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A B S T R A C T

The use of synthetic drugs has increased over the recent years, but plant-based drugs are more suitable in terms
of least side effects. Since ancient times mankind has been dependent on plants for the treatment of various
ailments, among them widely used is curcumin, the principal polyphenol extracted from turmeric. Their med-
icinal and useful properties are mentioned in Indian Veda’s and Chinese medicine. Curcumin has been studied
extensively for its pleiotropic activity, including anti-inflammatory, anti-oxidant and anti-tumor activity.
Accumulated evidence indicated curcumin plays an inhibitory role against infection of numerous viruses. These
mechanisms involve either a direct interference of viral replication machinery or suppression of cellular sig-
naling pathways essential for viral replication, such as PI3K/Akt, NF-κB. This review summarizes the current
state of knowledge with a focus on the anti-viral effect of curcumin, and their possible molecular mechanisms.

1. Introduction

Curcumin is the major active compound in the rhizome of turmeric
(Curcuma longa). Curcuminoids mainly comprise of curcumin I (77%),
curcumin II (17%), curcumin III (3%) and cyclocurcumin (Lee et al.,
2013), isolated by Vogel and Pelletier (1815) and its chemical structure
and synthesis confirmed by Lampe and Miłobędzka (1913). Among the
four curcuminoids found in turmeric, curcumin is known to be the most
active phytochemical (Zhou, Beevers, & Huang, 2011).

Curcumin has been used extensively in Ayurveda, Siddha medicine
and traditional Chinese medicine (Zhou et al., 2016) for centuries, as it
has a variety of therapeutic properties including antioxidant, analgesic,
anti-inflammatory, antiseptic activity, and anticarcinogenic activity
(Çıkrıkçı, Mozioglu, & Yılmaz, 2008). It is generally recognized as safe
(GRAS) by Food and Drug Administration (FDA). A healthy dose up to
12 g/day of curcumin was known to be safe for human consumption
during the clinical trials without eliciting side effects (Gupta, Patchva,
et al., 2013). A Phase I trial of curcumin in patients with high risk or
premalignant lesion concluded that curcumin even at higher doses does
not appear to be toxic (Cheng et al., 2001), while various clinical trials
conducted in humans for various cancers and other health conditions
have provided with a promising results suggesting low toxicity of cur-
cumin (Dhillon et al., 2008; Lal et al., 1999; Lao et al., 2006; Satoskar,

Shah, & Shenoy, 1986; Sharma et al., 2004). Besides all the beneficial
role of curcumin, some studies are inconsistent and don’t paint a rosy
picture. It has been indicated high concentrations of curcumin triggers
nuclear DNA fragmentation in lung cancer cell lines (Ting et al., 2015)
as well as mitochondrial DNA damage in human hepatoma G2 Cells
(Cao, Jia, Zhou, Liu, & Zhong, 2006), while treatment of curcumin at
low doses had no effect on DNA integrity, indicating curcumin-induced
DNA damage represents a dose-dependent manner. In addition, some
clinical trials have shown that in order to accomplish killing of cancer
cells, high concentration of curcumin is required (Syng-Ai, Kumari, &
Khar, 2004), due to the poor availability of curcumin that leads to the
low plasma concentration. To circumvent the drawbacks of limited
systemic bioavailability and rapid metabolism, efforts were made to
developing novel synthetic curcumin formulations and drug delivery
systems, etc., and some of which have achieved promising results.

The role of curcumin as an anticancer agent has been studied ex-
tensively throughout the years. The underlying mechanisms of these
effects appear to be diverse and it likely owns to the modulation of cell
survival. Curcumin has been known to interfere with various bio-
chemical pathways involved in cancer cell proliferation and survival.
The molecular targets modulated by curcumin include, but is not lim-
ited, to activator protein (AP)-1 (Arnott et al., 2002), nuclear factor
Kappa B (NF-κB) (Sethi & Tergaonkar, 2009), signal transducer and
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activator of transcription (STAT) (Taub, 2003), tumor necrosis factor-
alpha (TNF-α) (Aggarwal, Gupta, & Kim, 2012), interleukins, Cyclin D1
(Mukhopadhyay et al., 2002), p53 (Dey, Tergaonkar, & Lane, 2008),
and growth factor induced signaling cascades (Starok et al., 2015). By
suppression of NF-κB and STAT3 activation, curcumin regulates ex-
pression of many genes involved in growth regulation, inflammation,
carcinogenesis and apoptosis, which play key roles in cancer develop-
ment and progression (Bowman, Garcia, Turkson, & Jove, 2000; Gupta,
Sundaram, Reuter, & Aggarwal, 2010; Kasdagly, Radhakrishnan,
Reddivari, Veeramachaneni, & Vanamala, 2014; Sen & Baltimore,
1986). STAT3 is one of the major mediators of carcinogenesis and their
activation has been involved in the induction of resistance to apoptosis,
presumably through the expression of Bcl-xL and cyclin D1 (Catlett-
Falcone et al., 1999; Gamero, Young, & Wiltrout, 2004). The failure of
cells to undergo apoptosis might result in diseases like autoimmune
disease, neurological disorder, cardiovascular disorders and cancer
(Favaloro, Allocati, Graziano, Di Ilio, & De Laurenzi, 2012).

Several studies were conducted with curcumin against various
forms of cancers like colorectal cancer (Cruz-Correa et al., 2006; He
et al., 2011), multiple myeloma (Golombick, Diamond, Badmaev,
Manoharan, & Ramakrishna, 2009; Vadhan-Raj et al., 2007), pancreatic
cancer (Dhillon et al., 2008; Kanai et al., 2011), chronic myeloid leu-
kaemia (Ghalaut et al., 2012), prostate cancer (Ide et al., 2010; Kim
et al., 2011) and breast cancer (Bayet-Robert et al., 2010), and were
deemed to have a potential role in negative regulation of tumor in-
itiation, progression and metastasis.

In addition to anti-carcinogenic activity, curcumin appears to be a
potent agent against various microbes. It restraints growth of a plethora
of bacteria like S. epidermis, Klebsiella pneumoniae, E. coli, Bacillus sub-
tilis, Staphylococcus aureus (Ungphaiboon et al., 2005) (Niamsa &
Sittiwet, 2009), and pathogenic bacteria’s found in shrimp, mice and
chicken like some Vibrio, Bacillus, Salmonella, Staphylococcus and Heli-
cobacter pylori species (De et al., 2009; Lawhavinit, Kongkathip,
Kongkathip, & Kasetsart, 2010). The bactericidal role of curcumin was
based on the fact, that it causes the leakage of bacterial membrane
(Tyagi, Singh, Kumari, Kumari, & Mukhopadhyay, 2015), while a si-
milar mechanism was also described against fungi. Curcumin exerts an
in vitro inhibitory effect on the adhesion of Candida species to human
buccal epithelial cells (BEC) (Martins et al., 2009) as a result it forms an
electrostatic or hydrophobic interaction with the fungal cell membrane
and cell wall causing membrane disruption (Kumar et al., 2014; Peter,
Shirtliff, & Jabra-Rizk, 2010).

Curcumin’s antiviral effects were observed against viruses like
Parainfluenza virus type 3 (PIV-3), Feline infectious peritonitis virus
(FIPV), vesicular stomatitis virus (VSV), herpes simplex virus (HSV),
flock house virus (FHV) and respiratory syncytial virus (RSV)
(Moghadamtousi et al., 2014).

The hallmark of this review is to discuss current understanding of
the anti-viral aspects of curcumin and their underlying action me-
chanisms.

2. An overview of curcumin as an anti-viral drug

Combating viral diseases, especially those caused by the emerging
viruses or variants have always been a challenge. Viral RNA polymerase
possesses a high mutation rate (Elena & Sanjuan, 2005), owing to the
lack of the proofreading capability, and evidently this trait helps viral
pathogens with RNA genome to evolve resistance against pre-existing
antiviral drugs. However, cost, time and effort to develop an antiviral
drug takes its toll (Bolken & Hruby, 2008), as when a new mutated
variant of a RNA viral pathogens emerges. Furthermore, long-term
administration of antiviral drugs is known to elicit side effect like
nausea, vomiting, mitochondriaxicity and insomnia depending upon
the antiviral drug (Carr, 2003; Dolin et al., 1982; Fontana, 2009; Hima
Bindu & Naga Anusha, 2011; Reust, 2011; Treanor et al., 2000;
Winquist, Fukuda, Bridges, & Cox, 1999).

Curcumin’s pleiotropic activities against virus’s emanate from its
ability to modulate numerous molecular targets that contribute to
various cellular events, such as transcription regulation, and the acti-
vation of cellular signaling pathways such as inflammation, and apop-
tosis (Joe, Vijaykumar, & Lokesh, 2004; Ravindran, Prasad, &
Aggarwal, 2009) likely via intermolecular interactions. Previous re-
searches concluded that curcumin interacts directly with almost 30
proteins, such as, DNA polymerase (Takeuchi et al., 2006), focal ad-
hesion kinase (FAK) (Leu, Su, Chuang, & Maa, 2003), thioredoxin re-
ductase (Fang, Lu, & Holmgren, 2005), protein kinase (PK) (Reddy &
Aggarwal, 1994), lipoxygenase (LOX) (Skrzypczak-Jankun, Zhou,
McCabe, Selman, & Jankun, 2003), and tubulin (Gupta, Bharne,
Rathinasamy, Naik, & Panda, 2006). Moreover, in addition to mod-
ulating cellular events, curcumin limits viral infection by interfering
with critical steps in their replication cycle, including but not limited to,
viral attachment (Chen et al., 2010a, 2010b), and genome replication
(Narayan et al., 2011; Si et al., 2007).

Curcumin’s role as an antiviral agent has been studied thoroughly in
the case of viruses like HIV, Herpes simplex virus (HSV), Hepatitis
viruses, influenza type A virus (IAV), and Ebola virus. Since curcumin’s
positive effects outweigh the negative effects and their role in targeting
various cellular pathways, further inhibiting the growth and replication
of viruses make it a candidate for an anti-viral drug.

3. Curcumin targets critical steps of virus replication cycle

As a single unit, a virus cannot equip all the enzymes required for
their replication. They commandeer cellular machinery for their effi-
cient reproduction and metabolic processes. However, an antiviral
agent must stop the viral growth in infected cells, without affecting
surrounding normal cells. Hence, specific processes of the virus re-
plicative cycle, which include attachment/penetration, uncoating,
genome replication, gene expression, assembly and release, have been
attractive targets for chemotherapeutic intervention.

One of the bio-functions of curcumin is revoking the infection of
viruses, by targeting the viral entry, or solely attacking the viral com-
ponents essential for viral replication (Fig. 1). Correspondingly, cur-
cumin’s antiviral activity through mechanisms involving interference
with viral replication step(s) has been summarized in Table 1 and de-
scribed in the following sessions.

3.1. Viral attachment/penetration

Attachment is the initial event that brings viruses to the cell mem-
brane surface. As previously indicated when curcumin was added to
cells prior to or upon infection, it blocks the infectivity of a series of
enveloped viruses, including members of poxvirus, flavivirus, herpes-
virus, and orthomyxovirus, while plaque formation ability of the non-
enveloped enterovirus 71 (EV71) was not affected (Chen et al., 2013).
In addition, curcumin incubated directly with viruses abrogates the
function of viral envelope proteins, i.e. haemagglutinin-neuraminidase
(HN) protein of New Castle disease virus and haemagglutinin (HA)
protein of IAV (Chen et al., 2013). Similarly, a recent study indicated
curcumin inhibits two arthropod-borne viruses zika and chikungunya
virus infections by blocking binding of viruses on the cell surface
(Mounce, Cesaro, Carrau, Vallet, & Vignuzzi, 2017).

A variety of studies have identified curcumin as a membrane-
modulating agent; in short, the association of curcumin on lipid bilayer
causes a non-linear membrane thinning and weakens the elasticity of
the membrane (Hung et al., 2008; Ingolfsson et al., 2014). In MDBK
cells, curcumin increased lipid raft formation, which affected the bo-
vine herpesvirus type 1 entry process and indeed reducing their overall
viral yield in a dose-dependent manner (Zhu et al., 2015). Consistently,
the entry of all major genotypes of hepatitis C virus (HCV) was affected
by curcumin. In membrane fluidity experiments the impairment of viral
entry involved two events, which are viral binding and membrane
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fusion, was likely due to the modification of the fluidity of viral envelop
by curcumin (Anggakusuma et al., 2014).

Nevertheless, the effect of curcumin at very early stage of viral in-
fection was also observed in a non-enveloped virus, human norovirus
(HuNoV). It was reported that treatment of curcumin at various doses
and durations showed antiviral mechanisms such as viral entry, rather
than RNA replication of HuNoV (Yang, Lee, et al., 2016). Since viral
entry involves initial engagement between the viral surface protein and

the receptor on host membrane. In case of HuNov, without the target of
lipid bilayer envelop structure; curcumin might affect viral entry by
preventing the function of viral surface proteins. For instance, the loss
of IAV HA activity mediated by curcumin is likely due to the inter-
ruption of the link between the viral HA molecule and its cellular sialic
acid receptor (Ou et al., 2013). As supported by results of in silico
docking stimulation, curcumin potentially preoccupies the receptor-
binding site on HA protein and that impedes the interaction of HA

Fig. 1. Curcumin’s Antiviral Mechanism in Host cells. In general, virus infection is initiated by (1) attachment of virion with its cellular receptor, followed by (2) entry, (3) viral genome
replication and transcription, (4) translation and virion assembly, and ultimately (5) release. Hence, these critical steps specific to viral life cycle have been attractive targets for
chemotherapeutic intervention. Curcumin prevents viral attachment and entry by abrogating the function of viral envelope proteins. Additionally, curcumin modulates the host cell
signaling pathways, for instance NF-κB, PI3K-AKT, and inflammation, as well as transcription/translation machineries, which then cardinally hinders the virus replication. Moreover,
curcumin serves as a virucidal agent via attacking the integrity of viral envelop. The versatile anti-viral effect of curcumin has been demonstrated in numerous viruses as indicated in the
boxes.

Table 1
Mode of action of curcumin on viruses.

Family Virus Mechanism at virus level References

Retroviridae Human immunodeficiency virus (HIV) As a HIV-1 integrase inhibitor Gupta, Garg and Roy (2011), Gupta, Sharma, et al.
(2013)

Inhibition of Tat-mediated HIV transcription and
replication

Narayan et al. (2011)

Degradation of viral Tat protein Ali and Banerjea (2016)
Inhibition of proteases Sui et al. (1993)
Interaction with viral reverse transcriptase (RTase) and
integrase (docking data)

Seal, Aykkal, Babu and Ghosh (2011), Vajragupta
et al. (2005)

Flaviviridae Hepatitis C virus (HCV) Inhibition of viral entry Anggakusuma et al. (2014), Chen et al. (2012)
Herpesviridae Human cytomegalovirus (HCMV) Immediate early antigen (IEA) and UL83A expression Lv, An, Chen, Wang and Liu (2014), Lv, Lei, et al.

(2014), Lv et al. (2015)
Epstein-Barr virus (EBV) As a BZLF-1 inhibitor Ferreira et al. (2015), Hergenhahn et al. (2002)
Bovine herpesvirus 1 (BHV 1) Inhibition of viral entry Zhu et al. (2015)

Togaviridae Chikungunya virus Inhibition of virus attaches to cells Narayanan et al. (2012)
Filoviridae Ebola virus Interaction with VP30 (based on docking data) Setlur, Naik and Skariyachan (2017), Sordillo and

Helson (2015)
Picornaviridae Enterovirus 71(EV71) Inhibition of viral replication Qin et al. (2014)
Bunyaviridae Rift Valley fever virus (RVFV) Inhibition of viral replication Narayanan et al. (2012)
Caliciviridae Human Norovirus (HuNoV) Viral entry or other life cycle stages rather than the

replication of viral RNA
Yang, Lee, et al. (2016)

Pneumoviridae Respiratory syncytial virus (RSV) Virucidal effect (virus inactivation) Obata et al. (2013), Yang, Lee, et al. (2016)
Rhabdoviridae Fish viral hemorrhagic septicemia virus

(VHSV)
Viral entry, and viral replication Jeong et al. (2015)

Orthomyxoviridae Influenza A virus (IAV) Virucidal effect (attack envelope), and inhibition of viral
entry, and viral replication

Chen et al. (2010a, 2010b, 2013), Ou et al. (2013)
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protein with the cellular receptor (Ou et al., 2013). Similarly, pre-
treatment of viral hemorrhagic septicemia virus (VHSV) with curcumin
resulted in the suppression of viral entry (Jeong et al., 2015). The
comparative proteomic analysis suggested that at the early stages of
infection, the anti-VHSV effect of curcumin is possibly by rearrange-
ment of the F-actin/G-actin ratio via downregulation of heat shock
cognate 71 (HSC71), a protein that plays a central role in different
cellular processes during VHSV infection and could modulate the
function of actin. Nevertheless, whether curcumin exerts these actions
by direct intermolecular interaction requires further evidence.

Based on its effect on the viral envelope or surface proteins, cur-
cumin was proposed as a virucidal agent. It affects membrane integrity
in liposome model and curcumin pretreatment significantly abrogates
plaque formation of various enveloped viruses, including IAV, vaccinia
virus, pseudorabies virus (Chen et al., 2013), and RSV (Yang, Li, et al.,
2016). Yang et al. suggested that curcumin modified silver nano-
particles (cAgNPs) possesses efficient antiviral activity against RSV in-
fection. cAgNPs could diminish the binding ability of virus with the
binding centers on the cell surface as compared to those without
cAgNPs, significantly inhibiting RSV infection by inactivating RSV di-
rectly prior to their cell entry (Yang, Li, et al., 2016).

3.2. Viral replication

As an obligatory intracellular parasite, virus replication involves
interactions between viral components and a complex pool of cellular
factors. After the introduction of the viral genome into the host cell,
replication of viral genome is mostly initiated by virally encoded
polymerases, such as RNA-dependent RNA polymerase (RdRp), or re-
verse transcriptase for those viruses with RNA genome or for retro-
viruses, respectively. And for efficient replication, virus suppresses or
activates the host cellular pathways that are deleterious or advanta-
geous for their survival in the host cell.

Propagation of human immunodeficiency virus (HIV) requires viral
enzymes such as reverse transcriptase, integrase and protease, as well as
Tat, a trans-activator of transcription. It was shown that curcumin in-
hibited HIV-integrase and protease by direct intermolecular binding.
Docking studies revealed that curcumin interacts with the active sites of
HIV protease (Asp25, Asp29, Asp30, Gly27, Asp29 and Asp30 residues)
and integrase (Asp64, His67, Thr66, Glu92, Thr93, Asp116, Ser119,
Asn120 and Lys159) (Vajragupta, Boonchoong, Morris, & Olson, 2005).
The activity of curcumin was enhanced by coordinating the central
keto-enol groups of two curcumin to a boron atom against HIV-1 and
HIV-2 protease due to the simultaneous occupation of two binding sites
in the viral protease (Sui, Salto, Li, Craik, & Ortiz de Montellano, 1993).
The enone group in the central seven-carbon chain of curcumin serves
as a Michael acceptor electrophile (MAE), and that enables curcumin to
conjugate with other proteins via Michael addition. Among a number of
medicinal plant compounds with electrophilic properties, like ferulic
acid, curcumin, rosmarinic acid, gambogic acid and celastrol, curcumin
treatment inhibited 55% of Tat-dependent transcription of HIV
(Narayan et al., 2011).

In addition to the direct targeting of viral replication machinery,
curcumin also affects viral replication via modulating cellular factors.
As described above, curcumin interrupts Tat function during HIV in-
fection by MAE properties (Narayan et al., 2011); nevertheless, an ad-
ditional mechanism was further proposed. In cells transiently expres-
sing Tat, curcumin treatment reduced Tat protein level, Tat-mediated
LTR promoter transactivation, as well as reduced production of the
HIV-1 virion (Ali & Banerjea, 2016). It appears curcumin lowered Tat
protein accumulation resulted from the increase of Tat protein de-
gradation rate mediated by the cellular proteasomal pathway, rather
than accelerating mRNA degradation. Anti-viral effect of curcumin
through modulation of protein degradation will be further discussed in
the later (Section 4.3).

4. Curcumin suppresses intercellular signaling cascades
prerequisite for efficient virus replication

Viral infection damages the cell as they compete with the host cell
for their cellular apparatus. Viruses for their advantage, survival and
replication could hijack various intracellular signaling cascades such as
NF-κB, PI3K/Akt, MAPK signaling pathways and the ubiquitin protease
system (UPS). Accumulated evidence indicate curcumin mediates an-
tiviral effects partly by modulating multiple cell signaling pathways and
cellular essential processing were as follows.

4.1. Attenuation of PI3K/Akt and NF-κB signaling pathways

The role of Akt are diverse; it phosphorylates downstream substrates
that further activate various cellular processes including translation,
RNA processing, apoptosis and autophagy (Diehl & Schaal, 2013). AKT
is phosphorylated and activated by phosphatidylinositol-3-kinase
(PI3K). A large number of viruses rely on PI3K/Akt pathway by acti-
vating them for their replication. HCV requires AKT pathway for their
growth and replication. Previous studies observed that curcumin in-
hibited the replication of HCV by suppressing the Akt pathway, in turn,
suppressing a transcriptional factor sterol regulatory element binding
protein-1 (SREBP-1) essential for HCV replicon expression (Kim et al.,
2010). PI3K-Akt activation up-regulates the heme oxygenase expression
(HO-1) (Lee, Alam, Wiegand, & Choi, 1996), an enzyme in cells with
cytoprotective properties against oxidative damage (Devadas &
Dhawan, 2006; Hashiba et al., 2001; Hill-Batorski, Halfmann,
Neumann, & Kawaoka, 2013; Lehmann et al., 2010; Protzer et al., 2007;
Tung, Hsieh, Lee, & Yang, 2011). In a similar study HCV replication was
inhibited by curcumin via suppression of AKT pathway and induction of
HO-1 (Chen et al., 2012).

Apart from the PI3K-Akt pathway, the virus also utilizes an alternate
signaling cascade. NF-κB in particular has a double-edged role in cell
survival and cancer development; effectors of NF-κB targets and elim-
inates transformed cells, while the overexpression can cause deleterious
effects to the cells (Javvadi, Segan, Tuttle, & Koumenis, 2008; Paulraj
et al., 2015; Singh & Singh, 2009; Sreekanth, Bava, Sreekumar, & Anto,
2011; Xu, Mu, & Zhao, 2009). Although activation of NF-κB results in
the up-regulation of a number of antiviral genes, it is required for in-
fection of certain viruses; for instance, influenza virus redirects this
antiviral activity toward a proviral factor for efficient replication
(Ludwig & Planz, 2008). Activation of NF-κB cascade is mediated by the
core element IKK kinase complex, which constitutes of two kinases,
IKKα and IKKβ. By associating with IKK-β2 complex and interfering
with its function, curcumin effectively inhibits infection of Rift Valley
fever virus (RVFV) (Narayanan et al., 2012). It was demonstrated that
curcumin treatment inhibits the kinase activity of IKK-β2 complex and
that is responsible for the down-regulation of viral NSs protein phos-
phorylation, and alteration of cell cycle regulation in RVFV infected
cells (Narayanan et al., 2012).

4.2. Targeting cellular transcription

Genetic information needs to be passed on during viral infection and
for this to happen, transcription and translation are required. Viruses
exploit some of the cellular transcription co-activators to accomplish
their gene expression. Peroxisome proliferator-activated receptor-γ
coactivator (PGC)-1α is known to primarily activate genes involved in
mitochondrial biogenesis (Naar, Lemon, & Tjian, 2001). Being a cellular
transcription co-activators, PGC-1α was demonstrated to robustly
coactivate hepatitis B virus (HBV) transcription as well as acting as a
major metabolic regulator (Shlomai, Paran, & Shaul, 2006). In another
study treatment of HBV with curcumin significantly suppressed HBV
gene expression and replication through the down-regulation of PGC-
1α (Rechtman et al., 2010). Curcumin affects PGC-1α protein accu-
mulation, while PGC-1α mRNA level remains unchanged, implicating
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that curcumin likely triggers a mechanism for accelerating PGC-1α
protein degradation. Moreover, the effect of curcumin also reflected at
the transcription of gluconeogenesis gene G6Pase, a well-known target
of PGC-1α coactivation; as evidenced by significantly reduced G6Pase
mRNA upon curcumin treatment (Rechtman et al., 2010).

4.3. Factors affecting cellular post-transcriptional and post-translational
modifications

During the post-transcriptional modification, dicer plays an im-
portant role in RNA silencing. Of note, Dicer also acts as a sensor for
viral RNA; it binds and cleaves foreign dsRNA and then introduces the
processed dsRNA into the host’s organisms RNA interference (RNAi)
pathway, resulting in the suppression of viral gene expression
(Asikainen, Heikkinen, Wong, & Storvik, 2008; Ding, 2010). In VSV
infected cells, Dicer-1 activity was limited, while curcumin treatment
increased the expression level of Dicer-1 and remarkably inhibited VSV
infection (Ahmed, Tan, & Ambegaokar, 2017). Hence, it was suggested
that curcumin restricts VSV propagation through the restoration of the
cellular RNAi mechanism.

After biosynthesis, proteins often undergo post-translational mod-
ifications (PTM) to exert their functions, or to direct their fates. PTM is
a cellular process involved the addition of a functional group or a small
molecule, such as ubiquitin. Protein ubiquitination involves multiple
cellular processing; among those, the UPS is one of the major events for
protein degradation in eukaryotes (Chen & Dou, 2010). Nevertheless,
dysregulation of UPS appears to be one of the communal mechanisms
by which curcumin restricts infection of viruses, including two flavi-
viruses, Japanese encephalitis virus (JEV) and dengue virus type 2
(DNV-2), and two enteroviruses, EV71, and Coxsackievirus B3 (CVB3).

Curcumin effectively reduced yields (to 1000-fold of mock control)
and cell death induced by JEV (Dutta, Ghosh, & Basu, 2009). Since the
increased accumulated level of ubiquitin conjugates and reduced level
of free Ub were observed in JEV infected neuroblastoma cells; it is
postulated that dysregulation of UPS is likely one of the underlying
mechanisms of neuroprotective efficacy mediated by curcumin. A si-
milar effect was reported in DNV-2 infected cells (Padilla, Rodriguez,
Gonzales, Gallego, & Castano, 2014); Apart from cytoskeleton altera-
tions and apoptosis, curcumin restricted DNV-2 via down-regulation of
UPS. Moreover, replication of CVB3 was suppressed in the presence of
curcumin. Si et al. demonstrated that the anti-CVB3 activity of cur-
cumin is likely attributable to the impairment of UPS function that was
dysregulated through inhibition of 20S proteasome and isopeptidase
activities (Si et al., 2007). Although curcumin did not affect the entry of
EV71, the non-enveloped virus (Chen et al., 2013), Qin et al., demon-
strated curcumin suppressed UPS induced by EV71 virus and this effect
leads to subdued expression of GBF1 and PI4KB, the two viral proteins
required for the formation of viral replication complex and viral RNA
synthesis (Qin et al., 2014).

4.4. Anti-Inflammatory effects

Virus infection is often associated with overproduction of pro-in-
flammatory cytokines as a part of innate immunity activation to elim-
inate viruses [94]. Nevertheless, excessive release of pro-inflammatory
cytokines results in cell damage and that can be fatal to the infected
ones; for instance, influenza-associated encephalopathy (Morishima
et al., 2002). The roles of curcumin as an inhibitor of inflammatory
cytokines have been extensively studied (Abe, Hashimoto, & Horie,
1999; Yadav, Jee, & Awasthi, 2015). One of the major mechanism is
that curcumin abrogates the activity of NF-κB and MAPK pathways, two
central signals in regulating the expression of chemokines and pro-in-
flammatory cytokines. It is reported that curcumin protected the mu-
cosal barrier of the female genital tract by suppressing tumor necrosis
factor-α and interleukin (IL)-6, induced by HIV infection (Ferreira,
Nazli, Dizzell, Mueller, & Kaushic, 2015). Moreover, curcumin blocks

the replication of HIV and co-infection of HSV-2 through a mechanism
involving NF-κB (Ferreira et al., 2015).

Apart from this, curcumin stimulated the suppressor of cytokine
signaling (SOCS) proteins in patients affected with Ebola virus (Sordillo
& Helson, 2015). HO-1, an enzyme involved in the degradation of heme
(Tenhunen, Marver, & Schmid, 1968), plays a vital role in maintaining
cellular homeostasis (Maines, 1988), coupled with anti-inflammatory
and antioxidant effects (Pae & Chung, 2009). The upregulation of HO-1
was shown to suppress the replication of plethora of viruses like Ebola
virus (Hill-Batorski et al., 2013), enterovirus 71 (Tung et al., 2011),
hepatitis C (Lehmann et al., 2010), hepatitis B (Protzer et al., 2007),
HIV (Devadas & Dhawan, 2006) and adenovirus (Hashiba et al., 2001).
Curcumin has been known as an anti-inflammatory and antioxidant
agent that induces HO-1 (McNally, Harrison, Ross, Garden, & Wigmore,
2007; Motterlini, Foresti, Bassi, & Green, 2000; Wu et al., 2012; Yang,
Jiang, & Shi, 2017). HO-1 induction was observed in curcumin-treated
HCV infected Huh7.5 cells, eventually reducing intracellular HCV RNA
expression in a dose-dependent manner (Chen et al., 2012). As de-
scribed in the previous (Section 3.1), not only via induction of the HO-1
activity, curcumin suppressed HCV replication but also, by targeting
PI3K-AKT signaling pathway.

5. Conclusion and challenges

Herein, an attempt was made to present an overview of the anti-
viral role of curcumin that would be useful for researchers to further
study curcumin’s antiviral role against new emerging viruses.
Curcumin’s multipotent role against organisms like bacteria, fungi,
virus as well as its synergistic effects like anti-oxidant potential, anti-
inflammatory, and anti-tumoral activities has made it a wonder drug.
Their ability to affect a wide range of molecular targets makes it a
potential candidate for the prevention and/or treatment of a number of
diseases. A lot of scopes are seen in the use of curcumin-enhanced drugs
that can be readily bioavailable with targeted effect against viruses.

Since one of the drawbacks of curcumin is its poor bioavailability
and in order to combat this issue enhanced versions of curcumin for-
mulations like BCM-95CG (Biocurcumax) (Antony et al., 2008), Bio-
Perine-20x, Theracurmin-27x (Antony et al., 2008), Meriva-29x
(Allegri, Mastromarino, & Neri, 2010), Longvida-67x (Kurita & Makino,
2013; McFarlin et al., 2016) are available in the market with increased
absorption and/or bioavailability of curcumin than the unenhanced
curcumin. Moreover, the combination of curcumin and other compo-
nents could uplift their anti-cancer or anti-viral potential; a synergistic
effect was seen when curcumin was combined with thymoquinone
against avian influenza H9N2, which suppressed the pathogenicity and
significantly enhanced immune responsiveness in turkey (Umar et al.,
2016). In recent years, viable drug delivery systems, which includes
coupling of curcumin with Nanosuspensions were developed (Gao
et al., 2010; Pandey et al., 2011; Safavy et al., 2007). The advances of
nanotechnology has helped to circumvent the challenges faced with
curcumin drug delivery by using various nano-carriers such as nano-
particles (Li et al., 2012; Misra & Sahoo, 2011), curcumin nanocrystals
(Onoue et al., 2010), polymeric micelles (Gou et al., 2011), dendrimers,
Nano liposome-encapsulated curcumin (Thangapazham, Puri, Tele,
Blumenthal, & Maheshwari, 2008), polymeric micelles (Gou et al.,
2011) and solid-lipid nanoparticles (Sun et al., 2010); thus by providing
better permeability, resistance to metabolic processes and increased
blood circulation.

Despite the significant progress made in curcumin research over the
years, further research is required, as many questions and challenges
still exist. Being prompted by this lacuna in our knowledge more clin-
ical trials need to be warranted if curcumin can act as an antiviral agent
against diverse viruses.
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