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Abstract
Coronavirus disease 2019 (COVID-19) outbreak is an ongoing pandemic caused by
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severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) with considerable
mortality worldwide. The main clinical manifestation of COVID-19 is the presence of
respiratory symptoms, but some patients develop severe cardiovascular and renal
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complications. There is an urgency to understand the mechanism by which this virus
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causes complications so as to develop treatment options. Curcumin, a natural poly-
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phenolic compound, could be a potential treatment option for patients with coronavirus disease. In this study, we review some of the potential effects of curcumin such
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as inhibiting the entry of virus to the cell, inhibiting encapsulation of the virus and
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provides a basis for further research and development of clinical applications of cur-
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viral protease, as well as modulating various cellular signaling pathways. This review
cumin for the treatment of newly emerged SARS-CoV-2.
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I N T RO DU CT I O N

This can be achieved by anti-ACE2 monoclonal antibodies, antiSARS-CoV-2 neutralizing monoclonal antibodies, peptidic fusion

Coronaviruses (COVs) have been the cause behind severe acute respi-

inhibitors

ratory diseases in humans in the 21st century. The severe acute respi-

Wangkanont, & Phoolcharoen, 2020).

and

anti-proteases

(Shanmugaraj,

Siriwattananon,

ratory coronavirus (SARS-CoV) in 2003 was associated with 10%

Broad-spectrum antiviral drugs are being evaluated to treat the

fatality (Lee et al., 2003) while the Middle East Respiratory Syndrome

pandemic infection. Some preliminary research explored the potential

Coronavirus (MERS-CoV) had a fatality of 35% (de Groot et al., 2013).

combinations for the management of COVID-19-infected patients

The present pandemic crippling the world is in SARS-CoV-2, officially

including the combination of protease inhibitors, ritonavir and

named as COVID19 by WHO. The SARS-CoV-2 is an enveloped,

lopinavir (anti-HIV drugs). Other reported antiviral therapeutic agents

β-coronavirus, with a large, positive-sense, single-stranded RNA

for human pathogenic CoVs include remdesivir, nucleoside analogues,

genome ranging from 26–32 kilobases. The Spike (S) protein, enve-

umifenovir (arbidol), neuraminidase inhibitors, lamivudine (3TC), and

lope (E) protein, membrane (M) protein, and nucleocapsid (N) protein

tenofovir disoproxil (TDF) (Lu, 2020). For containing the spread of the

are the four structural proteins found in the virus. The spike protein

virus, rapid public health initiatives with antibodies, antiviral agents,

interacts with host cell membrane to enable entry of the virus during

and novel vaccines are highly important. Passive antibody therapy can

infection (Y. Chen, Liu, & Guo, 2020).

be considered as one of the potential strategies to limit COVID-19

Combating the newly emerging viruses has always been a chal-

pandemic. However, these are preliminary findings and none of these

lenge. Due to the lack of proofreading ability, viral RNA polymerase

agents is not yet approved for therapeutic use for the management of

has a high rate of mutation (Elena & Sanjuán, 2005). This feature helps

COVID-19-infected patients (Yan et al., 2020).

viruses with an RNA genome to develop resistance against pre-

There is growing evidence on the antiviral potential of herbal

existing antiviral medications (Bolken & Hruby, 2008; Sahin

compounds (Praditya et al., 2019). In this regard, the use of phyto-

et al., 2020).

chemicals has been noticed owing to their background efficacy and

The preliminary step in the CoV infection is the interaction of

safety in light of the ethnomedicinal reports. Moreover, modern phar-

human cells with viral spike protein. Angiotensin-converting enzyme

macological investigations and clinical trials have unraveled numerous

(ACE) 2 present in the lower respiratory tract of humans, is a recep-

pharmacological activities for selected phytochemicals. Curcumin, the

tor recognized by the spike protein of SARS-CoV-2 The viral

bioactive ingredient of turmeric (Abdollahi, Momtazi, Johnston, &

genome RNA is released into the cytoplasm (Jia et al., 2005), follow-

Sahebkar, 2018; Iranshahi, Sahebkar, Takasaki, Konoshima, &

ing membrane fusion and the RNA codes for immediate proteins

Tokuda, 2009; Mollazadeh et al., 2019; Panahi et al., 2016, 2017;

required for the replication and transcription complex (de Wilde,

Rezaee, Momtazi, Monemi, & Sahebkar, 2017; Sahebkar, 2010), is a

Snijder, Kikkert, & van Hemert, 2017). After entering the cell, CoV

good example of phytochemicals with multi-mechanistic mode of

facilitates the gene expression and genome encoding occurs. This

action. Curcumin is already approved by the US food and drug admin-

will, in turn, encode accessory proteins, which facilitate the adapta-

istration (FDA). Over 300 clinical trials have reported the beneficial

tion of CoVs to their human host (ViralZone, 2019). There is a high

protective effects of curcumin against various diseases including

recombination rate of CoVs since the RNA dependent RNA poly-

inflammatory diseases, neurological diseases, cardiovascular diseases,

merase (RdRP) jumps and develops transcription errors consistently

pulmonary disease, metabolic diseases, liver diseases, and cancers

(Drexler et al., 2010). Due to its high mutation rates, CoVs are zoo-

(Jäger et al., 2014). Curcumin has shown antiviral activities against

notic pathogens that can infect various animals and humans

several different viruses, and could be a therapeutic option for the

resulting in a wide range of clinical features, ranging from asymp-

management of COVID-19 infection. All of the hypotheses mentioned

tomatic course to multi-organ failure (Yin & Wunderink, 2018). At

in this review are based on the premise that the immune responses

present, there are no effective therapeutic strategies for managing

against COVID-19 are similar to that of other coronaviruses, which

COVID-19 infection and there is no sufficient research in this area

should be confirmed by future insights on SARSCoV-2.

to

guide

Kanagarajah,

the

treatment

Patel,

&

(Rodríguez-Morales,

Schlagenhauf,

2020).

MacGregor,

Potential

anti-

coronavirus therapies target the human cells or the virus itself.
Human immune system is known to play an important role in elimi-

2 | AN OVERVIEW OF CURCUMIN AS AN
ANTIVIRAL AGENT

nating the virus and studies have shown the antiviral activity of type
I and type II interferons. Interferon-beta (IFN-β) was reported to

Evidence suggests that curcumin has an inhibitory potential against

reduce the in vitro replication of MERS-CoV (Hui et al., 2020).

various viral infections. The antiviral effects of curcumin were

Blocking the cell surface receptors, for binding of coronavirus, and

observed against viruses including vesicular stomatitis virus, para-

the cell signaling pathways, which help in viral replication, are the

influenza virus type 3, vesicular stomatitis virus, flock house virus, her-

other targets in human cells. Angiotensin-converting enzyme

pes simplex virus, and respiratory syncytial virus (Zorofchian

2 (ACE2) is one of the proposed candidates for targeting drug target

Moghadamtousi et al., 2014).

therapy to prevent virus infection since the virus gains entry to the

The pleiotropic effects of curcumin against viruses arise from its

cell through ACE2 receptors (H. Xu et al., 2020; Yan et al., 2020).

ability to interact with various molecular targets, thereby triggering
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cellular signaling pathways such as apoptosis and inflammation. Previous research has shown that curcumin interacts directly with around
30 proteins, including DNA polymerase, thioredoxin reductase, focal

3 | CURCUMIN CAN POTENTIALLY
TARGET CRITICAL STEPS OF THE VIRAL
REPLICATION CYCLE

adhesion kinase (FAK), protein kinase (PK), tubulin, and lipoxygenase
(LOX). Moreover, curcumin modulates intercellular signaling cascades

A virus does not have all the enzymes needed for its replication as a single

which are essential for efficient virus replication such as attenuation

unit. The virus uses cellular machinery for its metabolic processes and

of NF-κB and PI3K/Akt signaling. It also affects cellular post-

reproduction. The antiviral agents should prevent the growth of viruses in

transcriptional and post-translational modifications, thereby limiting

infected cells without harming the healthy cells. The processes of the rep-

the viral multiplication by interfering with crucial steps in their replica-

lication of the viruses, including attachment, penetration, uncoating,

tion cycle, including genome replication, and viral attachment (Ahn,

genome replication, and gene expression are potential therapeutic targets.

Sethi, Jain, Jaiswal, & Aggarwal, 2006; D. Mathew & Hsu, 2018;

Some of the known effects of curcumin include impeding the viral infec-

Praditya et al., 2019; Puar et al., 2018).

tion by targeting the penetration of virus and attacking the components

It has been shown that curcumin treatment can modify the struc-

required for viral replication (D. Mathew & Hsu, 2018).

ture of the surface protein in viruses, thereby blocking entry of virus
and virus budding. Furthermore, curcumin has an effect on membrane
proteins by modulating the characteristics of the host lipid bilayer

3.1

|

Viral attachment/penetration

(T.-Y. Chen et al., 2013). Utomo et al. used molecular docking with target receptors including SARS-CoV-2 protease, spike glycoprotein-

When curcumin was applied to the cells before or after infection, it

RBD, and PD-ACE2, which are believed to participate in virus infec-

attenuated the infectivity of certain viruses, enveloped viruses, includ-

tion in comparison with the known ligand or drugs as references.

ing members of poxvirus, flavivirus, herpesvirus, and orthomyxovirus

Their result demonstrated that several compounds such as curcumin

(T.-Y. Chen et al., 2013). Du et al. evaluated the influence of curcumin

could bind to the target receptors (Utomo & Meiyanto, 2020).

on the virus entry. They showed that curcumin could alter the surface

FIGURE 1

Multi-site inhibitory effects of curcumin in the pathogenesis of COVID-19 [Colour figure can be viewed at wileyonlinelibrary.com]
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protein structure in viruses and block the entry of viruses to the cell.

Mpro and could potentially act as a therapeutic agent (Khaerunnisa,

In addition, the positively charged curcumin on the surface is sub-

Kurniawan, Awaluddin, Suhartati, & Soetjipto, 2020).

jected to electrostatic interactions with PEDV or cell membranes and
competing with the virus to bind with the cells (Ting et al., 2018).
Recently, a molecular ducking study indicated that curcumin possesses better binding capability to the receptors and may inhibit the

5 | POTENTIAL EFFECT OF CURCUMIN ON
INTERFERONS

entry of COVID-19 virus. ACE2 is the receptor that binds with SARSCoV-2 spike glycoprotein which facilitates membrane fusion and viral

Interferons play a pivotal role in the defense against CoV infection.

infection occurs through endocytosis. Therefore, spike glycoprotein is

These viruses could hinder the induction of interferon in humans. In

a potential candidate for drug targeting to inhibit the entry of virus

addition, the virus antagonizes STAT1, which is a key protein in the

(Utomo & Meiyanto, 2020) that in silico docking studies revealed that

interferon-mediated immune response. This may explain the increased

curcumin could potentially inhibit ACE2 to suppress COVID19 entry

immune cell response thresholds to IFNs during CoV infections

to the cell (Figure 1).

(Kindler, Thiel, & Weber, 2016). All types of IFNs play a role in
preventing viral infections (Samuel, 2001).
Differences in the dynamics of the innate immune responses

3.2

|

Viral replication

associated with interferons in children, adults, and elderly may
describe the reported variation in rates of fatality. The higher mortal-

One of the potential therapeutic strategies for inhibiting the virus is

ity rates in older people can be explained by the higher interferon-

based on the use of agents that can potentially inhibit the replication

mediated immune response threshold (Shahabi nezhad et al., 2020).

of virus (Praditya et al., 2019; X. X. Yang, Li, Li, Wang, &

The key to success in reducing the fatality of SARA-CoV may be

Huang, 2017). Wen et al. have studied the effect of curcumin on viral

the activation of innate immune responses to trigger IFN production

replication by quantification of the number of spike proteins present

at the very early stages of this disease. This could be achieved through

in cultures of Vero E6 cells infected with SARS-CoV. Their result dem-

the administration of agents that can increase the synthesis of IFNs

onstrated that the inhibitory effect of curcumin in EC50 values was

such as poly ICLC (Kumaki, Salazar, Wandersee, & Barnard, 2017;

higher than 10 μM on SARS-CoV replication (Wen et al., 2007).

Zhao et al., 2012). Despite the positive results of pre-clinical studies

Furthermore, Ting Du et al. studied the effects of curcumin on

on the efficacy of IFNs in treating CoV-induced infections, the suit-

negative-strand RNA synthesis by using PEDV as a coronavirus model.

able dosing and optimal timing for such interventions need to be veri-

They demonstrated that curcumin could inhibit PEDV at the replication

fied in clinical trials. Moreover, IFN-γ along with IFN-I as combination

step. The plaque numbers were reduced when exposed to curcumin.

therapy is strongly proposed (Shahabi nezhad et al., 2020).

The reduction in plaque numbers and virus titers showed that curcumin

There is growing evidence on the effect of curcumin on IFNs in

could inhibit viral replication (Ting et al., 2018). This evidence supports

different viral diseases (Jasso-Miranda et al., 2019; Mounce, Cesaro,

the potential role of curcumin as a promising antiviral agent.

Carrau, Vallet, & Vignuzzi, 2017; Sordillo & Helson, 2015). Viruses can
stimulate NF-κB and interferon-regulatory factors to produce numerous antiviral cytokines. The antiviral IFNs via the JAK/STAT pathway

4 | POTENTIAL INHIBITORY EFFECT OF
CURCUMIN ON VIRAL PROTEASE

induces the synthesis of a variety of IFN-stimulated genes (ISGs). The
antiviral IFNs also directly stimulate IFN-independent pathways to
halt various stages of viral replication (Schoggins & Rice, 2011). Ting

SARS-CoV and MERS-CoV encode papain-like proteases (PLPs) that

Du et al. have shown that treatment with cationic carbon dots based

can impede the immune response (L. Sun et al., 2012). The drugs that

on curcumin can suppress the PEDV model of coronavirus reproduc-

are currently tried for the management of COVID-19 are protease

tion by stimulating the production of interferon-stimulating genes

inhibitors that primarily act on the main protease (Mpro). Beta CoV

(ISGs) and the cytokines (IL8 and IL6) of Vero cells by triggering the

applies protease to cleave the essential structural proteins of the host

innate immunity of the host (Ting et al., 2018).

cells during viral formation. The protease inhibitors have been developed to impede the proliferation of viruses such as HIV-AIDS, MERS,
and SARS (Zumla, Chan, Azhar, Hui, & Yuen, 2016). Various candidate
protease inhibitor drugs have been tested with promising result to
treat SARS-CoV-2, such as lopinavir (HIV medication) (Harrison, 2020;
Senathilake, Samarakoon, & Tennekoon, 2020; Wang, 2020).

6 | THE POTENTIAL EFFECT OF
C U R C U M I N I N T H E TR E A T M E N T O F
P U L M O N A R Y I N F L A M M A T I O N , E D EM A , A ND
FI BR OSI S

Khaerunnisa et al. examined the role of several phytochemical
compounds such as curcumin that may have the potential to inhibit

Coronaviruses can induce various inflammatory cytokines. They trigger

the COVID-19 infection by molecular docking. Curcumin showed rela-

“cytokine cascade” or “cytokine storm” which results in various organ

tively low binding energies and inhibition constants. They suggested

damage. CoVs stimulate the immune cells to secrete various inflammatory

that curcumin could have a potential inhibitory effect on COVID-19

cytokines into pulmonary vascular endothelial cells (Jiang et al., 2020).
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6.1

|

Pulmonary inflammation

Maggiorini, 2006). Studies have shown that in SARS-CoV infection,
the activation of protein kinase C (PKC) by SARS-CoV envelope

There is growing evidence on the inhibitory actions of curcumin on

(E) protein, results in reduced activity of epithelial sodium channels at

inflammatory cytokines. Curcumin blocks the essential signals regulat-

the apical surface of pulmonary epithelial cells, and the ion channel

ing the expression of various pro-inflammatory cytokines including

activity of E protein leads to pulmonary oedema (DeDiego

nuclear factor-κB and MAPK pathways (Ferreira, Nazli, Dizzell,

et al., 2014).

Mueller, & Kaushic, 2015). Curcumin has anti-inflammatory and anti-

Recently, evidence shows that prophylactic application of cur-

fibrotic effects by reducing the expression of crucial chemokines and

cumin decreased the inflammation resulting in a reduced influx of fluid

cytokines involved in lung infection such as IFNγ, MCP-1, IL-6, and

in lungs of rats under hypoxia. This was through downregulation of

IL-10 (Avasarala et al., 2013). Curcumin has an inhibitory effect

the pro-inflammatory cytokines and cell adhesion molecules by modu-

against the human respiratory syncytial virus (RSV) infection by

lation of NF-кB activity and stabilizing hypoxia-inducible factor

preventing

1-alpha (HIF1-α), leading to downregulation of angiogenic molecules

RSV

replication,

the

release

of

TNF-alpha

and

downregulating phospho-NF-κB (Obata et al., 2013).

such as VEGF followed by a reduction in pulmonary oedema and albumin extravasation in the bronchoalveolar lavage fluid of rats
(T. Mathew & Sarada, 2015; Sagi, Mathew, & Patir, 2014; Titto, Ankit,

6.2

|

Pulmonary fibrosis

Saumya, Gausal, & Sarada, 2020).

Pulmonary fibrosis is a devastating outcome of COVID-19 infection
associated with an almost universally terminal acute respiratory distress syndrome (ARDS) in around 32% of patients infected with
COVID-19 (Rodriguez-Morales, Cardona-Ospina et al., 2020). When
SARS-CoV-2 affects the upper and lower respiratory tract, it results in

7 | THE POTENTIAL EFFECT OF
C U R C U M I N I N T H E TR E A T M E N T O F C O V I D 19 ASSOCIATED CARDIOVASCULAR
DAM A GE

varying degrees of ARDS, releasing pro-inflammatory cytokines. The
attachment of SARS-CoV-2 to the toll-like receptor results in the

Angiotensin-converting enzyme 2 (ACE2) is involved in cardiovascular

release of pro-IL-1β that is cleaved by caspase-1, leading to the activa-

function as well as have a role in the development of diabetes mellitus

tion of inflammasome and generation of active mature IL-1β, which

and hypertension (Turner, Hiscox, & Hooper, 2004). SARS-CoV-2

mediates pulmonary inflammation and fibrosis (Conti et al., 2020).

infection is initiated by the binding of the virus spike protein to ACE2.

TGF-ß and its signaling pathways are involved in lung fibrosis and

ACE2 receptors are highly expressed in various organs including the

TGF-ß overexpression is correlated with poorer prognosis in ARDS

heart, lungs, and kidney. SARS-CoV-2 causes respiratory symptoms

(Budinger et al., 2005; Dhainaut, Charpentier, & Chiche, 2003; Fahy

by infecting alveolar epithelial cells. These symptoms are more pro-

et al., 2003; Gauldie, Bonniaud, Sime, Ask, & Kolb, 2007; Scotton &

nounced in patients having cardiovascular disease. This could be

Chambers, 2007). Curcumin has been shown to inhibit the cellular

potentially due to the fact that ACE2 is expressed more in patients

inflammatory response by attenuating the cytokine/chemokine

with cardiovascular disease compared with people without cardiovas-

expression through the NF-кB pathway and fibrotic response during

cular disease. Since ACE2 acts like a receptor for SARS-CoV-2, the

the regeneration phase of the disease via attenuating of the TGF-ß

safety and potential effects of antihypertension therapy with

pathway in a mouse model of viral-induced ARDS. Curcumin can also

angiotensin-receptor blockers or ACE inhibitors in COVID-19 infected

inhibit apoptosis pathways mediated by the p38 MAPK pathway

patients should be studied (Zheng, Ma, Zhang, & Xie, 2020). However,

(Avasarala et al., 2013). Furthermore, curcumin has been shown to

the reduction of ACE2 activity is detrimental to the heart, since it con-

reduce collagen in experimental models of pulmonary fibrosis induced

tributes to cardiac dysfunction, partly due to increased stimulation of

by

cyclophosphamide

the AT1 receptor by angiotensin II (Yamamoto et al., 2006). Pang et al.

(B. Chen, Zhang, & Gao, 2008; Cutroneo, White, Phan, &

demonstrated that curcumin significantly decreases mean arterial

Ehrlich, 2007; Punithavathi, Venkatesan, & Babu, 2000, 2003;

blood pressure and improves cardiac fibrosis in rats through

Tourkina

upregulation of angiotensin II type II receptor, down-regulation of

whole-body

et

al.,

irradiation,

2004;

bleomycin,

Venkatesan,

and

2000;

Venkatesan

&

Chandrakasan, 1995; M. Xu, Deng, Chow, Zhao, & Hu, 2007).

angiotensin II type I receptor, and increase of ACE2 in the myocardium (Pang et al., 2015).
In patients with COVID-19 infection, cardiovascular symptoms

6.3

|

Pulmonary oedema

occur because of the systemic inflammatory response triggered by
the imbalance response of type 1 and type 2 T helper cells (Huang

The histopathological examination of some patients with COVID-19

et al., 2020). It has been shown that curcumin reduces inflammation

showed pulmonary oedema along with inflammatory clusters con-

and necrotic tissue in the myocardial ischemia–reperfusion model in

sisting of fibrinoid material and multinucleated giant cells (Tian

the rat by inhibition of early growth response-1 and reduction of

et al., 2020). Pulmonary oedema results from the accumulation of fluid

tumor

in the lungs (Bärtsch, Mairbäurl, Maggiorini, & Swenson, 2005;

Conklin, 2013). Curcumin reduces myocardial ischemia–reperfusion

necrosis

factor-alpha

and

interleukin-6

(Salabei

&
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Curcumin can reduce the infection with influenza A virus and

injury through a reduction of c-Jun N-terminal kinase (JNK) and
&

influenza pneumonia by activating Nrf2 signaling and inducing the

Henrotin, 2016). Moreover, curcumin reduced the infiltration of

generation of various antioxidants. Curcumin also suppresses influ-

immune cells and the expression of adhesion molecules and pro-

enza A virus-mediated oxidative stress and indirectly inhibits influenza

inflammatory mediators in vascular cells (X. Li et al., 2017).

A virus-induced activation of TLR2/4, MAPK, and NF-κB pathways.

NF-κB

nuclear

translocation

phosphorylation

(Sahebkar

The above processes may suppress the influenza A virus-mediated
inflammation and replication (Dai et al., 2018). Therefore, curcumin

8 | TH E E F F EC T O F C U R CU M I N I N
COVID-19 ASSOCIATED KIDNEY DAMAGE

potentially has beneficial antioxidant properties in the treatment of
SARS-COV-2 mediated oxidative stress in the lungs.

There is an increased incidence of acute kidney injury following infection with COVID-19, which may be due to the presence of SARS-

10

|

C O N C L U S I O N A N D C H A L LE N G E S

CoV-2, the inflammatory response, or a synergistic impact of both
these factors on kidneys. It has been shown that patients with acute

In this review, we have attempted an overview of the potential ant-

renal injury have a higher mortality rate (Cheng et al., 2020). ACE2 is

iviral effects of curcumin that can be helpful for researchers to further

highly expressed in the kidneys (Ye et al., 2006). A reduction in ACE2

investigate the potency of curcumin against the new emerging SARS-

and an increase in ACE expression could potentially result in renal

CoV-2 infection. The ability of curcumin to modulate a wide range of

damage in diabetes (Ye et al., 2004). Angiotensin II reduction can facil-

molecular targets makes it a suitable candidate for the management

itate the development of glomerular sclerosis and proteinuria. This

of coronavirus infection.

suggests that ACE inhibitors could have a potential adverse effect

Curcumin may have beneficial effects against COVID-19 infection

during the management of COVID-19 infection (Ahmad, Siddiqui, &

via its ability to modulate the various molecular targets that contribute

Ahmad, 1997).

to the attachment and internalization of SARS-CoV-2 in many organs,

Xu et al. have shown that curcumin could potentially upregulate

including the liver, cardiovascular system, and kidney. Curcumin could

the ACE2 and ACE2 mRNA, resulting in improved renal blood flow,

also modulate cellular signaling pathways such as inflammation, apo-

and have a potential anti-fibrotic effect in kidneys in type 2 diabetic

ptosis, and RNA replication. Curcumin may also suppress pulmonary

rat models (X. Xu, Cai, & Yu, 2018). Curcumin potentially reduces renal

edema and fibrosis-associated pathways in COVID-19 infection.

fibrosis at priming and activation stages by suppressing the inflamma-

Despite the potential beneficial effects and safety profile of curcumin

tion caused by reduced MCP-1, NF-κB, TNF-α, IL-1β, COX-2, and

against various diseases, the limited bioavailability of this turmeric-

cav-1 levels. Curcumin also increases the expression of anti-

derived compound, especially via oral administration may be a prob-

inflammatory factors such as neural precursor cell expressed develop-

lematic issue (Anand, Kunnumakkara, Newman, & Aggarwal, 2007).

mentally down-regulated protein 4 (NEDD4), mannose-6-phosphate

Yang et al. demonstrated that intravenous administration of curcumin

receptor binding protein 1(M6PRBP1), and heme oxygenase-1 (HO-

(10 mg/kg) resulted in better bioavailability in comparison to oral

1). Curcumin also targets MAPK/ERK, TGF-β/smads, and PPAR-γ

administration with a higher dose (500 mg/kg) (K. Y. Yang, Lin, Tseng,

pathways in animal models of kidney disease (X. Sun et al., 2017).

Wang, & Tsai, 2007). Several clinical trials have shown that the issue

Thus, curcumin could be potentially beneficial for the treatment of

regarding the bioavailability of curcumin can be mitigated by adminis-

COVID-19 associated renal inflammation.

tering higher concentrations within non-toxic limits (Kunnumakkara
et al., 2019). In addition, many studies have suggested various ways to
improve the bioavailability of curcumin such as manipulation and

9 | THE POTENTIAL EFFECT OF
CURCUMIN IN INHIBITION OF OXIDATIVE
STRESS IN VIRAL INFECTION

encapsulation of curcumin into micelles, liposomes, phospholipid complexes, exosomes, or polymeric nanocarrier formulation and also utilization of curcumin in combination with cellulosic derivatives, natural
antioxidants, and a hydrophilic carrier (Jäger et al., 2014; Moballegh

Oxidative stress is present in all severe lung injuries including ARDS

Nasery et al., 2020). Moreover, several studies have reported the syn-

caused by COVs and influenza virus infections. This has been attrib-

ergistic therapeutic effects of curcumin in combination with other

uted to the initiation and maintenance of chronic low-grade inflamma-

natural or synthetic compounds (Singh et al., 2013). Overall, the well-

tion (Imai et al., 2008). SARS-CoV papain-like protease (PLpro)

documented anti-inflammatory and immunomodulatory effects of

significantly induces the generation of reactive oxygen species (ROS)

curcumin along with the evidence on the anti-fibrotic and

and activates TGF-β1-mediated pro-fibrotic response (S. W. Li

pulmonoprotective effects of this phytochemical on the lung tissue

et al., 2016). Curcumin has the electron transfer capability to scavenge

make it a promising candidate for the treatment of COVID-19. Since

various intracellular small oxidative molecules (Barzegar & Moosavi-

curcumin is known to have strong inhibitory effects on NF-κB and

Movahedi, 2011). Curcumin can up-regulate the expression of gluta-

several pro-inflammatory cytokines, it can be particularly helpful as an

thione (GSH), and inhibits the generation of reactive oxygen species

adjunct in reversing the fatal cytokine storm that occurs in serious

(ROS) and malondialdehyde (MDA) (Rong et al., 2012).

cases of COVID-19.
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To sum up, this review shows that curcumin as an antiviral and
anti-inflammatory agent can be helpful for both prevention and treatment of new emerging coronavirus. However, well-designed clinical
trials are needed to demonstrate the potential efficacy of curcumin
against SARS-CoV-2 infection and its ensuing complications.
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