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The Potential of Curcumin in Turmeric (Curcuma domestica) and Gingerol in Ginger (Zingiber
officinale) Combination as Immunity Regulator and Inflammation of SARS-CoV-2 Infection
Through Nutrigenomic Approach: A Mini-Review

Ketut Agus Adrianta’, I Gede Bayu Somantara

Departmenr of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Universitas
Mahasaraswati Denpasar, Denpasar Utara 80233, Bali, Indonesia

Abstract

Background: COVID-19 Pathophysiology caused by SARS-Cov-2 is closely related to
immunoregulation and the process of inflammation. Phytonutrients are various types of non-
nutritional phyto-compound substances that have biological activity which can be utilized in
health maintenance. In the research, as a phytonutrient, these nutrients are closely related to
nutrigenomics. Curcumin and gingerol are two types of phytonutrients that have been studied,
researched, and developed as a therapy for a disease.

Objective: This research aimed to examine the potential of curcumin and gingerol as immune and
inflammation regulators in SARS-CoV-2 infection through a nutrigenomic approach.

Methods: Data that have relevance are collected from several scientific journal databases (Google
Schoolar, Elsevier, Science Direct, PubMed, and the Wiley Online Library) published 2010-2021
using different keywords.

Result: Curcumin in turmeric and gingerol in ginger had the potential to be used as a therapy for
COVID-19. Curcumin and gingerol can act as primary and secondary antioxidants that can activate
endogenous antioxidant enzymes, regulate several cell signaling related to immunity such as
Interferon, Nuclear Factor-Kappa Beta, Nitric Oxide, Tumor Necrosis Factor-alpha, as well as
stimulation of anti-inflammatory and pro-inflammatory cytokines homeostasis, especially
interleukins (IL-1f, IL-6, IL-17, IL-8). In silico, these two compounds have also been shown to have
potential as antiviral SARS-CoV-2 by acting as viral protease inhibitors.

Conclusion: The combination of curcumin and gingerol showed synergistic activity in increasing
antioxidant and anti-inflammatory capacities. Thus, it had a greater potential to be used as a therapy
for COVID-19 in a combination.
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1. INTRODUCTION coronavirus that causes SARS (Severe Acute
Respiratory Syndrome), and MERS (Middle
Easet Respiratory Syndrome). Until now
(2019), the world is faced with SARS-CoV-2
which causes COVID-19 (Corona Virus
Disease-19). SARS-CoV-2, like previous
strains of the virus, infects the respiratory

coronavirus is a family group of
coronaviridae viruses. This virus has been
known to infect a variety of hosts (humans
and vertebrates). Coronaviruses have
emerged in recent years, such as the




tract, and several reports mention it infects
the intestines, with various clinical
manifestations from acute to chronic. The
pathology of this virus is not fully understood,
but it is believed that the viral spike protein
plays an important factor in the invasion
process. This viral infection, plays many roles
of the immune system (immunopathogenesis)
and inflammation. Uncontrolled immune
system (dysregulation) causes excessive
inflammation that can cause damage to the
multi-related organs. Patients infected with
SARS-CoV-2 need good immune system
regulation in controlling the severity of the
COVID-19 disease. thus, COVID-19 is
classified as a self-limiting disease. where the
reduction in disease severity and recovery can
be controlled by the patient's own immune
system as a natural defense modality. but
unfortunately, not all individuals have good
immunity regulation. so that efforts are
needed to control the regulation of immunity
and inflammation of patients infected with
SARS-CoV-2.

Phytonutrients or phytochemicals
are various types of non-nutritional phyto-
compound substances that have biological
activity (bioactive) which can be utilized in
health maintenance. As a phytonutrient,
these nutrients are closely related to
nutrigenomics.  Supplements that are
commonly recognized as non-biological
several types of phytonutrients that have
beneficial bioactivity potential to be used,
including polyphenol compounds including
derivatives,
anthocyanins, terpenoids, saponins, alkaloids,
and steroids. these compounds have been
widely reported to have important roles as

flavonoids and their

therapeutic agents of a disease (1,2). Another
important thing from phytonutrients is that
the existence of a dietary nutritional intake of
proportional phytonutrients is proven to help
system regulation to create a balance or
homeostasis of the immune system which is
so needed in patients with immune system
dysregulation (3).

Traditional medicine is medicinal
ingredients or ingredients derived from
plants, animals, minerals, and extract
preparations, or mixtures of these ingredients
that have been used from generation to
generation in the health service system. The
use of medicinal plants as alternative
medicines in medicine in the community is
increasingly widespread. Thus, research is
needed so that their use is by the principles of
health services, that must be scientifically
accountable for their efficacy, safety, and
quality standards. The use of plants as
traditional medicine has been widely used by
people, such as the use of turmeric that is
made by herbal medicine and has long been
consumed by the community. The curcumin
compounds found in turmeric and its family
are phytonutrient compounds with a very
broad of activities to be used as a therapeutic
agent, including
inflammatory,
immunomodulatory, antiviral, antimicrobial,

antioxidant, anti-
anti-rheumatic,

and hepatoprotective. Plants that are widely
used as a traditional medicinal herb besides
turmeric are ginger (Zingiber officinale
Rosc.). The gingerol content in ginger is
proven to have an immunomodulatory, anti-
inflammatory, antiviral, antimicrobial, anti-
inflammatory, and anti-cancer effect.
Therefore, this study will explain the
therapeutic potential of curcumin in turmeric
and gingerol in ginger in their potential to be
used as a COVID-19 therapy which focuses
on its effect as an immunity regulator and
anti-inflammatory through a nutrigenomic
approach.

2. METHODS

In writing this review article, a series
of activities were carried out with regard to
methods of collecting some library data
relevant to the topic, reading and taking
notes, then processed as research material.
The collection and writing of works is carried
out at the Faculty of Pharmacy,
Mahasaraswati University Denpasar. This




writing was carried out from February 1, 2021
to February 11, 2021. Data were collected
using literature study techniques or literature
studies.

The data collected comes from
scientific articles, proceedings, books, theses,
theses, dissertations, and scientific journals,
published from 2010-2021 in Indonesian or
English. Information and data that have
relevance to the topic are collected from
several scientific journal databases such as
Google Schoolar, Elsevier, Science Direct,
PubMed, and the Wiley Online Library. The
keywords written are Curcumin AND
Gingerol, Curcumin AND turmeric, Gingerol
AND Ginger, Curcumin compound or
turmeric as a COVID-19, Gingerol compound
or ginger as a COVID-19 therapy, a
combination of curcumin AND gingerol,
curcumin AND inflammation, Curcumin
AND regulating Immune system, Gingerol
AND  Inflammation, Gingerol = AND
regulating Immune system, Nutrigenomic
curcumin, Nutrigenomic Gingerol.

The data were analyzed by deductive
qualitative descriptive technique. Literature
that fits the criteria is taken and described and
then further reviewed to draw conclusions by
comparing literature sources related to the
focus of research that departs from general
factors to draw specific conclusions.

3. DISCUSSION

3.1 Nutrigenomic Curcumin in Turmeric
(Curcuma domestica) as a therapy for COVID-
19

Turmeric is one of the plants of the
spices tribe (Zingiberaceae). The most
important part of the use of turmeric is the
rhizome. Turmeric leaves are also used for
various types of cooking because they can
eliminate the rancid smell and add to the
aroma of cooking. The curcumin compounds
found in turmeric and its family are
phytonutrient compounds with a very broad
of activities to be used as a therapeutic agent

that have very wide activity, including as an
antioxidant, antidiabetic, anti-inflammatory,
and anti-rheumatic (4,5). Some of the known
chemical content of turmeric rhizome is 6%
essential oil, consisting of monoterpenes and
sesquiterpene compounds, 5% of yellow dye
called curcuminoids, protein, phosphor,
potassium, iron, and vitamin C. Curcuminoid
compounds contain curcumin as the largest
component of  curcuminoids.  Total
curcuminoid content is calculated as % of
curcumin (6,7). Previous research has proven
that the
administrating ethanol extract of turmeric to
white mice with the dose groups of 100, 250,
500, and 1000 mg/kg BW. The treatment
administrated orally is proven in all dose
groups toshow inhibition of edema formation

anti-inflammatory test

that occurs in the feet of rats first. It has been
injected 1% of carrageenan. The activity
referred to as the curcumin modality in
turmeric can be used as an anti-inflammatory
inhibiting
prostaglandins and forcing cyclooxygenation.

therapeutic agent by

enzyme that causes edema (8,9).
SARS-CoV-2 virus infection is closely
related to the Angiotensin Converting
Enzyme 2 (ACE2) receptor which is used as
the main receptor in its invasion process (10).
Curcumin is reported to have activity that can
inhibit aminopeptidase N or APN which is an
important part of the cellular receptor for
alpha CoV. Several types of peptidase have
also been reported to be associated with this
viral infection, such as APN which is found as
alpha CoV receptors, whereas ACE2 as a
receptor for SARS-CoV (11). there is a
mechanism of action of the CoV virus
invasion, where during the process of this
virus  infection,  pathogen-recognition
receptors (PRRs) initially have a good
sensitivity to the patterns and molecular
identities of viral pathogens, so that they will
be continued in the activation of cell
signaling pathways to produce IFN1
(interferon) type 1) (12). Interferon is one of
the major cytokines in the innate immune
response that acts as an activator for antiviral




protein proteins to protect uninfected cells. It
is known that, the CoV virus can be detected
by several types of PRRs, which include Toll-
like-receptors (TLRs), a retinoic acid-
inducible gene I (RIG-I)-like-receptors, and
nucleotide-binding and oligomerization
domain (NOD) -like receptors. Occasionally,
the SARS-CoV accessory protein has also
been known to interfere and damage the
PRRs system, and antagonize the interferons
response, and avoid the immune response
(13-15). The delayed IFNs response can lead
to an uncontrolled inflammatory response. It
has recently been suggested that VCG Plus
may be useful for the regulatory activity of
the innate immune response to protect and
attack viral invasion by regulating receptor
signaling pathways, such as NOD, Toll, and
increasing the production of IFNs (16).

From the immune dysregulation
caused by this viral disease (SARS, MERS,
SARS-CoV-2), it is found that there is a state
of overproduction of cytokines by the
immune system. this has largely been
responsible for the severity and very high
mortality rate in infected patients (17,18).
There have been many research reports
stating that curcumin compounds have anti-
inflammatory bioactivity through regulation
of NF-xB signaling (19). Curcumin
compounds from turmeric, can act as a
reducer and stabilizer of oxidation
metabolism, which affects the antioxidant
repair status and reduction of oxidative stress-
causing radical compounds such as ROS
(Reactive Oxygen Species) and RNS (Reactive
Nitrogen Species) (in vitro) (20). Curcumin
has the ability to reduce and stabilize because
it can release H atoms. The strong antioxidant
property is due to the structure of the
chemical compound is formed from 2
methoxylated phenols which are connected
in the presence of o and P unsaturated
carbonyl groups (21,22).

Research about in silico of curcumin's
potential as an antiviral for SARS-CoV-2 was
reported by Suravajhala et al (2020). They
found that curcumin has a strong binding

affinity for nucleocapsid phosphoproteins
(PDB ID: 6VYO), membrane glycoproteins
(PDB ID: 6M17) along nspl0 (PDB ID:
6W4H). These results indicate that curcumin
has high potentiation for use as therapy in
COVID-19 patients. As its role in regulating
the immune system as well as being anti-
inflammatory, curcumin can block important
signaling pathways that regulate various
proinflammatory  cytokine  expressions
including the Nf-kB and MAPK pathways
(23,24). Another aldy showed that the
bioactivity of curcumin has  anti-
inflammatory and antifibrotic  effects
mediated by the mechanism of reducing the
expression of chemokines and cytokines that
play a role in lung infections such as MCP1,
IL-6, IL-10, IFN MC (25). In a more specific
study on antiviral activity, curcumin is also
known to have an inhibitory effect on human
respiratory virus (RSV) infections with
mechanisms that can inhibit viral replication,
TNF release, and the presence of
downregulating phospho-NF-xB (26). In the
role of a COVID-19 therapy, curcumin can
also mediate an anti-edema role. Udem is one
of the clinical manifestations of pulmonary
inflammation in COVID-19  patients,
histopathological examination of several
COVID-19 Infected patients have shown
clinical manifestations with pulmonary
edema, the presence of multi spotted giant
cells and fibrinoid material as a result of
inflammatory mechanisms (27). Researches
are showing that the prophylactic application
of curcumin reduces inflammation thereby
reducing fluid entry in the lungs of hypoxic
rats. It g§ considered that curcumin can
decrease gm-inﬂﬂmmatory cytokines and the
presence of cell adhesion molecules by
regulating the activity of NF-xB and also
stabilizing HIF1-a (factor 1-alpha) induced
hypoxia modeling, which then leads to
downregulation the angiogenic VEGF
molecule and is followed by a decrease in
pulmonary edema and extravasation of
albumin in bronchoalveolar lavage fluid in
experimental animals (28,29). Curcumin has




been shown to reduce the production of
important inflammatory biomarkers such as
interleukins (IL-1B, IL-6, IL-17 and IL-8),
TNF-o, MMP (MMP-2, MMP-9) in mice and
A549 cells. who are infected with the
influenza type A respiration virus (30).
Another report states that curcumin
can also reduce the expression of several
chemokines such as chemokine ligands
(design C-X-C) 1 (CXCL1), CXCL5, and
CXCL12 which were found to increase during
inflammation of the airway epithelial cells
(31). It is believed that, the key to success in
reducing the severity and high mortality rate
from SARS-CoV infection is very possible by
activating the innate immune response to
trigger the production of IFN in the early
stages of infection. This can also be achieved
by administering therapeutic agents that can
increase the synthesis of IFN (32).
furthermore, it is known that there is also
growing evidence about the effect of
curcumin administration on IFN activation in
several viral diseases (33). Viruses can
constantly stimulate the activation of NF-xB
and also regulates IFN via interferon
regulatory factors which are then produced
many antiviral cytokines, activation of
antiviral IFN in the JAK / STAT pathway can
induce the synthesis of interferon stimulating
genes (ISG), the results indirectly stimulating
stimulates signaling pathways that are not
dependent on IFNs to stop the replication
process of the virus (24). Curcumin
mpounds have been able to effectively
suppress the PEDV model of CoV
reproduction by stimulating and inducing the
in vi vitro activation of interferon-
stimulating genes (ISGs), IL-8, and IL-6 from
vero cells (34).

3.2 Gingerol Nutrigenomic in Ginger
(Zingiber officinale) as Therapy for COVID-19

Plants that are widely used as
ingredients in traditional medicine besides
turmeric are ginger (Zingiber officinale
Rosc.). The ginger rhizome contains non-

volatile oil, volatile oil components, and
starch. The non-evaporating oil called
oleoresin is a component that gives a spicy
and bitter taste. While the volatile oil called
essential oil is a distinctive odor-giving
component, a ginger rhizome is a potential
source of vitamins (thiamine / Bl, C, E) and
calcium, iron, magnesium, zinc, sodium,
manganese, and phosphorus (35). Fresh
ginger contains several chemical ingredients,
namely 4-, 6-, 8-, 10-, and 12-gingerol, 6-, 8-
, 10- shogaol, flavonoids, phenolics (36,37).
Ginger has main compounds such as gingerol,
zingeron, and shogaol (6,8,10-gingerol, and 6-
shogaol) that are anti-oxidative to scavenge
the increasing number of free radicals. under
these stress conditions by giving hydrogen
atoms (38). The terpenic compounds
contained in ginger include B- bisabolane, o-
curcumane, zingiberene, o- farnesene, f-
sesquipellandri. These compounds were the
main components of essential oil which is
obtained from ginger rhizome. Apart from
the presence of lipid constituents,
polysaccharides, organic acids, and raw fiber,
it is also found in ginger (39,40). 6-gingerol
compound is a bioactive phenolic compound
found in the fresh ginger rhizome. 6-gingerol
is a promising drug candidate for treating
various diseases related to inflammation,
cancer, and viral diseases. Fresh ginger has
potential as an antiviral against respiratory
syncytial virus that attacks humans, this
activity is due to the presence of the bioactive
phenolic compound Phyto 6-gingerol (41).
Previous studies have revealed that shogaol is
a product of dried ginger and exhibits higher
biological activity including anticancer and
antioxidant (42). Therefore, it is very
potential to study the possible effects of
ginger compounds, especially gingerol, as a
therapy for COVID-19.

During the stages and processes of
viral infection, various signaling pathways are
activated to produce defenses against
interferon type 1 (IFN). IFN is a major
cytokine that plays a role in providing innate
immune responses to activate the release of




antiviral proteins. to protect uninfected cells.
In some cases, there was a tendency for the
SARS-CoV spike protein to antagonize the
IFN response and avoid activation of the
immune response. there is a delayed
activation of IFN can lead to an uncontrolled
inflammatory response (43). There are several
research reports that report the effect of IFN
activation on SARS-CoV virus replication in
vitro. It is known that the antiviral potential
of IFN-a, -3, and -y has been assessed in cell
culture, with IFN-f being the strongest
potential inhibitor of the SARS-CoV virus
(44). Proinflammatory cytokines (such as
IFN-g and TNF-a) simulate the expression
and activity of iNOS (inducible nitric oxide
synthase) in macrophages cell. Hence, when
the production of these cytokines is inhibited,
the generation of nitric oxide (NO) is likely to
be reduced. It is known that inflammatory
mediators (such as NO) play an important
role in chronic inflammation, oxidative
stress, and fibrosis which affect tissue
architecture and impair organ function (45).
Several studies have shown that ginger
inhibits the expression of genes encoding pro-
inflammatory cytokines by various cells.
Ginger extract and 6-gingerol can minimize
the adverse effects of these parasites on the
vital functions of the infected organs through
their immunomodulatory effects on the iNOS
pathway. Besides, ginger and its main
components also have an immunomodulatory
effect that does not affect its larvicidal
activity (46). Several research reports have
proven the potential of ginger and its active
components to have potent anti-
inflammatory bioactivity. Gingerol ginger has
been shown to actiggly provide protection
from inflammatory-related diseases such as
ulcerative colitis. The anti-inflammatory
effects are mainly related to the regulation of
phosphatidyl inositol-3-kinase (PI3K)
signaling, protein kinase B (PKB), and NF-xB
(39).

6-shagol compound exhibits a
protective effect against TNF-a in mice
model of chronic intestinal inflammation,

preventing unpregulation of Claudin-2 and
Claudin-1 through inhibition of signaling
pathways involved with PI3K / Akt and NF-
kB (47). This compound is also reported to be
able to inhibit the formation of pro-
inflammatory mediators such as PGE2, and
NO in animal (mouse) macrophage RAW
264,7 cells (48). The zingeron compound in
ginger can inhibit NF-kB activation and
reduce [L-1 levels in the colon of
inflammatory mice. There is research that
states that consuming at a dose of 500 mg of
ginger powder routinely can actively prevent
an increase in inflaimmatory markers in the
form of cytokines interleukin-1, interleukin-
6, and TNF-o (49). 6-gingerol from ginger can
decrease H:202 and MDA which are markers
of oxidative stress, as well as activating the
antioxidant enzyme glutathione in mice (50).
Also, ginger and zingerone extracts inhibit
the activation of NF-xB and decreased IL-1P
levels in rat intestines, which reduced colitis
(induced 2, 4, 6-trinitrobenzene sulfonate
sulfonic acid) (51). Ginger with gingerol
constituents can provide protection against
the incidence of enteritis by inducing anti-
CD3 antibodies in model mice, and can
reduce TNF-a production and activation of
Akt. and NF-xB (52). Besides, ginger-derived
nanoparticles can prevent inflammation in
the intestine by activating several ganti-
inflammatory cytokines which include IL-10
and IL-22 and can reduce levels of
proinflammatory cytokines including TNF-a,
IL-6, and IL-1p in experimental mice with
models of experiencing acute and chronic
colitis (53). Besides, nanoparticles laden with
6-shogaol were found to be shown to reduce
the severity of colitis symptoms and provide
a repair effect in rat colitis wounds in a
sodium dextran sulfate-induced colitis model
(54). Bgom various research reports found
both In vitro and in vivo have provided
evidence that ginger and its bioactive
compounds, such as shogaol, gingerol, and
oleoresin have potent anti-inflammatory and
potent antioxidant bioactivity that is
especially important in patients with COVID-




19. Research by Rathinavel et al tried to prove
that the 6-gingerol compound from Zingiber
officinale can act as a promising drug to treat
COVID-19 in silico. The 6-Gingerol
compound has very possible drug parameters
with excellent ADME pharmacokinetic
properties. 6-gingerol proved anti-viral
efficiency against SARS CoV-2 by showing
the highest binding affinity and interaction
with multiple COVID-19 targets including
viral proteases, RNA binding proteins, and
the Spike protein from the SARS-CoV-2
virus. The results of the DFT research as a
study conducted to explain the accuracy of
the structural and phytochemical properties
of the 6-gingerol compound, prove the reason
behind the highest binding affinity between
the target protein 6-gingerol and COVID-19.
This research proves that 6-gingerol from the
ginger plant can be used as a promising drug
to treat the novel COVID-19 (55).

Gingerol is also widely reported as a
therapy in patients with respiratory-related
diseases. Gingerol can induce significant
relaxation of human napasa smooth muscle.
The compounds 6, 8-gingerol, and 6-shogaol
can cause rapid relaxation of the smooth
muscle of the pre-contracted airways. The
compounds 6, 8-gingerol, and 6-shogaol
exerts a relaxing effect on human airway
smooth muscle through suppression of 4D
phosphodiesterase  (56). Gingerol can
improve the health status of allergy and
asthma patients with a mechanism that can
reduce inflammation of theggairway and
suppress the increase in -mediated
immune response in ovalbumin-induced
allergic asthma mice (57). It is also known
that ginger gib and the bioactive compounds
init, such as citral and eucalyptol, can inhibit
rat tracheal contraction due to carbachol in
mice models (58). Gingerol also has an active
role in treatment of ARDS (acute respiratory
distress syndrome) by reducing the duration
of mechanical ventilation in patients (59).
The results of this paper suggest that ginger
and its bioactive properties have a protective
effect on some respiratory disorders, by being

able to mediate through relaxation-inducing
activity of airway smooth muscle and
reduction of swelling. Respiratory system
disorders are also commonly found in
COVID-19 patients. Thus, gingerol and its
constituents have great potential for use as a
potential therapy in COVID-19 patients.

3.3 Combination of Gingerol in Ginger
(Zingiber officinale) and Curcumin in
Turmeric (Curcuma domestica) as Therapy for
COVID-19

Combining turmeric and ginger seems to
show great potential to produce more
potential bioactivity. The combination of
ginger and turmeric has been shown to
increase the pharmacological activity of the
two plants. The results of the anti-free radical
activity test using the DPPH method and the
FRAP assay, it showed that the combination
of ginger and turmeric powder has a higher
free radical inhibiting activity from turmeric
and ginger powder. Likewise, the total
phenolic content reaching 103, 39 + 0.58 mg
/ g and total flavonoids reaching 4.27 + 0.05
mg / 100 g were significantly higher in
turmeric ginger powder compared to
turmeric powder and ginger powder (60). In
the research conducted by Poh et al/ (61) The
combination of ginger and turmeric gave
free-radical inhibiting activity of 93.64%,
while turmeric rhizome only gave free radical
inhibitor activity of 69.01% and ginger
rhizome was 63.41%. The ability of
antioxidants to inhibit the formation of
reactive oxygen species (ROS) may underlie
its role as an anti-inflammatory. Increased
ROS in oxidative stress can trigger the
formation of various the pro-inflammatory
cytokines TNF-a and IL-6 and their families.
the existence of this formation pro-
inflammatory
inflammation (62). In testing the potent anti-

cytokines then  causes

inflammatory activity of the combination of
turmeric and ginger extracts, it was found
that this combination gave a The potential
anti-inflammatory effects were better than




using  single ingredient extracts in
inflammation mice induced by carrageenan
(63).

The bioactivity of the combination of
turmeric and ginger was reported by the
research of Ramadan and El-Menshawy (64).
They stated that in the pilot test the turmeric-
ginger mixture showed a synergistic effect as
an anti-inflammatory by reducing edema in
arthritis mice. Curcuma domestica (turmeric;
rich in phenolic curcuminoids: curcumin,
dimethoxy-curcumin, and
bisdemethoxycurcumin) and the rhizome of
Zingiber officinale (with constituents of
gingerol and shogaols) are believed to have
synergistic activity with one another. The
existence of these preliminary test results was
also confirmed by research of Heidari-Beni et
al (65) combining turmeric, ginger, and black
pepper as therapeutic agents in osteoarthritis
patients. They explained that combining
ginger and turmeric will mediate a more
potent anti-inflammatory activity than its
single form, the presence of several active
ingredients such as gingerol has a potential
ability to regulate PGE in inflaimmatory
processes. Ginger has analgesic and anti-
inflammatory effects that inhibit the
cyclooxygenase and lipoxygenase signaling
pathways and prevent arachidonic acid
metabolism (66). Curcumin Curcumin has the
potential to provide a protective effect against
inflammatory events and damage to the
cartilage of the knee (67). Secara lebih rinci,
terdapat penelitian yang membuktikan
bahwa kurkumin (dosis =3 1 M) secara
signifikan dapat mengurangi IL-1 B dan
PGE2 (68). The potentiation of both
compounds showed synergistic anti-
inflammatory and
activities (65).

The bioactivity of the combination of

immunoregulatory

gingerol and curcumin was also reported by
Madkor et al (69). They combined garlic,
ginger, and turmeric as an antihyperglycemic
and antidislipidemia in diabetic mice. From
the results of the research, it was found that
the combination of the three extracts of these

ingredients had a synergistic effect in
increasing insulin production (26-37%) and
reducing signs of diabetic metabolic
syndrome and cholesterol (80-97%). It
increased antioxidant protection system in
the range of 31-52% (especially GSH) and
significantly reduced lipid peroxidation in the
range of 60-97%. The combination of ginger
turmeric is believed to be able to increase
antioxidant activity, gingerol compounds in
ginger and curcumin in turmeric facilitate the
activity of endogenous antioxidant enzymes,
especially GSH that plays an important role in
diseases related to oxidative stress which are
found in many metabolic, inflaimmatory, and
infectious diseases (69). In its potential as an
antiviral, a combination of gingerol and
curcumin compounds is also reported by
Patwardhan (70) who states that curcumin
(from turmeric), gingerol (from ginger) has
anti-inflammatory, immune modulation, and
antiviral properties. This was confirmed in
his research which resulted that the
combination of gingerol, curcumin, and grape
extracts had activity as an inactivating agent
for the Human noroviruses virus (HNoV) and
the hepatitis A virus (HAV). The combination
of gingerol and curcumin immune system
regulation was reported by Akinyemi et al
(71) who investigated the effect of the
combination two ingredients in the form of
ginger (Zingiber officinale) and turmeric
(Curcuma domestica) against the activity of
purinergic enzymes and the cholinergic
system and levels of inflammatory cytokines
in model mice. It was found that this
combination of substances was able to show
an increase in adenosine and acetylcholine
(ACh), which acts as an anti-inflammatory
agent with a compensatory mechanism to
reduce inflammation and the immune
response to the incidence of hypertension,
decreased serum  butyrylcholinesterase,
decreased ATP hydrolysis,
acetylcholinesterase, and inhibition of IL-1,
IL-6, IFN-y, and TNF-a), but can increase
interleukin-10.




Asa combination form for COVID-19
therapy, Oso et al (72) had reported the
results of in silico tests on curcumin, gingerol,
and allicin compounds. The results showed
the potential inhibition of the constituents of
curcumin, allicin, and gingerol compounds in
cathepsin K components, the main protease of
COVID-19, and SARS-CoV 3 C-like proteases
using the PyRx-Python Prescription 0.8
program, and free energy of the binding was
calculated based on conventional molecular
dynamics using LARMD server. The
properties of ADMET reveal all of these
compounds to have medicinal properties.
Curcumin compounds had the highest
binding affinity potential with all proteases
selected in this study, while allicin
compounds had the lowest binding affinity
for proteases. In this study, it was also
observed that curcumin showed the highest
bond-free energy in the range 17.90 + 0.23,
18.21 + 0.25, and 9.67 + 0.08 kcal / mol
respectively for the viral component of
Cathepsin-K, the main protease for COVID-
19. Each of these compounds has activity as
an antiviral agent and is expected to have a
more potent synergistic effect when
combined, especially between gingerol-
curcumin (72). Combination of turmeric,
ginger, and garlic has high therapeutic
potential as an immunostimulant for COVID-
19 patients, ginger turmeric antioxidants, and
antibiofilm activity, especially from turmeric
that is mediated by gingerol and curcumin
holds promising bioactivity for the therapy of
COVID-19 (73).

4. CONCLUSION

Curcumin in turmeric and gingerol in ginger
can potentially be used as a therapy for
COVID-19 through their potential as a
regulator of immunity and inflammation in
SARS-CoV-2 infection researched using a
nutrigenomic approach. Curcumin and
gingerol can play a role as primary and
secondary antioxidants that can activate
endogenous antioxidant enzymes, regulate

several cell signaling related to immunity
such as [FNs, NF-kB, NO, TNF-q, as well as
stimulation of anti-inflammatory and pro-
inflammatory cytokines homeostasis,. In
silico, both compounds have also been shown
to have potential as antiviral SARS-CoV-2 by
acting as viral protease inhibitors. The
combination of curcumin and gingerol shows
synergistic activity in increasing antioxidant
and anti-inflammatory capacities. Therefore,
it has a greater potential to be used as a
therapy for COVID-19 in a combination
form.

LIST OF ABBREVIATIONS

Ach : Acetylcholine

ACE2 : Angiotensin-Converting
Enzyme 2

ATP : Adenosine Tri Posphate

COVID-19 : Corona Virus Desease-19

CoVs : Coronavirus

HIF1-a : Hypoxia-Induced Factor 1-
alpha

HNoV : Human Noroviruses

HAV : Hepatitis A Virus

IFNs : Interferon

IL : Inter Leukin

ISGs : Interferon-Stimulating
Genes

L-NAME : L-arginine methyl ester
hydrochloride

NF-kB : Nuclear Factor-Kappa Beta

NO : Nitric Oxide

NOD : Nucleotide-binding and
Oligomerization Domain

PI3K : Phoshatidylinositol-3-

Kinase

PGE2 : Prostaglandin E2

RIG-I : Retinoic acid-Inducible Gene I

ROS : Reactive Oxygen Species

TNF-a : Tumor Necrossis Factor-
alpha

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE




No Ethical Approval is needed for this

study.

HUMAN AND ANIMAL RIGHT

No Humans and animals were used for this
study.

CONSENT FOR PUBLICATION

Not applicable

AVAILABILITY OF DATA AND
MATERIALS

Not applicable

FUNDING

Funding for this research was conducted
independently

CONFLICT OF INTEREST

The authors stated that there were no

conflicts of interest, financial or otherwise, in

this research.

ACKNOWLEDGEMENTS

This article was supported by the Faculty of

Pharmacy, Universitas Mahasaraswati, Bali —
Indonesia.

REFERENCES

(1]

Ferruzzi MG, Tanprasertsuk ], Kris-
Etherton P, Weaver CM, Johnson EJ.
Perspective: The Role of Beverages as
a Source of Nutrients and
Phytonutrients. Adv Nutr.
2020;11(3):507-23.

Thakur N, Raigond P, Singh Y, Mishra
T, Singh B, Lal MK, et al. Recent
updates on  bioaccessibility  of
phytonutrients. Trends Food Sci
Technol [Internet]. 2020;97(August
2019):366-80. Available from:
https://doi.org/10.1016/j.tifs.2020.01.0
19

Bule M, Issa [A, Fazlullah K, Shah MA,

Niaz K. Development of new food

products based on phytonutrients.
Phytonutrients in Food:
Traditional to Rational Usage. 2020.
197-216 p.

Den Hartogh DJ, Gabriel A, Tsiani E.
Antidiabetic properties of curcumin [:
Evidence from in vitro
Nutrients. 2020;12(1).
Rohman A, Widodo H, Lukitaningsih
E, Windarsih A, Rafi M,
Nurrulhidayah AF. Review on in vitro
antioxidant activities of Curcuma

From

studies.

species commonly used as herbal
components in Indonesia. Food Res.
2020;4(2):286-93.

Guimardesa AF, Vinhasa ACA,
Angélica Ferraz Gomesa,”, LHS, And,
Krepsky PB. ESSENTIAL OIL OF
Curcuma longa L. RHIZOMES
CHEMICAL COMPOSITION, YIELD
VARIATION AND STABILITY. Quim
Nov. 2020;43(7):909-13.

Serpa Guerra AM, Gomez Hoyos C,
Velasquez-Cock JA, Vélez Acosta L,
Ganan Rojo P, Velisquez Giraldo AM,
et al. The nanotech potential of
turmeric (Curcuma longa L.) in food
technology: A review. Crit Rev Food
Sci Nutr [Internet]. 2020;60(11):1842-
54. Available from:
https://doi.org/10.1080/10408398.201
9.1604490

Indriani U, Idiawati N, Wibowo MA.
Uji Aktvitas Antiinflamasi Dan
Toksisitas Infus. Kim Khatulistiwa.
2018;7(2):107-12.

Lee SY, Cho SS, Li YC, Bae CS, Park
KM, Park DH. Anti-inflammatory
Effect of Curcuma longa and Allium
hookeri Co-treatment via NF-xB and
COX-2 Pathways. Sci Rep.
2020;10(1):1-11.

Shereen MA, Khan S, Kazmi A, Bashir
N, Siddique R. COVID-19 infection:
Origin, transmission, and
characteristics of human
coronaviruses. ] Adv Res [Internet].

2020;24:91-8. Available from:




(11]

(12]

(13]

[14]

(15]

(16]

(17]

https://doi.org/10.1016/j.jare.2020.03.

005

Zumla A, Chan JFW, Azhar EI, Hui
DSC, Yuen KY. Coronaviruses-drug
discovery and therapeutic options. Nat
Rev Drug Discov. 2016;15(5):327-47.

Fernandez-Gutierrez B. COVID-19
with pulmonary involvement. An
autoimmune disease of known cause.

Rheumatol Clinica (English Ed
[Internet]. 2020;16(4):253—4.
Available from:

https://doi.org/10.1016/j.reumae.2020.
04.001

Channappanavar R, Fehr AR, Vijay R,
Mack M, Zhao J, Meyerholz DK, et al.
Dysregulated Type I Interferon and
Inflammatory Monocyte-Macrophage
Responses Cause Lethal Pneumonia in
SARS-CoV-Infected Mice. Cell Host
Microbe [Internet]. 2016:;19(2):181-
93. Available from:
http://dx.doi.org/10.1016/j.chom.2016
.01.007

Killip M]J, Fodor E, Randall RE.
Influenza virus activation of the
interferon  system. Virus  Res
[Internet]. 2015;209:11-22. Available
from:
http://dx.doi.org/10.1016/j.virusres.20
15.02.003

Zheng ], Perlman S. Since January
2020 Elsevier has created a COVID-19
resource center with free information
in English and Mandarin on the novel
coronavirus COVID- 19. The COVID-
19 resource center is hosted on
Connect, the company's
public news and information.
2020;(January).

Shokri S, Mahmoudvand S,
Taherkhani R, Farshadpour F.
Modulation of the immune response
by Middle East respiratory syndrome

Elsevier

coronavirus. |  Cell  Physiol.
2019;234(3):2143-51.

Channappanavar R, Perlman S.
Pathogenic  human  coronavirus

(19]

[20]

(21]

(23]

infections: causes and consequences of
cytokine storm and
immunopathology. Semin
Immunopathol. 2017:39(5):529-39.

Kindrachuk |, Ork B, Hart B], Mazur
S, Holbrook MR, Frieman MB, et al.

Antiviral potential of ERK/MAPK and

PI3K/AKT/mTOR signaling
modulation  for Middle  East
respiratory syndrome coronavirus

infection as identified by temporal
kinome analysis. Antimicrob Agents
Chemother. 2015;59(2):1088-99.
DeDiego ML, Nieto-Torres JL, Regla-
Nava JA, Jimenez-Guardino JM,
Fernandez-Delgado R, Fett C, et al.
Inhibition of NF- B-Mediated
Inflammation in Severe Acute
Respiratory Syndrome Coronavirus-
Infected Mice Increases Survival |
Virol. 2014;88(2):913-24.

Khan MS, Muhammad T, Ikram M,
Kim MO. Dietary Supplementation of
the Antioxidant

Systemic

Curcumin Halts
LPS-Induced
Neuroinflammation-Associated
Neurodegeneration and
Memory/Synaptic Impairment via the
JNK/NF- x B/Akt Signaling Pathway
in Adult Rats. Oxid Med Cell Longev.
2019;2019.
Maithilikarpagaselvi N, Sridhar MG,
Sripradha R. Evaluation of Free
Radical Scavenging Activities and
Phytochemical Screening of Curcuma
longa Extracts.
2020;12(2):113-7.
Singh LM, Chakraborty B, Pal R, Nath
A, Pal S, Rahman DS, et al. A
comparative study on the antioxidant

] Young Pharm.

and immunomodulatory properties of
curcumin conjugated gold
nanospheres and free curcumin. | Appl
Pharm Sci. 2017;7(11):56-63.

Ferreira VH, Nazli A, Dizzell SE,
Mueller K, Kaushik C. The ant-
inflammatory activity of curcumin

protects the genital mucosal epithelial




[24]

[25]

(26]

(28]

barrier from disruption and blocks
replication of HIV-1 and HSV-2. PLoS
One. 2015;10(4):1-18.
Zahedipour F, Hosseini SA,
Sathyapalan T, Majeed M,
Jamialahmadi T, Al-Rasadi K, et al.
Potential effects of curcumin in the
treatment of COVID-19 infection.
yther Res. 2020;34(11):2911-20.
vasarala 5, Zhang F, Liu G, Wang R,
London SD, London L. Curcumin
Modulates the Inflammatory Response
and Inhibits Subsequent Fibrosis in a
Mouse Model of Viral-induced Acute
Respiratory Distress Syndrome. PLoS

gn& 2013;8(2):1-13.
bata K, Kojima T, Masaki T,

Okabayashi T, Yokota S, Hirakawa S,
et al. Curcumin Prevents Replication
of Respiratory Syncytial Virus and the
Epithelial Responses to It in Human
Nasal Epithelial Cells. PLoS One.
2013:8(9):1-14.

Tian S, Hu W, Niu L, Lin H, Xu H, Xiao
SY. Pulmonary Pathology of Early-
Phase 2019 Novel
(COVID-19) Pneumonia
Patients With Lung Cancer. | Thorac
Oncol [Internet]. 2020;15(5):700—4.
Available from:
https://doi.org/10.1016/j.jtho.2020.02.
010

Sarada TM. Attenuation of NFkB
Activation

Coronavirus
in Two

Augments  Alveolar
Transport Proteins Expression and

Activity under Hypoxia. Int | Sci Res

[Internet]. 2015:4(3):2230-7.
Available from:
https://www.ijsr.net/archive/v4i3/SU
B152641.pdf

Titto M, T A, B S, AK G, SKS S.
Curcumin prophylaxis refurbishes
alveolar epithelial barrier integrity
and alveolar fluid clearance under
hypoxia. Respir Physiol Neurobiol
[Internet]. 2020;274(October
2019):103336. Available from:

hteps://doiorg/10.1016/j.resp.2019.10

(31]

(32]

3336
Babaei F, Nassiri-Asl M, Hosseinzadeh
H. Curcumin (a constituent of
turmeric): New treatment option
against COVID-19. Food Sci Nutr.
2020;8(10):5215-27.

Gouda MM, Shaikh SB, Bhandary YP.
Inflammatory and Fibrinolytic System
in Acute Respiratory Distress
Syndrome. Lung [Internet].
2018;196(5):609-16. Available from:
http//dx.doi.org/10.1007/s00408-018-
0150-6

Yohici Kumaki, Salazar AM,
Wandersee MK, Barpard DL.
Prophylactic and g:arapeur_ic
intranasal administration with an
immunomodulator, Hiltonol® (Poly
IC.LC), in a lethal SARS-CoV-
infected BALB/c mouse

Diabetes Metab

model.
Syndr.

sso-Miranda C, Herrera-Camacho I,

20;14(4)(January):337-9.
(33] g

Flores-Mendoza LK, Dominguez F,
Vallejo-Ruiz V, chez-Burgos GG,
et al. ntiviral and
immunomodulatory effects of
polyphenols on macrophages infected
with dengue virus serotypes 2 and 3
enhanced or not with antibodies.
Infect Drug Resist. 2019;12:1833-52.
Ting D, Dong N, Fang L, Lu J, Bi ], Xiao
S, et al. Multisite inhibitors for enteric
coronavirus: antiviral cationic carbon
dots based on curcumin. ACS Appl
Nano Mater. 2018;1(10):5451-9.
Yadav R, Mishra S. A Study on
Development of  Nutrigenomics
Premix Powder. Int ] Sci Res.
2017:6(12):1224-6.
Ghasemzadeh A, Jaafar HZE, Rahmat
A. Optimization protocol for the
extraction of 6-gingerol and 6-shogaol
from Zingiber officinale var. rubrum
Theilade and improving antioxidant
and anticancer activity using response
methodology. BMC
Altern Med.

surface
Complement




(37]

[39]

[41]

2015;15(1):1-10.

Ghasemzadeh A, Jaafar HZE,
Baghdadi A, Tayebi-Meigooni A.
Formation of 6-, 8- and 10-shogaol in
ginger through the application of
different drying methods: Altered
antioxidant and antimicrobial activity.
Molecules. 2018;23(7).

Mukkavilli R, Yang C, Tanwar RS,
Ghareeb A, Luthra L, Aneja R.
Absorption, metabolic stability, &

pharmacokinetics of ginger
phytochemicals. Molecules.
2017;22(4).

Mao QQ, Xu XY, Cao SY, gman RY,
Corke H, Beta T, et al. Bioactive

compounds and bioactivities of ginger
(zingiber officinale roscoe). Foods.

19:8(6):1-21.

ng M, Viennois E, Prasagyg M,
Zhang Y, Wang L, Zhang Z, et al.
Edible Ginger-Derived Nanoparticles:
A Novel Therapeutic Approach for the
Treatment  of
Inflammatory Bowel Disease and
Physiol

Prevention and

Colitis-Associated Cancer.
Behav. 2019;176(3):139-48.
Chang JS, Wang KC, Yeh CF, Shieh
DE, Chiang LC. Fresh ginger (Zingiber
officinale) has activity
against  the respiratory
syncytial virus in human respiratory
tract cell lines. ] Ethnopharmacol
[Internet]. 2013;145(1):146-51.
Available from:
http://dx.doi.org/10.1016/j.jep.2012.10
.043

Bare Y, S M, Tiring SSND, Sari DRT,
Maulidi A. Virtual Screening: Prediksi
potensi 8-shogaol terhadap c-Jun N-
Terminal Kinase (JNK). e-Saintika.
2020:4(1):1.

Chen L, Hu C, Hood M, Zhang X,
Zhang L, Kan J, et al. A novel
combination of vitamin c, curcumin,

anti-viral
human

and glycyrrhizic acid potentially
regulates immune and inflammatory

response associated with coronavirus

[47]

infections: A perspective from system
biology analysis. Nutrients.
2020;12(4):1-17.

Felgenhauer U, Schoen A, Gad HH,
Hartmann R, Schaubmar AR, Failing
K, et al. Inhibition of SARS-CoV-2 by
type I and type III interferons. | Biol
Chem. 2020;295(41):13958-64.

Soufli I, Toumi R, Rafa H, Touil-
Boukoffa C. Overview of cytokines
and nitric oxide involvement in
immuno-pathogenesis of
inflammatory bowel diseases. World |
Gastrointest Pharmacol Ther.
2016;7(3):353.

Famurewa AC, Ekeleme-Egedigwe
CA, Onwe CS, Egedigwe UO, Okoro
CO, Egedigwe U], et al. Ginger juice
prevents cisplatin-induced oxidative

stress, endocrine imbalance, and
NO/iNOS/NF-xB signaling via
modulating testicular redox-

inflammatory mechanism in rats.
Andrologia. 2020;52(10):1-10.
Gamage K, Dissanayake C, Angoda W,
Chandrasiri Waliwita L, Liyanage RP.
A Review on Medicinal Uses of
Zingiber officinale (Ginger). Int ] Heal
Sci Res [Internet]. 2020;10(6):142.
Available from: www.ijhsr.org

Pan MH, Hsieh MC, Hsu PC, Ho SY,
Lai CS, Wu H, et al. 6-Shogaol
suppressed lipopolysaccharide-
induced up-expression of iNOS and
COX-2 in murine macrophages. Mol
Nutr Food Res. 2008;52(12):1467-77.
Butt MS, Naz A, Sultan MT, Qayyum
MMN. Anti-oncogenic perspectives of
spices’/herbs: A comprehensive
review. EXCLI ]. 2013;12:1043-65.
Abolaji AO, Ojo Afolabi TT,
Arowoogun MD, wawolor D,
Farombi EO. Protective properties of
6-gingerol-rich fraction from Zingiber
officinale (Ginger) on chlorpyrifos-
induced oxidative damage and
inflammation in the brain, ovary, and
uterus of rats. Chem Biol Interact




(51]

(52]

(53]

[54]

(55]

(56]

[Internet]. 2017;270:15-23. Available
from:
http://dx.doi.org/10.1016/j.cbi.2017.03

17

eh H yu, Chuang C hung, Chen H
Chun, Wan C Jen, Chen T Liang, Lin L
Yun. Bioactive components analysis of
gingers  (Zingiber
officinale Roscoe) and antioxidant

two  various

effect of ginger extracts. LWT - Food
Sci Technol [Internet].
2014;55(1):329-34. Available from:
http://dx.doi.org/10.1016/j.1wt.2013.0
03
eno N, Hasebe T, Kaneko
Yamamoto M, Fujiya M, Kohno Y, et
al. TU-100 (Daikenchuto) and ginger
anti-CD3
cell-mediated murine

ameliorate
induced T
enteritis: Microbe-independent effects
involving Akt and NF-kB suppression.
PLoS One. 2014;9(5):1-9.

Zhang 7, Du GJ, Wang CZ, Wen XD,
Calway T, Li Z, et al. Compound K, a
ginsenoside metabolite, inhibits colon

antibody-

cancer growth via multiple pathways
including p53-p21 interactions. Int |
Mol Sci. 2013;14(2):2980-95.

Guerin E, Shkoporov A, Stockdale SR,
Clooney AG, Ryan FJ, Sutton TDS, et
al. Biology and Taxonomy of crAss-
like  Bacteriophages, the Most
Abundant Virus in the Human Gut.
Cell Host Microbe
2018;24(5):653-664.e6.
from:
https://doi.org/10.1016/j.chom.2018.1
0.002
Rathinavel T,
Palanisamy S,

[Internet].
Available

Palanisamy M,
Subramanian A,
Thangaswamy S. Phytochemical 6-
Gingerol — A promising Drug of choice
for COVID-19. Int ] Adv Sci Eng.
2020;06(04):1482-9.

Townsend EA, Zhang Y, Xu C, Wakita

R, Emala CW. Active components of
ginger potentiate B -agonist-induced
relaxation of airway smooth muscle by

(57]

[61]

[62]

modulating cytoskeletal regulatory
proteins. Am ] Respir Cell Mol Biol.
2014;50(1):115-24.

Mangprayool
Chudapongse N. Participation of citral
in the bronchodilatory effect of ginger
oil and possible mechanism of action.
Fitoterapia [Internet]. 2013;89(1):68-
73. Available from:
hetpy//dx.doi.org/10.1016/j.fitote.2013.
05.012

Khan AM, Shahzad M, Raza Asim MB,
Shabbir A. Zingiber
officinale ameliorates allergic asthma
via suppression of Th2-mediated
immune response. Pharm Biol.
2015;53(3):359-67.

Vahdat Shariatpanahi Z, Mokhtari M,
Taleban FA, Alavi F, Salehi Surmaghi
MH, Mehrabi Y, et al. Effect of enteral
feeding with ginger extract in acute
respiratory distress syndrome. | Crit
Care [Internet]. 2013;28(2):217.el-
217.e6. Available from:
http://dx.doi.org/10.1016/j.jcrc.2012.0
4.017

Mushtaq Z, Tahir Nadeem M, Arshad
MU, Saeed F, Ahmed MH, Bader Ul
Ain H, et al
biochemical and antioxidant potential

T, Kupittayanant S,

Imran M,

Exploring the

of ginger (Adric) and turmeric (Haldi).
Int ] Food Prop. 2019;22(1):1642-51.
Poh KH, Muhammad N, Abdullah N,
A. Talip B. The
Antioxidant Activity of Individual and
Mixture of Lemongrass, Curry Leaves,
Turmeric, and Ginger Extracts. J Sci
Technol. 2018;10(2):66-70.

Huang C, Wang Y, Li X, Ren L, Zhao
J, Hu Y, et al Clinical features of
patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506.

Singh R, Mehta A, Mehta P, Petel JR.
Anti-
activities of

Evaluation of

In vivo evaluation for
inflammatory
hydroalcoholic combined extracts of

Curcuma longa and Zingiber officinale




[67]

[69]

rhizomes. ] Nov Res Pharm Technol.
2014;1(2):13-9.

Ramadan G, El-Menshawy O.
Protective effects of ginger-turmeric
mixture on joint
inflammartion, atherogenesis, kidney
dysfunction and other complications

rhizomes

in a rat model of human rheumatoid
arthritis. Int ] Rheum Dis.
2013:16(2):219-29.

Heidari-Beni M, Moravejolahkami
AR, Georgian P, Askari G, Tarrahi MJ,
Bahreini-Esfahani N. Herbal
formulation "turmeric extract, black
pepper, and ginger" versus Naproxen
for chronic knee osteoarthritis: A
randomized, double-blind, controlled
clinical trial. Phyther Res.
2020;34(8):2067-73.

Kravchenko I, Eberle L, Nesterkina M,
Kobernik A. Anti-inflammatory and
analgesicactivity of ointment based on

dense ginger extract (Zingiber
officinale). ] HerbMed Pharmacol.
2019;8(2):126-32.

Panahi Y, Rahimnia AR, Sharafi M,
Alishiri G, Saburi A, Sahebkar A.
Curcuminoid treatment for knee
osteoarthritis: A randomized double-
blind placebo-controlled trial.
Phyther Res. 2014;28(11):1625-31.
Clutterbuck AL, Allaway D, Harris P,
Mobasheri A. Curcumin reduces
prostaglandin E2, matrix
metalloproteinase-3, and proteoglycan
release in the secretome of interleukin
1p-treated articular cartilage.
F1000Research. 2013;2:147.

Madkor HR, Mansour SW, Ramadan
G. Modulatory effects of garlic, ginger,
turmeric and their mixture on
hyperglycemia,
stress In streptozotocin-
nicotinamide diaberic rats. Br | Nurr.
2011;105(8):1210-7.

Patwardhan M, Morgan MT, Dia V,
D'Souza DH. Heat sensitization of

hepatitis A virus and Tulane virus

dyslipidemia  and
oxidative

[71]

(72]

(73]

using grape seed extract, gingerol, and
curcumin. Food Microbiol [Internet].
2020;90(September 2019):103461.
Available from:
https://doi.org/10.1016/j.fm.2020.1034
61

Akinyemi AJ, Thomé GR, Morsch
VM, Bottari NB, Baldissarelli J, De
Oliveira LS, et al. Effect of Ginger and
Turmeric Rhizomes on Inflammatory
Cytokines Levels and Enzyme
Activities of  Cholinergic and
Purinergic Systems in Hypertensive
Rats. Planta Med. 2016;82(7):612-20.
Oso BJ, Adeoye AO, Olaoye IF.

Pharmacoinformatics and
hypothetical studies on allicin,
curcumin, and gingerol as potential
candidates  against  COVID-19-

associated proteases. ] Biomol Struct
Dyn [Internet]. 2020;0(0):1-12.
Available from:
https://doi.org/10.1080/07391102.202
0.1813630

AyanfeOluwa. The Potential of
Organically Cultivated Ginger,
Turmeric, and Garlic to Improve Body
Immune System in
COVID-19.  African
NOARA. 2021;(January).

Combating
Org Agric







artikel publikasi

ORIGINALITY REPORT

6 % 6%

SIMILARITY INDEX INTERNET SOURCES

G

PUBLICATIONS

3%

STUDENT PAPERS

PRIMARY SOURCES

res.mdpi.com

Internet Source

3%

onlinelibrary.wiley.com

Internet Source

2

Exclude quotes Off
Exclude bibliography Off

Exclude matches

Off



	artikel publikasi
	by Ketut Agus Adrianta

	artikel publikasi
	ORIGINALITY REPORT
	PRIMARY SOURCES


