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ABSTRACT

A virus is a non-cellular, neither living nor dead, infection causing agent that replicates in the
living cells of the host organisms, from human to bacteria belonging to the family of viridae and
genus virus. Curcumin is a polyphenol curcuminoid, a yellow-colored compound obtained from
the rhizome of the Curcuma longa. Curcumin has been extensively studied for its anti-microbial,
anti-viral, anti-bacterial and many other activities. Various studies have been done to increase its
bio-availability and solubility. Curcumin has now been researched in making more potent
antimicrobial agents against microbes based on the previous pre-clinical and clinical studies. The
present review recapitulated the research studies which determined the anti-viral activity of
Curcuma longa.
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1. INTRODUCTION

A virus is a non-cellular, neither living nor dead,

Herbal medicines have long been used to treat
and prevent many infections caused by micro-

infection causing agent that replicates in the living ~ 0rganisms, including virus. The usage of various

cells of the host organisms, from human to  herbal plants has been a part of diverse traditions

bacteria belonging to the family of viridae and across the world because of their medicinal

genus virus.! The word virus was derived from  Values, low cytotoxicity, enhanced effectiveness,

Latin, meaning venom and was coined by Dutch  fewer side effects, and many more benefits. Their

microbiologist Martinus Willem Beijerinck (1897). ~ Preventive and treatment effects on the diseases

Viruses cannot replicate outside the body of the  in modern medicine are increasing in recent years

host because they do not have the machinery for due to the ongoing research. The benefit of most

their replication and for this virus infects the cells, ~ of the herbs is that they have built-in immune-

stimulating and inflammation-modulating

replicates with the help of host cells machinery,

and forms new viruses. RNA and DNA are the two effects.*5 One of the active ingredients among the

different genetic materials present in viruses and ~ herbs whose use is from dawn the time is

with a protein coat covering the virus. An
interesting fact about the virus is that they
crystallize themselves which cannot be done
by any other living organism.23
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curcumin.

Curcumin (diferuloylmethane) is a polyphenol
compound obtained from the plant Curcuma
longa, which is largely cultivated & used in India,
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China,
preparations and for medicinal purpose.t It

and Southeast Asia in diverse food
exhibits various pleiotropic properties such as

anti-oxidant, antimicrobial, anti-tumor, anti-
inflammatory, anti-angiogenic, anti-proliferative &
anti-carcinogenic activities.” C. longa rhizome is
used as an antimicrobial agent and also as an
insect repellent. Curcumin is used in developing
skin gels and other products for the skin diseases
occurring and also for the dressing of the
wounds.8 Though curcumin has been effective
against various diseases the drawback is its poor
bioavailability which has been worked extensively
in recent years to

improve its absorption,

metabolism, and elimination.?

Among the antimicrobial activity, curcumin has
antiviral, antifungal, antimalarial and antibacterial
activities. With the clinical trials performed on
humans and found that a high dose shows
desirable antimicrobial property, curcumin has
now been researched in making more potent
antimicrobial agents against microbes.l0 The
present review discusses the applications of
curcumin as an antiviral agent towards various
viruses as a natural antiviral agent.

2. CURCUMIN AS ANTIVIRAL AGENT

Curcumin was considered for its antiviral proper-
ties for the first time around the 1990s when it
was found that it could prevent the protease of
human immunodeficiency virus (HIV) virus in
vitro with 100 pM
(ICs0).1* Numerous studies have been done to

inhibitory concentration

know the antiviral properties against various
viruses with RNA and DNA genomes. Curcumin
exerts its action by inhibition of cell signaling,
effect on cellular enzymes, cell adhesion, and
angiogenesis. Curcumin was shown to induce
cytotoxicity, inhibit the
genes and affect gene

apoptosis, reduce
replication of viral
transcription which makes it a potent drug for

usage in chemotherapy to treat cancer.!2

3. APPLICATION OF CURCUMIN IN DIFFERENT
VIRAL DISEASES

3.1 Chikungunya Virus
Chikungunya (CHIKV) is a mosquito-borne viral

illness, caused by the chikungunya virus and it
was first described in the year 1952 during the
outburst in Southern Tanzania. It is an RNA virus,
belonging to the family Togaviridae. Chikungunya
virus can cause fever, severe joint pains, muscle
pain, swelling of joints, headache, nausea, fatigue,
rash. There is no vaccine or drug against the virus,
but the treatment is mainly focused on relieving
the symptoms of the disease.!3

Curcumin's antiviral properties were
investigated by Von Rhein et al. in 2016 on
chikungunya virus, wherein the Human
embryonic kidney (HEK) 293T cells were treated
with a replicating luciferase-tagged CHIKV
(CHIKV-luci) with a low Multiplicity of Infection
(MOI) of 0.06 in the presence of the Boswellia
serrata gum resin extract. Boswellia serrata gum
resin extract compounds obstructed the entry of
CHIKV Env-pseudotyped lentiviral vectors and
inhibited the infection caused by CHIKV in vitro.
Vesicular stomatitis virus vector particles and
viral infections were also inhibited which shows
the broad antiviral activity of curcumin. With the
concern of the author on the bioavailability of the
curcumin, it can used as a base structure in
designing drugs which are more effective or which
enhances the antiviral property can be developed,
and curcumin can be used as a topical agent on

skin and can be applied after the mosquito bite.14
3.2 Dengue Virus

Dengue fever (DENV) is a mosquito-borne viral
illness triggered by a Flaviviridae virus. There are
four different species (DENV-1, DENV-2, DENV-3,
DENV-3, DENV-4) that have spread across the
world. These mosquitoes act as a vector for
various other diseases such as chikungunya, zika
virus, and many more. It was seen that people
who have recovered from the infection are
believed to provide lifelong immunity against that

serotype.1s

Balasubramanian et al, 2019 developed
curcumin and four analogues and used a cell-
based assay to assess in vitro protease activity and
replication inhibition. It was noted that curcumin

and other analogues inhibited viral protease
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activity. Curcumin had less inhibitory activity
when compared to its four analogues and these
chemicals only moderately reduced replication of
the DENV2Z reporter replicon construct, with
cyclohexanone and acyclic curcumin analogues
outperforming genuine curcumin. Curcumin
inhibits DENV was due to its effects on cellular
lipid metabolism.1® Lim et al,2020 found that
curcumin acts as a non-competitive inhibitor for
NS2B-NS3 protease without changing Km and

changing Vmax.1?

Lima et al., 2017 performed molecular docking
between the nonstructural protein 1 (NS1) protein
and the two curcuminoids to know that this might
be a potentially active agent against the dengue
virus. It was noticed that in the anchorage of NS1
with the curcumin ligand, the interactions
between them resulted in a lower value for the
distance (3.5 A) was the binding of the H6 of the
curcuminoid linked to phenylalanine 565 of the E
chain of the protein. It was noticed that
curcuminoid ligands showed significant results
because their molecules interacted well with the

receptor site of the protein.18

Curcumin and its derivative Pentagamavunon-0
(PGV-0) were tested against Dengue-2 by
Marbawati and Umniyati in 2015. The high safe
concentration of curcumin against vero cells were
6.25 ppm and 1.5625 ppm for PGV-0. Curcumin
and PGV-0 were tested for immunocytochemistry
for both incubation periods (1 and 3 days) showed
no remarkable changes and the Reverse
transcriptase-Polymerase chain reaction test (RT-
PCR) showed that the PGV - 0 is more potent

antiviral agent than curcumin.??

Carneiro et al,, 2017 investigated the molecular
docking and characterisation of curcumin and
monodimethylcurcumin ligands, as well as the
dengue virus 5B1C protein (PDB code) (DENV-4).
And these molecular docking results showed a
of the
compounds, which confirmed the importance of
the residues for DENV-4 activity. It can be noted
that curcumin shows a greater effect in the

correlation with the activity values

treatment of dengue.20

In a study published in 2017, Ichsyani et al. eva-

luated the effects of C. longa extract as a DENV-2
antiviral in mice infected with DENV-infected
Huh7it-1 cells. After 6 hrs and 24hrs of infection,
in the treatment group, the titer levels of DENV
mice were found to be decreased when compared
to that of control group. It was observed that the
titer of DENV from the curcumin treated group
showed a decrease after 6 hours and was not
noticed at 24 hours after infection. It was
observed that Curcumin longa reduced virus in

mice.2!
3.3 Ebola Virus

The Ebola virus produces an acute, severe, and
fatal infection that causes extensive internal and
external hemorrhage, ultimately leading to organ
failure, and there is currently no therapy available.
In the final stages of Ebola infection, there is an
overproduction of the cytokine by the immune
system present in the body. It has been found that
Curcumin

curcumin blocks cytokine release.

suppresses the cytokine release, and this
correlates with the clinical advance research in
the experimental models, wherein the excess
production of cytokine plays a remarkable role in

mortality.2223

Abe et al,, 1999 investigated whether curcumin

suppresses the production of inflammatory
cytokines by human peripheral blood monocytes
and alveolar macrophages. It was found that
inhibited monocyte

inflammatory protein-1, interleukin-1[3, monocyte

curcumin interleukin,

chemotactic protein-1, and tumour necrosis
factor-aproduction by 4 phorbor 12p-myristate-
13a acetate (PMA)-stimulated monocytes in a
concentration-dependent manner and at a
concentration of 10 uM, curcumin showed greater
inhibition in the production of cytokines by PMA-
stimulated monocytes and alsolipo-

polysaccharide  stimulated  (LPS)-stimulated

monocytes.24

To know the inhibitory action of curcumin and
its derivatives on the viral proteins of the Ebola
virus, an in-silico approach was done by Noor et
al.,, 2017. It was noticed that curcumin binds to
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viral protein (VP) 40 with a high binding affinity
of -6.3 Kcal/mol. Curcumin forms hydrogen bonds
with residues ALA128 and ALA130 to inhibit VP40
with PRO131

Curcuminoids

and non-covalent interactions
PRO165 GLU160 GLN159.
inhibition on VP24 can halt the formation of a

Kcal/mol. LEU593  ARG596 bind with
bisdemethoxycurcumin by forming hydrogen
bond and other non-covalent interactions with
TRP597 ILE603 &ARG596. It can be observed that
the glycoprotein gets destabilized when it binds
with curcuminoids and the fusion of viral

functional nucleocapsid and dissuade viral membrane with the cells of the host is
infection.  Bisdemethoxycurcumin binds to prevented.2s
glycoprote in with a binding affinity of -7.1
A
Virus Entry ‘:Q:. & Curcumin

Replicase

Structural
Proteins

Release

Fig. 1: Inhibition of anti-viral activity of curcumin in the host cell

3.4 Epstein-Barr Virus
The double-stranded DNA Epstein-Barr virus
(EBV) is also called human gamma herpes virus 4,
belonging to the herpes family. EBV infects the B
cells of the immune system and epithelial cells.
There
infection.2é

Curcumin at 15 M concentration significantly
reduced induction of BamH fragment Z left frame
1 (BZLF1) protein by 12-O-tetradecanoylphorbol-
13-acetate (TPA) at 72 hours, according to
Hergenhahn et al,, 2002, which is a consequence

is no vaccine against the EBV viral

of inhibition of transcription. Curcumin also
inhibited the BZLF1 mRNA induction by each of
the three major EBV inducers and this might be
due to the intermediate steps in all the three
pathways of the EBV induction are sensitive to
curcumin or the pathway-specific elements might
have collaborated with curcumin-sensitive AP-1
sites in Raji-DR-LUC cells.2”

Liu et al, 2019 investigated the effects of
curcumin on the viability of nasopharyngeal
cancer cells, which were assessed using the Cell

Counting Kit-8 (CCK-8) for positive responses to
EBV, HONE1, and HK1-EBV cell proliferation after
the medication was administered. It was found
that the curcumin reduced the viability of the
HONET1 cells in a dose-dependent and also in a
time-dependent manner. The data showed that
curcumin could remarkably reduce the EBV+
Nasopharyngeal Carcinoma (NPC) cell viability
and not for the Human Umbilical Vein Endothelial
(HUVE) and Human Kidney (HK2) cells.28 Also,
Hergenhahn et al,, 2002 found that the HK1- EBV
and HONE1 cells treated with curcumin showed
that curcumin decreased the production of
progeny virion, inhibit the EBV latent and lytic
replication in HK1-EBV and HONET1 cells.?”

3.5 Hepatitis Virus

Hepatitis is a liver inflammation that can be self-
limiting or can develop to fibrosis (scarring),
cirrhosis mortality, and even pandemics and
epidemics. It is generally caused by the hepatitis
virus and there are 5 different hepatitis viruses
i.e., type A, B, C, D & E. Studies have been done
immensely on its effectiveness against hepatitis,

Journal of Drug Vigilance and Alternative Therapies April - June 2021; Volume 1| Issue 2

Copyright © 2021. All rights reserved.

Page 1 68



Rathnakar et al.: Curcumin against Viral Diseases

www.jdvat.org

and curcumin has inhibited the virus pathway and
the mechanism with which virus propagates in the
body.2?

3.5.1 Hepatitis A Virus

Patwardhan et al, 2020 used curcumin to
inactivate the Hepatitis A (HAV) virus, which was
heat sensitive. It was noticed in Fetal Rhesus
Monkey Kidney (FRhK-4) cells and Lilly
Laboratories Cell-Monkey Kidney 2 (LLC-MK2)
cells that curcumin (0.015 mg/ml) treatment
reduced D-values of HAV when juxtaposed with
the D-values of HAV in PBS singly. It was arduous
in getting a remarkable effect of the antiviral
activity of the extracts in a short period of time.30
3.5.2 Hepatitis B Virus

Kim et al,, 2009 investigated the antiviral impact
of C. longa extract (200 and 500 mg/L) on
Hepatitis B virus (HBV) replication in HepG 2.2.15
cells in vitro. ELISA was used to evaluate the level
of HBsAg secretion. The extracellular release of
HBV particles from HepG 2.2.15 was remarkably
impeded due to the treatment of the C. longa
extract and it was observed that C. longa extract
remarkably subdue the replication of HBV. C
longa extract showed 80% inhibition to the
secretion of HBsAg. It is noted that the subduing of
HBV replication by C. longa extract is most likely
the outcome of the suppression of HBV RNA
transcription. It was observed that the regulatory
mediator p53 protein is majorly required for the
anti-HBV activity of C. longa extract.

The HBV transcription which was subdued by
the activity of C. longa extract in HepG 2.2.15 cells
was reinstated due to the expression of the
dominant-negative mutant p53 protein. It was
observed that the mRNA level of the wviral
polymerase gene reduced and it was noted that
the repressed transcription of the HBV X protein
(HBx) gene was significantly reinstate by
dominant-negative mutant p53 protein. From the
data of the research, the CLL extract can be used
as a secure herbal medicine in the treatment of
liver diseases which are induced by HBV infection
because it did not showed any cytotoxicity.3!

Wei et al, 2017 performed an experiment on
whether curcumin inhibits HBV replication and

expression, HepG 2.2.15 cells were treated with
various concentrations of curcumin and the
cytotoxicity was evaluated. It was observed that
there was major decrease in the covalently closed
circular (cccDNA) (75%), and mRNA (24%) and
the HBV replication intermediates when evaluated
with the help of RT-PCR and Southern blot
experiments. They also studied the inhibition of
Hepatitis B virus by reducing the histone
acetylation by curcumin with the help of histone
deacetylase inhibitors, sodium butyrate, and
Trichostatin A (TSA). It was observed that when
cells were administered with curcumin and
sodium butyrate, HBsAg and cccDNA levels were
increased by 31.3% and 2.4-fold respectively.32
3.5.3 Curcumin on Concanavalin A (Con A)-
Induced Hepatitis

Curcumin pretreatment protects mice from
Concanavalin A (ConA)-induced liver damage,
according to Wang et al,, 2012. Curcumin was
intraperitoneally administered to mice Zhrs
before Con A injection. It was noticed that serum
Alanine Aminotransferase (ALT) levels were
remarkably increased in mice after Con A

administration and curcumin pretreatment
remarkably attenuated Con A-induced elevation of
serum ALT. Mice pretreated with curcumin
showed minor liver damage and increased the
survival of mice. Curcumin treatment reduces
hepatocyte apoptosis, inhibits HMGB1 releasing
and expression, and lowers inflammatory cytokine
release in Con A-induced hepatitis, according to
the findings.33

3.5.4 Hepatitis C Virus

Curcumin's effects on the intracellular replication
of the Hepatitis C virus (HCV) genome were
studied by Kim et al. in 2010. Curcumin and
(IFN-a)
inhibitory effect on the replication of HCV. It was

interferon-alpha exerted remarkable
observed that the replication of HCV was
remarkably suppressed by curcumin in vitro and
curcumin can be further studied as a potent novel

anti-HCV reagents.3*

3.6 Herpes Simplex Virus

Herpes simplex virus type-1 (HSV-1) or herpes
simplex virus type-2 (HSV-2) are the causative
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HSV-1 is
transmitted due to oral-to-oral contact or oral-

agents for herpes simplex virus.
genital contact which causes genital herpes.
Administration of antiviral drugs shows an effect
on the virus and reduces the severity of the
infection but does not offer a cure to the
infection.3>

Curcumin, a phenolic molecule, was found to
have anti-herpetic activity against HSV-1 by
Kutluay et al., 2008. In plaque assay, it was found
that curcumin reduced the lytic infectious cycle of
the virus and decreased the ability of the cells to
reinforce the HSV-1. Curcumin treatment reduced
the ability of the cells to reinforce the HSV-1 virus
and slow down the process but it could not block
the replication. It Curcumin had a more direct role
in inhibiting the Immediate early (IE) gene
transcription which thereby reduces the ability of
the virus to perform its lytic infectious cycle.36

After 12 hours of post-infection, curcumin-
treated HSV-1 infected vero cells and HSV-1
infected vero cells showed that curcumin
treatment prevents viral production in the cells
and affects the replication cycle of the virus. The
study indicated that curcumin inhibits the
replication in HSV-1 and HSV-2 cells and thereby
causes a hurdle in the lytic cycle of the virus.3?
Also, Zandi et al, 2010 studied the HSV-1 anti-
viral activity of curcumin and it was found that
curcumin showed a significant antiviral effect on
the HSV-1 in the Vero cell culture.38

Curcumin's anti-herpetic efficacy was studied
by Ferreira et al. in 2015 in primary genital
epithelial cells wherein it was found that at a
concentration of 5 uM of curcumin decreased the
shedding of HSV-2 by 1000-fold and at a
concentration of 50 uM of curcumin there was no
HSV-2 virus in the supernatants of the cell
vultures. And genital epithelial cells were
pretreated with nuclear factor kappa light chain
enhancer (NF-kB), then infected the cells with
HSV-2, it was found that the NF-kB inhibitor
pyrrolidine dithio-carbamate significantly blocked
the shedding of virus in primary genital epithelial

cells when exposed to HSV-2.39

3.7 Human Adeno Virus

Adenovirus (HAdV) is a double-stranded DNA
virus that is non-enveloped and belongs to the
Adenoviridae family. This virus may infect a wide
range of hosts. There is no antiviral drug to treat
adenoviral infections and the treatment is based
on the symptoms.40

Curcumin was tested at different doses for anti-
adenoviral activity in A549 cells infected with
HAdV-5 at a MOI of 10 and 1 hour after infection
by Jennings & Parks, 2020. It was found that there
was a dose-dependent reduction in the quantity of
Early 1A (E1A) protein in HAdV-infected cells.
Treatment of the infected cells with 50 uM of
curcumin for a period of 8hrs of infection showed
that it prevented the expression of the E1A and
when treated with curcumin for 1hr of infection,
did not reduce the E1A protein showing that
curcumin does not inactivate the virus or prevent
the internalization.*!

3.8 Human Cytomegalovirus

Cytomegalovirus (CMV) is a double-stranded DNA
virus belonging to the family Herpesviridae.
Newborns infected before birth, infants who are
infected after birth or after a short time, people
who have a weak immune system and people
suffering from Human immune deficiency virus
(HIV) are more likely to show symptoms.+2

Curcumin significantly reduced the increase of
protein production of Hsp90 by Human
cytomegalovirus (HCMV) in a dose-dependent
manner, according to Lv et al., 2015. Targeting
Hsp90 provides a method for the treatment of
infection. This increases the endurance rate of the
host cells.

The in vitro study showed selective antiviral
activity of curcumin against HCMV. Curcumin
could decrease the load of HCMV DNA and it was
observed that curcumin had different activity
against HCMV in vitro after 48hrs of treatment.
This study indicates that curcumin might have the
ability to inhibit the replication of HCMV DNA and
curcumin could decrease the number of apoptosis
of the infected cells.*3

Lv et al,, 2014 used flow cytometry to assess the
effect of curcumin on HCMV-infected human
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embryonic lung fibroblast (HELF) cell cycle. This
study indicated that significantly
reduced the HCMV immediate early antigen (IEA),
UL83A expression, TNF-a, IL-6, secretions and

curcumin

recovered cell proliferation to normal level in
HELF cells infected with HCMV.44

Curcumin's antiviral activity was investigated
by Lv et al., 2020, who treated cells with CMV for
48 hours. Human umbilical cord vein endothelial
cells and mouse embryo fibroblast cells were
observed to have less cytopathic effect in the
model group when compared with the normal
control group after treatment with different
dosage of curcumin on the infected cells. The
results showed that curcumin inhibited the CMV
replication, their proliferation, reactive oxygen
species production as well as the cytokines.*s
3.9 Human Immunodeficiency Virus
The Human Immunodeficiency Virus (HIV) are
two species of lentivirus that infect humans and
with time they cause acquired immunodeficiency
syndrome (AIDS) which is a condition wherein,
there is a failure of the immune system causing
life-threatening infections and cancers to thrive in
the body. Curcumin is been under study for its
anti-viral properties and immensely studies have
been done on its anti-viral effect on HIV. Studies
reveal that curcumin can inhibit HIV in various
mechanisms and biological steps.46

Curcumin and its compounds suppress
transactivation, according to Barthelemy et al,
1998. Henrietta Lacks (HeLa) H12 cells

containing the bacteria lacZ gene under the
control of HIV1 Long terminal repeat (LTR) was
used. At 10 nM concentration, only 30% of
inhibition was seen, and at 1nM, 35% of inhibition
was obtained which is 10 times lower than 10 nM.
It was observed that C; (hexahydrocurcumin) at 1
nM inhibited Tat-induced transactivation by 54%
and at the same concentration of 1 nM curcumin
showed just 35% of inhibition. No significant
differences were observed between curcumin and
Ci at 10 and 100 nM and C; (ally-curcumin) was
observed to be inactive. On the other hand, C;
exhibited the
inhibition activity, 70% inhibition at a concen-

(tocopheryl-curcumin) most

tration of 1 nM, and at the same concentration of 1
nM, curcumin only showed 35% of inhibition.4”
Kumari et al.,, 2015 investigated the efficacy of
curcumin and curcumin A in inhibiting HIV-1
infection in one cycle. CEM-T cells were cultured
and infected with vesicular stomatitis virus
glycoprotein (VSVG)-pseudotyped HIV-1 pNL4-3
virus expressing luciferase in place of nef (HIV-1
Luc). The cells were treated with the compounds
for 24hrs and luciferase activity was measured,
which is an indicator of HIV-1 replication. It was
noticed that one round of HIC-1 infection was
equally inhibited by curcumin and curcumin A.
Primary Peripheral blood mononuclear cells
(PBMCs) were activated by treatment with
Phytohemagglutinin (PHA) and IL-2, and they
were infected with HIV-1 Luc 24hrs and then
treated with curcumin or curcumin for 24hrs. It
was observed that curcumin and curcumin A
inhibited HIV-1 infection, and curcumin A was
more potent than curcumin. It was noted that
curcumin A inhibits one round of HIV-1 infection
when compared to curcumin in CEM-T cells which
showed more potent activity in primary PBMCs
and also it was noticed that curcumin A showed a
greater therapeutic window in CEM-T cells and
PBM(Cs.8
3.10 Human Papilloma Virus
The human papillomavirus is a DNA virus
belonging to the family Papillomaviridae. Patients
infected with HPV do not show symptoms and
most of them resolve within a span of 2 years. In
severe cases, HPV infection persists for a long time
and causes precancerous lesions, and these
lesions later develop into cancer in the body parts
such as the cervix, vagina, penis, mouth, tonsils.
There is no proper treatment for the HPV infection
and the body’s immune system clears the virus.49
Curcumin modulated the expression of the HPV
viral oncogene expression, according to Divya and
Pillai, 2006 wherein the total RNA was extracted
from the HeLa and SiHa cells which were treated
with different concentrations of curcumin for
24hrs. Reduced expression of HPV-18 E6 and E7
genes were found in HeLa cells when treated with
curcumin. In the case of detection of oncoproteins,
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SiHa cells HPV-16 E6 and E7 expression when
treated with the curcumin and in HPV-18 E6 and
E7 proteins reduced with curcumin treatment.5°
3.11 Kaposi’'s Sacroma-Associated Herpes
Virus
Kaposi’s sarcoma-associated herpes virus (KSHV)
is a double-stranded DNA virus. It is the ninth
known human herpes virus and it is officially
called Human gamma herpes virus 8. Antiviral
drugs such as ganciclovir are used as they target
the replication of the virus and prevent the
development of the virus; these are of no use
when the tumor has already developed before.5!

Li et al, 2019 investigated whether curcumin
inhibits the
apyrimidinic endonuclease 1 (APE1). Electro-

redox function of Apurinic/
phoresis mobility shift assay experiment was
performed and it was observed that curcumin
inhibit APE1 redox function, Kaposi’s Sarcoma-
Associated Herpesvirus (KSHV) lytic replication
by inhibiting the TPA-induced AP-1 pathway
andregulator of transcription activation (RTA)
expression. Curcumin significantly blocked the
reactivation of the KSHV in a dose-dependent
manner and the expression of delayed-early gene
K8.52
3.12 Norovirus
Norovirus (NoV) is a single-stranded water-borne
RNA virus that causes acute gastroenteritis.
Norovirus is a non-enveloped virus and it belongs
to the family Caliciviridae. Norovirus is a highly
contagious infection. There is no treatment for
norovirus infection and treatment is considered
by preventing dehydration.53

Curcumin substantially inactivated Murine
Norovirus (MNV-1) according to Wu et al.,, 2015,
who investigated the photodynamic activity of
blue-light activated curcumin against MNV-1. The
inactivation of MNV-1 was not found to differ
significantly between blue-light irradiation alone
(L+S-) and the (L-S-).
Transmission electron microscopy (TEM) was

negative  control
used to examine the ultrastructural morphology of
MNV-1, and tiny bits of debris from damaged
MNV-1 were found in the photodynamically

activated curcumin-treated group at 10 M

concentration. For six hours, live oysters were
exposed to MNV-1, which accumulates norovirus
in their intestines. The virus was removed from
the intestines, and a plaque assay was performed
by exposing them to blue light. MNV-1 was shown
to be significantly decreased in a dose-dependent
manner.>4

Curcumin's potential to destroy viral particles
and inhibit viral replication in MNV and HuNoV
cells (HG23) was investigated by Yang et al., 2016,
wherein it was found that curcumin at different
concentrations and in different time exposure
effect
Randazzo et al,

in a dose-
2016
evaluated the antiviral activity of photoactivated

showed its anti-noroviral

dependent manner.55
curcumin on norovirus surrogates, murine
norovirus (MNV) and feline calicivirus (FCV) were
evaluated and it was observed that curcumin at
different compositions (13.5-1358 uM) reduced
the tissue culture infective dose (TCIDsg) of FCV
and MuNoV and it showed greater effect against
FCV. The effect of photodynamically activated
curcumin was greater when the concentrations of
viral titers were very low and this might be due to
low amount of ROS produced from the curcumin-
which

needed to act over a larger number of viruses.56

mediated photodynamic inactivation
3.13 Respiratory Syncytial Virus

Respiratory syncytial virus (RSV), also known as
human respiratory syncytial virus (hRSV) and
Human orthopneumovirus, is a highly infectious
virus that infects the respiratory tract and belongs
to the Pneumoviridae family. RSV is a single-
stranded RNA virus with a negative sense, and its
name comes from the enormous syncytia that
develop when infected cells fuse together.5?

Obata et al, 2013 investigated if curcumin
might inhibit RSV replication, which is also an NF-
kB inhibitor, wherein the human nasal epithelial
cells were pretreated with curcumin at 1 and 10
pug/ml 30 min before treatment with RSV at an
MOI of 10pug/ml Curcumin which prevented the
production of RSV/G- and M2-1-protein, which
indicated the replication of the RSV. RSV
replication and budding, as well as epithelial
responses to it, were all reduced by curcumin

Journal of Drug Vigilance and Alternative Therapies April - June 2021; Volume 1| Issue 2

Copyright © 2021. All rights reserved.

Page 1 72



Rathnakar et al.: Curcumin against Viral Diseases

www.jdvat.org

without producing any damage. Curcumin has
wide pharmacokinetic effects as an inhibitor of
NF-kB, elF-2a dephosphorylation, proteasome,
and cyclooxygenase-2 (COX2). HNECs infected
with RSV were exposed to the elF-2a dephos-
phorylation blocker salubrinal, the proteasome
inhibitor MG132, and COX1 and COX2 inhibitors.
The replication of RSV and epithelial responses
were reduced by salubrinal, MG132, and COX2
inhibitors like curcumin, and the upregulation of
tight produced by RSV
infection was addressed with salubrinal and

junction molecules

MG132. These findings suggest that curcumin can
reduce RSV replication and epithelial responses to
it without causing cytotoxicity, but more research
is needed to see if it can be utilized as a treatment
for RSV infection in babies and young children
with severe lower respiratory tract illness.>8

Yang et al, 2017 loaded B-cyclodextrin (CD)
functionalized graphene oxide (GO) composite
with curcumin and it was observed that it showed
significant anti-viral activity against RSV. Tissue
culture infectious doses assay and
immunofluorescence assay was performed and it
revealed the curcumin-loaded graphene oxide was
showing selective inhibition i.e. there was
competitive inhibition to inhibit the viruses from
binding to the cells. And it was observed that the
Curcumin-loaded graphene sulphonated
composite reduced the viral attachment in pre and
post-treatment.5?
3.14 Severe Acute Respiratory Syndrome
Coronavirus-2
Curcumin and its derivatives were tested for their
ability to bind to the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) spike
protein and SARS-CoV by Patel et al., 2020. It was
predicted that the bis-demethoxy curcumin,
compound-4, and compound-2 significantly bind
to the Receptor-Binding Domain (RBD) domain of
the SARS-CoV-2 spike protein and SARS-CoV spike
in silico studies. Curcumin and its derivatives
showed a significant molecular weight value
(MV<500) which is essential for the remarkable
penetration through the biological membranes.60

With the help of computational modeling,

simulation, and absorption, distribution,
metabolism and excretion properties and Various
toxicities (T) studies were done against SARS-
CoV-2 targets, curcumin keto and curcumin enol
forms were observed as complimentary to bind
with the S-glycoprotein and envelope protein of
SARS-CoV-2 and with the help of binding energy,
docking score, and molecular dynamic simulation,
it was observed that keto form was more
acceptable for the drug targets i.e, the spike
glycoprotein RBD region and envelop protein.6!
Wen et al., 2021 also noted that curcumin had
inhibitory action when assayed with the help of
cytopathogenic effect (CPE) between different
range of concentrations and thus can be used in
the production of antigens which can inhibit the
SARS-Corona virus.2
3.15 Vesicular Stomatitis Virus
Vesicular stomatitis virus (VSV) is an RNA virus,
member of the Rhabdoviridae family. It is an
enveloped virus and various varieties of insect
and mammalian cells are infected due to this
virus. People infected with this virus sometimes
causes mild febrile illness.63
2017

curcumin structural analogues could reduce the

Mounce et al, evaluated whether
infectivity caused by VSV. Incubation was done
with escalating doses of demethoxycurcumin, bis-
demethoxycurcumin, EF-24, and FLLL31. It was
observed that curcumin along with its structural
analogues showed antiviral activity against VSV
wherein demethoxy and bisdemethoxycurcumin
showed similar inhibition levels as that of
unmodified curcumin and with 50 or 500 uM
doses of EF-24 and FLLL31 reduced VSV titers up
to 90%. This antiviral activity exhibited by these
structural analogues was due to the modification
of the methoxy groups of the molecule. It was
noted that VSV when incubated with curcumin
and its structural analogues, the ability of the
virus to bind to the cell surfaces was decreased
and the infectivity was lost.64

3.16 Zika Virus

Zika virus (ZIKV) is an RNA virus belonging to the
family Flaviviridae and is spread by Aedes

mosquitoes, such as A. aegypti and A. albopictus.
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Zika virus infection is accompanied with
neurological complications such as Guillain-Barré
syndrome, neuropathy and myelitis in children
and adults. There is no treatment available for
Zika virus infection and to the associated diseases
along with it.65

A study was done to predict the interactions
between curcumin and four different potential
targets of ZIKV by Kim et al, 2021. After
performing a molecular docking study, it was
observed that curcumin-TNF displayed the
strongest binding. With the help of antiviral and
plaque reduction assay, the anti-Zika effects were
validated in vitro. Curcumin at a concentration
range of 12.5 to 50 puM showed significant
antiviral activity in a dose-dependent manner
(P<.05).66

On ZIKV, Mounce et al., 2017 performed a time-
of-addition experiment. HeLa cells were treated
with 5M curcumin at various periods before and
after infection with ZIKV, and viral filters were
measured 48 hours later at MOI 0.1. When the
therapy was started after the infection, it was
discovered that ZIKV was susceptible to curcumin.
The researchers made derivatives compounds by
manipulating the chemical structure of curcumin
to know about their antiviral activity and they are
demetheoxycurcumin, bis-demethoxycurcumin,
EF-24, FLLL31. These four compounds were
incubated with ZIKV with increasing doses and
these compounds exhibited antiviral activity
against enveloped ZIKV. Demethoxycurcumin and
bis-demethoxycurcumin showed similar
inhibition levels as that of unmodified curcumin
whereas EF-24 and FLLL31 showed limited

antiviral activity.64
4. CONCLUSION

Curcumin and its equivalents have been shown to
suppress the replication of a variety of RNA and
DNA viruses through a variety of methods. In
recent years there is large usage of curcumin in
various formulations. With the increase of the
demand, the growth of curcumin has increased
and research is been conducted on its diverse
applications. Though there are drawbacks with

the bioavailability of curcumin, poor solubility,
rapid metabolism, short half-life but Curcumin’s
effectiveness as an antiviral compound has been
profoundly successful in treating different
diseases. Ongoing research on curcumin and its
derivatives should be further to extract the full
effective antiviral properties with increased
bioavailability, solubility, distribution, and low
toxicity which could make its usage as a broad-
spectrum antiviral agent for the welfare of the

human and wildlife.
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