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Antiviral Efficacy of Tinospora
cordifolia — A Review
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Abstract

Since ages, plants have had a pivotal role as medicine due to their therapeutic value. Tinospora cordifolia is a
well-known plant with versatile medicinal properties including hypoglycemic, anti-inflammatory, antioxidant,
immunomodulatory, and antimicrobial, which can be attributed to its secondary metabolites. Viral infections
constitute a major faction of human diseases. Developing efficient and novel therapeutic agents to combat viral
diseases is an ongoing process, wherein plant-derived natural products are a potential source. 7. cordifolia has
been explored for its use in viral infections as an immunomodulatory and antiviral agent. Bioactive components of
the plant, such as berberine, tinosponone, tinocordiside, isocolumbin, magnoflorine, tinosporin, and cordiofoliside
have been reported to exhibit antiviral efficacy. The present review summarizes the efficacy of 7. cordifolia as an
anti-viral agent and its role in combating viral infections.
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INTRODUCTION

he term “Traditional medicine” refers
I to the time-tested and indigenous
systems of medicine. The World Health
Organization defines traditional medicine
as therapeutic practices developed and used
hundreds of years before the onset of modern
medicine.!V India is renowned for its traditional
system of medicine Ayurveda, which was
conceptualized between 2500 and 500 BC.™
A significant proportion of components used
in Ayurveda include medicines derived from
plants, also known as herbal medicines. Herbal
medicines are used worldwide for their lesser
side effects, easy availability, and effectiveness.
Extensive research on herbs has proven their
efficacy in many communicable and non-
communicable diseases. One such plant with
highly valued medicinal properties and widely
used in Ayurvedic preparation is Tinospora
cordifolia.

T. cordifolia belongs to the Menispermaceae
family, which is a vibrant source of alkaloids
and terpenes.?! It is a climbing shrub with dense
foliage [Figure 1]. It is frequently found in
dry and deciduous forests. 7. cordifolia stems
are fleshy and have many twining branches.
It produces flowers and fruits in summer and
winter, respectively.l The plant is native to
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India, Myanmar, Sri Lanka, and China. In India, it is found in
tropical and subtropical regions and known by many names
such as Amritbel, Guduchi, Giloy, and Amarlata.’! Ayurveda
pharmacopeia of India recommends the use of 7. cordifolia
as a therapeutic agent in various ailments such as fever,
anemia, leprosy, symptoms of obesity, diabetes mellitus, and
jaundice.®

Different parts of 7_ cordifolia such as leaves, stems, roots, and
the whole plant in itself are widely used by indigenous tribes
in India for the treatment of many health disorders. It also
finds an important place in commercial herbal formulations.
Giloy juice and powdered plant material are available as
ready-for-consumption products. Reportedly, the plant is a
rich source of several biologically active compounds such
as flavonoids, alkaloids, diterpenoid lactones, glycosides,
steroids, sesquiterpenoids, phenolics, aliphatic compounds,
and polysaccharides.” Such a varied array of bioactive
components make it an important medicinal plant with a
versatile range of applications.
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Figure 1: (a and b) Morphology of Tinospora cordifolia

USES OF T. CORDIFOLIA AS FOLK
MEDICINE

T. cordifolia extract is used either by itself or in combination
with other herbs to treat many common ailments. Some
of its important medicinal properties are hypoglycemic,
anti-inflammatory, anti-arthritic, antioxidant, anti-
allergic, anti-malarial, anti-cancer, hepatoprotective, and
immunomodulatory. Listed below are some of the common,
documented applications of 7. cordifolia especially among
tribals throughout India [Table 1].

PHYTOCOMPONENTSOF T.CORDIFOLIA

Extensive research has revealed that 7. cordifolia extract
contains many biologically active phytocomponents, some of
which are listed in Table 2.

ROLE OF T. CORDIFOLIAIN COMBATING
VIRAL INFECTIONS

T. cordifolia has been widely investigated for its application
in viral diseases and antiviral effectiveness. Many reports
have been published wherein 7. cordifolia extracts have been
studied for their in vitro, in vivo, and in silico proficiency
against viruses. In vitro experiments demonstrate the antiviral
efficacy of the test material in terms of reduction in viral titer
and give a fair idea of its mode of action. In experiments
involving animal models, the antiviral efficacy is measured
based on physiological and immunological parameters, and
clinical symptoms.

Stimulation of the immune system is an important aspect of
combating infections.?*® During viral invasion, a wide array
of host mechanisms come into play. The innate immune
responses function with the major objectives of inhibiting
the infection and protecting the spread of the virus to other
cells by killing virus-infected cells before adaptive immunity
sets in.*! Toll-like receptors (TLRs) are a family of pathogen
recognition receptor proteins expressed by many immune
system cells such as the phagocytes and dendritic cells.
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Table 1: Uses of T. cordifolia in the management of

common ailments”

Ailments Mode of application of T. cordifolia

Fever Combined paste of T. cordifolia stems and
roots of Solanum surattense roots in a
specific proportion. Root extract is taken
orally. Mature stems’ decoction taken orally

Cancer Powdered root and stem of T. cordifolia
consumed with milk

Dysentery, Oral consumption of root concoction

diarrhea

General Around 4 g of T. cordifolia stem is boiled in

debility water and the decoction is consumed on an
empty stomach

Cough The combined powder of T. cordifolia,
Terminalia chebula, and Trachyspermum
ammi in equal proportions is consumed with
salt, once a day, early morning

Leucorrhea  The paste of T. cordifolia and seeds of
Piper nigrum is eaten every morning

Asthma The juice expressed from the stems of
T. cordifolia is mixed with honey and
consumed

Skin disease T. cordifolia stem extract prepared by

boiling in hot water is consumed.

T. cordifolia: Tinospora cordifolia

TLRs identify pathogen-associated molecular patterns and
initiate expression of type I o or B interferons (IFN) and
IFN-stimulated genes, and other cytokines, all of which lead
to antiviral activity through a network of mechanisms.?? In
addition, the non-specific response of natural killer (NK)
cells which destroy virus-infected cells, and virus-specific
T-cell responses also play a major role in defense against
viruses.?3

One of the significant properties of 7. cordifolia is its
immunomodulatory effect which could enhance the immune
system in fighting against viral infections. 7. cordifolia
extracts prepared in alcoholic solvents and water were
beneficial for the immune system®**! and have shown
good immunomodulatory activity.’*”! Among the many
phytocomponents of 7. cordifolia, phenylpropanoid
glycosides including cordifoliosides A and B and syringin
have been documented as the primary immunomodulatory
components.?** The plant-derived glycopeptide (1,4)-alpha-
D-glucan has been shown to have immunomodulating
properties through stimulation of NK cells, T-cells,
and B-cells. It could activate macrophages through
TLR6 signaling, NFkappaB translocation, and cytokine
production.?# The immunomodulatory effect of 7. cordifolia
can be attributed to a collaborative activity of the components
such as 11-hydroxymustakone, N-methyl-2-pyrrolidone,
N-formylannonain,  Cordifolioside =~ A, magnoflorine,
tinocordiside, and syringin."!! In silico analysis makes use of
bioinformatics to analyze the molecular docking effectiveness




Table 2: Reported bioactive components

Plant Reported bioactive components

part

Whole Diterpenes®'

plant Furanolactone diterpenes, Clerodane diterpene
and derivatives, Columbin, Tinosporon,
Tinosporides
Aliphatic compoundst{'s-'l
Octacosanol, Heptacosanol
Others[10,11,19-23]
Nonacosan-15-one3,(a,4-dihydroxy-3-
methoxy-benzyl)-4-(4-hydroxy-3-methoxy-
benzyl)-tetrahydrofuran, Giloin, Jatrorrhizine,
Tinosporidine, Cordifolone, Tinosporon,
Tinosporine, Tinosporol Tinosporic acid,
20p-hydroxyecdysone

STEM  Alkaloids!'%24
Berberine, Palmatine, Tinosponone and
Tinocordioside
Glycosides/5™
18-norclerodane glucoside, Furanoid diterpene
glucoside, tinocordiside, Tinocordifolioside
Cordioside, Cordifolioside a Cordifolioside b,
Syringin, syringin apiosylglycoside Palmatosides,
Cordifolisides A, B, C, D, E
Steroids[17,18,23,26]
Hydroxyecdysterone, Makisterone A, Giloinsterol,
Beta Sitosterol
Sesquiterpenoids?728!
Tinocordifolins, Furano diterpene glucosides
(Amritoside A, B, C, D)

ROOT  Alkaloids!?529

Tembetarine, Magnoflorine Choline, Tinosporine,
Isocolumbin, Palmatine, Tetrahydropalmatine

of plant-specific phytochemicals and target proteins on the
virus. Innumerable research findings have been published on
in silico experiments involving the activity of 7. cordifolia
against severe acute respiratory syndrome corona virus-2
(SARS-COV-2). The present review is an attempt to appraise
the efficacy of 7. cordifolia as an anti-viral agent and its
usefulness in combating viral infections.

BIOACTIVE COMPONENTS OF
T. CORDIFOLIA WITH ANTIVIRAL
ACTIVITY

Among the many diverse classes of bioactive components that
have been so far isolated from 7. cordifolia, some have shown
promising antiviral efficacy. These components have been
studied through in silico, in vitro, and in vivo models. Some
important bioactive components reported to have in silico
antiviral efficacy are shown in Table 3. 7. cordifolia extract
has been extensively explored and reported for its use in
combating the following viruses and viral infections.
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HUMAN IMMUNODEFICIENCY VIRUS

In a controlled trial where HIV-positive patients were
administered 7. cordifolia extract, it was observed that the
treatment showed a reduction in eosinophil count, which can
be attributed to its reported immunomodulatory effect. There
were no significant changes in the average lymphocyte count.
However, patients receiving 7. cordifolia reported a decrease
in clinical symptoms (Kalikar et al., 2008).1" In Ayurveda,
HIV infection is associated with ojokshaya (loss of vitality)
for which Rasayana Chikitsa, which enhances immunity is
considered the primary form of therapy. In a study involving
HIV-positive patients, one group of subjects was orally
administered Shilajatu (Mineral pi 7. cordifolia) treated
with T cordifolia, Centella asiatica, and Emblica officinalis
along with routine antiretroviral therapy (ART). It was found
that these patients responded better in terms of clinical
symptoms and biochemical profile thus showing an overall
decrease in ART resistance.*™ In an in vitro experiment, the
petroleum ether, ethanol, and aqueous extract of 7. cordifolia
stem powder was subjected to anti-HIV testing in vitro by
employing reverse transcriptase (RT) inhibition assay and
GP120 binding inhibition assay. It was observed that the
petroleum ether and ethanol extracts of exhibited significant
inhibition of GP120-CD4 binding and RT, respectively.*”!
Ethanolic extracts of 7. cordifolia leaves have been reported
to possess considerable inhibitory activity against HIV
protease.% In another in vitro study using peripheral blood
mononuclear cells, ethyl acetate extract of dried leaves of
T. cordifolia, at a concentration of 20 mg/mL, was reported
to show a very high degree of 85% inhibition of HIV-1 RT
almost at par with the standard drug, while exhibiting medium
cell cytotoxicity.!

A herbal treatment of AIDS reported that 7. cordifolia in a
synergistic formulation with various other herbs stimulates
immunity, enhances CD4 levels, and decreases viral load.’
Another formulation consisting of chitin and 10% bioactive
metabolite tinosporin from 7. cordifolia claims to work as
an immunostimulant along with the HIV-inhibitory action of
the latter. The precise mode of action of tinosporin on HIV
could not be deduced; however, it was reportedly attributed
to inhibition of virus entry into cells or virus inactivation.

H1N1 INFLUENZA

The novel HINT1 influenza A virus, causative agent of the
2009 outbreak, was deemed to originate from a genetically
reassorted swine flu virus often causing severe infection with
mortality, in immunocompromised patients.** Traditional
medicine recommends an oral intake of a concoction of
one foot long of 7. cordifolia and seven leaves of Ocimum
sps to prevent swine. The immunomodulatory activities
of T cordifolia enhance macrophage activation, induce
immunoglobulin G antibodies levels in serum, and stimulate
humoral and cell-mediated immunity, thus helping in
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Table 3: Bioactive components of T. cordifola with reported in silico antiviral activity

Name of the compound Structure

with pubchem ID

Mode of activity

Berberine (2353)

Tinosponone (15215479)

Tinocordiside (177384)

Isocolumbin (24721165)

Magnoflorine (73337) ~

Cordiofoliside A |

(101676711) : ii e
ﬂ/(f L
- ST

In silico studies against 3CLpro

Protease of SARS-CoV-2142

Molecular docking studies against Surface
glycoprotein and RNA-dependant RNA polymerase
of SARS-CoV-2143

In silico studies against 3CLpro
Protease of SARS-CoV-2144

In silico studies against Mpro

Protease of SARS-CoV-214!

In silico studies against receptor biding domain
Surface of SARS-CoV-24

In silico studies against SARS-CoV-2 protease,
glycoprotein, and RNA polymerase!*!

In silico studies against protease of SARS-CoV-2143

In silico studies against spike 1 receptor binding
protein of SARS-CoV-2

And in vitro against the SARS-CoV-2 S1-RBD using
an enzyme-linked immunosorbent assay!“¢!

T. cordifolia: Tinospora cordifolia, 3CLpro: 3C-like protease, SARS-CoV-2: Severe acute respiratory syndrome corona virus-2, Mpro: Main

protease, RBD: Receptor-binding domain

overcoming the flu symptoms and reduction of viral load.!>*-®!
Tinosporaside, a naturally occurring diterpene, isolated from
T. cordifolia reportedly has antipyretic activity which can be
efficiently used in the treatment of HIN1 patients.”

SARS-COV-2

COVID-19 caused by SARS-COV-2 emerged as the most
significant pandemic affecting more than eight million people
with high morbidity and mortality rates.’” 7. cordifolia was
one of the plants which were extensively explored for its in
silico analysis against the virus. Among the many proteins
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encoded by the SARS-CoV-2 genome, the primary drug
targets include its main protease (Mpro), spike protein, RNA-
dependent RN A polymerase, papain-like protease, and 3C-like
protease (3CLpro). Two most important host proteins which
aid in the SARS-COV-2 entry into host cells are angiotensin-
converting enzyme-2 (ACE-2) and transmembrane protease,
serine-2 (TMPRSS-2). The binding of viral spike (S)-protein
to ACE-2 and its cleavage by TMPRSS-2 results in the viral
entry into the host cells. Thus mode of action in the inhibition
of the virus could include binding of the drug molecules to
the host’s ACE-2 and TMPRSS-2 receptors besides induction
of immune stimulation of inflammatory mediators and
TLRs.1*! Berberine, columbamin, columbine, magnoflorine,




menisperine, syringin, tinocordiside, and tinosporide,
identified in the water and alcoholic extracts of 7. cordifiolia,
were docked against SARS-CoV-2 spike, Mpro, and RNA-
dependent RNA polymerase. Columbin, tinocordiside, and
tinosporaside had better docking scores of around -8 kcal/
moL for Mpro.®? Tinocordiside, a phytochemical isolated
from T. cordifolia, showed the highest binding affinity
to the protease of SARS-COV-2, one of the prominent
drug targets.*”) T cordifolia bioactive compounds were
investigated by molecular docking studies to analyze if
they can interfere with ACE-2-virus spike protein receptor
complex. Tinocordiside exhibits docking capacity, binding
to the middle of ACE-2 receptor-binding domain (RBD)
complex. Further, molecular dynamic studies revealed that
this phytocompound could interfere with the electrostatic
forces of the complex, thereby reducing its stability, in turn
reducing its capacity to facilitate viral entry into cells.[®*

Tinocordiside, berberine, isocolumbin, and magnoflorine of
T. cordifolia showed high binding efficacy against surface
glycoprotein (6 VSB) and Mpro (6Y 84) which are the crucial
targets for SARS-COV-2 alongside RBD (6M0J) and RNA-
dependent RNA polymerase (6M71).31 A study suggested
that berberine, B-sitosterol, octacosanol, tetrahydropalmatine,
and choline, isolated from this plant were found to be very
active against targets such as 3CLpro I and II of the Mpro
enzyme from SARS-COV-2.142

Apart from the above-mentioned phytocompounds,
tinosponone also showed increased binding potential
against the 3CLpro Mpro, a primary target of
coronavirus.*¥  7-desacetoxy-6,7dehydrogedunin  and
columbin of 7. cordifolia incurred great stability against
7NEG and Mpro (7MGS and 6LU7) and selected spike target
(7NEG and 7NX7), respectively.[*

The manufacturers of a commercial herbal formulation, Giloy
Ghanavati, have reported its the effect of on influencing the
measurable characteristics of SARS-CoV-2 spike-protein-
induced disease in humanized zebrafish. The spike-protein
induced elevated inflammatory response, fever, and kidney
damage. The extract countermanded all the characteristics on
par with the reference compound, Dexamethasone. [

HEPATITIS A VIRUS (HAV)

HAV is the etiological agent of the communicable water
and food-borne hepatitis A infection. The whole plant
of T. cordifolia was subject to ethanolic extraction and
investigated for its anti-HAV efficacy in Huh-7 cell lines.
The extract showed promising anti-HAV activity on par with
that of the standard drug camptothecin.!® Molecular docking
studies have revealed that menispermacide, tinosporaside,
and tinosporinone exhibited robust binding affinities with
HAV and can be considered as potent anti-HAV drugs.[*”!
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HERPES SIMPLEX VIRUS

In an in vitro analysis, the crude extract 7. cordifolia revealed
significant activity against herpes simplex virus which causes
oral sores or lesions. The antiviral assay was carried out in
vero cell lines, wherein the crude extract of the plant showed
considerable inhibition of 61.43%.[°]

CHIKUNGUNYA VIRUS

An experimental in vitro analysis of the antiviral activity of
T cordifolia silver nanoparticles (AgNPs) against chikungunya
virus revealed promising results. The assay was based on the
inhibition or reduction of cytopathic effects (CPE) of the
virus in vero cells, measured by 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide assay. The AgNps of
T cordifolia inhibited the CPE by 25-49%.1%)

AVIAN VIRUSES

T cordifolia being an effective immunomodulator, which
is recommended for use in poultry feed. In one research,
the methanolic extract of 7. cordifolia led to enhanced
production of avian T- and B-cell.” Fortifying broiler feed
with 7. cordifolia significantly increased the humoral and
cell-mediated immunity against Newcastle disease.’"! In a
similar kind of study, an in vivo experiment to analyze the
effect of 7. cordifolia against the immunosuppressive chicken
infectious anemia virus revealed promising results. In this
investigation, the chickens in the treatment groups, which
were fed with with 1% pure extract of 7. cordifolia containing
tinosporin, demonstrated better cellular immune responses
with increased CD41 T-cell counts, in comparison to the
chickens in the untreated virus infected control. The treated
birds also presented a decreased viral load when compared to
the untreated virus control group.l’>"!

Infectious bursal disease (IBD) leads to extreme
immunosuppression in the young chicken population.
The disease is caused by IBD virus (IBDV). In an in vivo
study aimed to determine the immunomodulatory effects of
T. cordifolia stem aqueous extract, chicks were infected with
very virulent IBDV. Aqueous extract of the plant was given
to the test group. The test group showed a considerable rise
in the levels of IFN-y, interleukin (IL-2), IL-4, and IL-1 post-
IBD infection, and a decrease in mortality was observed.
In addition, 7. cordifolia extract alone and in combination
with another immunostimulants showed improved vaccine
response in terms of better antibody titer after vaccination.[’¥

CONCLUSION

The battle against viral diseases and its devastating effects
on mankind is an ongoing process, with an inevitable need
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to develop better systems of disease management and novel
anti-viral therapeutics. With the immense bioresources
available in India, medicinal plants are promising explorable
resources. 7. cordifolia is an herb of potent medicinal value.
In the present review, an attempt has been made to appraise
the various facets of 7. cordifolia as an antiviral agent and
its role in combating viral infections. As detailed in the
review, all parts of the plant show considerable activity
against various viruses and are effective in therapeutic
management of viral diseases. The presence of an interesting
array of phytochemicals including alkaloids, terpenoids,
flavonoids, phenols, and polysaccharides make 7. cordifolia
a potent anti-viral source. The plant also possesses significant
immunostimulatory activity as evident from various studies.
Amalgamating, in-depth, evidence-based investigations with
innovative technology can lead to the development of potent
antiviral drugs from 7. cordifolia.
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