncbi.nlm.nih.gov/22875543/
https://pubmed.ncbi.nlm.nih.gov/20579861/
https://pubmed.ncbi.nlm.nih.gov/20579861/
https://pubmed.ncbi.nlm.nih.gov/20579861/
https://pubmed.ncbi.nlm.nih.gov/20579861/
https://pubmed.ncbi.nlm.nih.gov/16204964/
https://pubmed.ncbi.nlm.nih.gov/16204964/
https://pubmed.ncbi.nlm.nih.gov/16204964/
https://pubmed.ncbi.nlm.nih.gov/16204964/
https://pubmed.ncbi.nlm.nih.gov/20814972/
https://pubmed.ncbi.nlm.nih.gov/20814972/
https://pubmed.ncbi.nlm.nih.gov/20814972/
https://pubmed.ncbi.nlm.nih.gov/20814972/
https://www.sciencedirect.com/science/article/abs/pii/S1043466606003449
https://www.sciencedirect.com/science/article/abs/pii/S1043466606003449
https://www.sciencedirect.com/science/article/abs/pii/S1043466606003449
https://pubmed.ncbi.nlm.nih.gov/21142067/
https://pubmed.ncbi.nlm.nih.gov/21142067/
https://pubmed.ncbi.nlm.nih.gov/21142067/
https://pubmed.ncbi.nlm.nih.gov/21142067/
https://pubmed.ncbi.nlm.nih.gov/21142067/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041545
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041545
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041545
https://pubmed.ncbi.nlm.nih.gov/24374304/
https://pubmed.ncbi.nlm.nih.gov/24374304/
https://pubmed.ncbi.nlm.nih.gov/24374304/
https://pubmed.ncbi.nlm.nih.gov/24374304/
https://pubmed.ncbi.nlm.nih.gov/24374304/
https://pubmed.ncbi.nlm.nih.gov/28731213/
https://pubmed.ncbi.nlm.nih.gov/28731213/
https://pubmed.ncbi.nlm.nih.gov/28731213/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3828914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3828914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3828914/
https://pubmed.ncbi.nlm.nih.gov/23527181/
https://pubmed.ncbi.nlm.nih.gov/23527181/
https://pubmed.ncbi.nlm.nih.gov/23527181/
https://pubmed.ncbi.nlm.nih.gov/23527181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6099067/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6099067/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6099067/
https://pubmed.ncbi.nlm.nih.gov/25468720/
https://pubmed.ncbi.nlm.nih.gov/25468720/
https://pubmed.ncbi.nlm.nih.gov/25468720/
https://pubmed.ncbi.nlm.nih.gov/20386648/
https://pubmed.ncbi.nlm.nih.gov/20386648/
https://pubmed.ncbi.nlm.nih.gov/20386648/
https://pubmed.ncbi.nlm.nih.gov/18775097/
https://pubmed.ncbi.nlm.nih.gov/18775097/
https://pubmed.ncbi.nlm.nih.gov/18775097/
https://pubmed.ncbi.nlm.nih.gov/18775097/
https://pubmed.ncbi.nlm.nih.gov/13129466/
https://pubmed.ncbi.nlm.nih.gov/13129466/
https://pubmed.ncbi.nlm.nih.gov/13129466/
https://pubmed.ncbi.nlm.nih.gov/12669681/
https://pubmed.ncbi.nlm.nih.gov/12669681/
https://pubmed.ncbi.nlm.nih.gov/12669681/
https://pubmed.ncbi.nlm.nih.gov/11113274/
https://pubmed.ncbi.nlm.nih.gov/11113274/
https://pubmed.ncbi.nlm.nih.gov/11113274/
https://pubmed.ncbi.nlm.nih.gov/10648401/
https://pubmed.ncbi.nlm.nih.gov/10648401/
https://pubmed.ncbi.nlm.nih.gov/10648401/
https://pubmed.ncbi.nlm.nih.gov/10648401/
https://pubmed.ncbi.nlm.nih.gov/10648401/
https://pubmed.ncbi.nlm.nih.gov/17240734/
https://pubmed.ncbi.nlm.nih.gov/17240734/
https://pubmed.ncbi.nlm.nih.gov/17240734/
https://pubmed.ncbi.nlm.nih.gov/15333722/
https://pubmed.ncbi.nlm.nih.gov/15333722/
https://pubmed.ncbi.nlm.nih.gov/15333722/
https://onlinelibrary.wiley.com/doi/abs/10.1002/1438-9312%28200210%29104%3A9/10%3C677%3A%3AAID-EJLT677%3E3.0.CO%3B2-M
https://onlinelibrary.wiley.com/doi/abs/10.1002/1438-9312%28200210%29104%3A9/10%3C677%3A%3AAID-EJLT677%3E3.0.CO%3B2-M
https://onlinelibrary.wiley.com/doi/abs/10.1002/1438-9312%28200210%29104%3A9/10%3C677%3A%3AAID-EJLT677%3E3.0.CO%3B2-M


111

Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management

Citation: Chandrashekharaiah PS., et al. “Therapeutic Potential of Olive's Bioactive Compounds in COVID-19 Disease Management". Acta Scientific  
Microbiology 4.7 (2021): 98-111.

66. Coni E., et al. “Protective effect of oleuropein, an olive oil bio-
phenol, on low-density lipoprotein oxidizability in rabbits”. 
Lipids 35 (2000): 45-54.
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