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COVID-19

Coronavirus disease 2019 (COVID-19) is an infectious disease caused 

by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Confirmed

10.1M

Recovered

5.14M

Deaths

502K



COVID-19

❖ A self-digesting mechanism- removal of long lived proteins, 

damaged organelles and invasive microbes.

❖ Cell content- delivered to lysosome.

❖ Induced at nutrient starvation- bulk degradation.

Autophagy (or autophagocytosis)

microbial infection, inflammatory disease, immune disease, pulmonary disease, heart and cardiovascular 

disorders, kidney disease, metabolic disease, and neurodegenerative disorders (Alzheimer’s disease, 

amyotrophic lateral sclerosisnand Parkinson’s disease. 









When autophagy meets viruses: a 

double-edged sword with functions in 

defense and offense



Cross-talk of autophagy and innate immune response

type I interferon (IFN) 

pathway 

Induction of autophagy

Viral infection

IFN













Cross-talk between 
innate immune response 
and autophagy leads to 

generates an optimal 
antiviral milieu.



1. Autophagy-mediated restriction of viral replication

2. Autophagy-mediated viral antigen presentation; adaptive immune 

response

Autophagy as antiviral defense system



Autophagy-mediated restriction of viral replication

by degrading viral components, viral particles or even host factors 

required for viral replication

• Virophagy targets neosynthesized viral components

• Xenophagy targets entire viral particles



Autophagy-mediated viral antigen presentation

• Autophagy for optimal antigen processing for MHC class II 

presentation and MHC class I presentation. 

• autophagy-mediated exocytosis of antigens in vesicular 

compartments supports cross-presentation on MHC class I 

molecules.







Autophagy under arrest

Viruses can escape or take the control of autophagy 
pathway



Viral evasion of autophagic degradation



mTORC1

Beclin-1



interaction of viral 

proteins that mimic 

BCL-2 protein and 

Beclin 1







Proviral Functions 

of Autophagy
abetting the enemy





Implication of autophagy in CoVs infection

decreases the level of beclin
1 and blocks fusion of
autophagosomes with
lysosomes

MERS

NSP6 protein induces the 
formation of autophagosomes 
but confines their expansion 
and blocks their maturation 
into autolysosomes

SARS and MHV

nsp 8 and N-protein are 
colocalized with LC3 at the 
first stages of the infection, 
inducing autophagy pathway

SARS-CoV-2

SARS-CoV-2 infection 
could possibly induce 
autophagy via UPR 
induction in the cells

SARS-CoV-2





inhibition of 

autophagosome 

formation 

Induction of 

fusion 

Inhibitors of autophagosome formation and 

inducers of autolysosome formation could be 

considered as potential therapeutic  targets,





Drug Mechanism Side effects

CQ/HCQ Inhibits autophagy flux by decreasing 

autophagosome-lysosome fusion

Retinopathy, gastrointestinal effects, 

cardiomyopathy, myopathy

Corticosteroids Inhibits autophagy by blocking LC3 

recruitment

Myopathy,osteopenia/osteoporosis,d

ecreased sex hormones

Emtricitabine/Tenofovi

r

Decreases fusion of autophagosomes with 

lysosomes

Renal toxicity

Interferon alfa-2b Induces autophagy and accumulation of 

autolysosomes

Flu-like symptoms, nausea, anorexia, 

depression, confusion,

Lopinavir/Ritonavir Induces autophagosome accumulation Gastrointestinal effects, headache, 

diabetes, hyperbilirubinemia,

Ruxolitinib Downregulates the MTORC1-RPS6KB-

EIF4EBP1 pathway, induces accumulation 

of autophagosomes

Anemia, pancytopenia



Phytochemicals
are of plant origin chemicals produced through primary or secondary metabolism



Health Benefits

Phytochemicals 

Cancer preventive, reduce risk of coronary heart disease,
Antibacterial, anticancer, antifungal, anti-inflammatory,
chemopreventive, hepato-protective, hypolipidemic,
hypotensive, and neuroprotective, Anti-allergic, anti-
inflammatory, antioxidants, and pigments Antispasmodic,
chemo-preventive, induce apoptosis, and inhibits breast
and ovarian cancers anti-fatigue and anti-stress
properties Anti-carcinogenic, enhances release of
immunogenic cytokines IL-1 and TNF-alpha, provide
cornea protection against UV light, stimulate DNA repair
enzymes, CNS stimulant, and Diuretic, Protect against
cancer, bone degeneration, menopausal symptoms (hot
flushes) .



Phytochemicals are autophagic modulators

✓ Berberine from Coptidis rhizoma that triggers autophagy (Mohammadinejad et al. 2019)

✓ Kaempferol treatment enhance the level of the autophagosomal marker LC3-II (Filomeni et al., 2012)

✓ Catechins increase and decreased the expression of the autophagy marker LC3-II and p62 respectively (Lee et

al., 2015)

✓ Curcumin treatment at 200 and 300 mg/kg/day for 2 weeks increased the expression of LC3-II/LC3-I and

beclin-1 protein (Wang et al., 2017)

❖ Oblongifolin C, a novel autophagic flux inhibitor, ( Y Lao et al. 2014)

❖ Deguelin, a retinoid extracted from Mundulea sericea, inhibits autophagy in human pancreatic cancer cells

( XD Xu. Et al 2017)

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mohammadinejad%2C+Reza
https://www.sciencedirect.com/science/article/pii/S0734975017301532#bb0165
https://www.sciencedirect.com/science/article/pii/S0734975017301532#bb0310
https://www.sciencedirect.com/science/article/pii/S0734975017301532#bb0640




Compounds Source Induction of 

Autolysosome

kaempferol Radix Astragali ▲LC3-2, LAMP-2

Curcumin Pepper ▲ conversion of LC3-1 to 

LC3-1

Resveratrol Mundulea sericea ▲LAMP-1, LAMP-2

Quercetin Green tea ▲AMP1, LAMP2 and Rab

7

Autolysosome inducers



Gene-Eden-VIR/Novirin

100 mg quercetin, a 150 mg extract of green tea, a 50 mg 

extract of cinnamon, a 25 mg extract of liquorice and 100 µg 

of selenium

inhibit the SARS-CoV main protease (3CLpro) with an IC50 (50% inhibitory 

concentration) in vitro of 73 µM (Park et al 2017)

MERS-CoV) 3CLpro protease with IC50 values of 52.7, 8.6 and 

34.8 µM respectively (Zhuang et al 2009)

Quercetin also modulates the cellular unfolded protein response 

(UPR). (Brush et al 2006)



Resveratrol

• Completely blocks MERS replication at a concentration of 25 μg/ml (IC50=5.5 μg/ml)

• Nucleocapsid (N) protein essential for MERS-CoV replication was decreased after

resveratrol treatment.

• Down-regulates the apoptosis induced by MERS-CoV in vitro (Chao Lin et al 2017)

• Resveratrol as potential treatment adjuncts for SARS‐CoV‐2/COVID‐19 (Marinella

2020)

https://pubmed.ncbi.nlm.nih.gov/?term=Lin+SC&cauthor_id=28193191
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marinella%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=32412158


Autophagy inhibitors
Compounds Source Pathways

Astragaloside II Radix Astragali PI3K↓, Akt↓

Capsaicin Pepper PI3K↓, Akt↓, ROS↑

Deguelin Mundulea sericea None

(−)-Epigallocatechin-3-O-gallate Green tea Atg5↓

20(S)-Ginsenoside Panax ginseng None

Liensinine Nelumbo nucifera Gaevth DNM1L↓

Oblongifolin C Garcinia yunnanensis hu None
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