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ABSTRACT

Introduction: To date, no specific therapeutic drug has been approved to target SARS-CoV-2. Hence,
it remains a major challenge to decide what potential therapeutic regimens to treat COVID-19 patients.
This study aims to investigate curcumin and virgin coconut oil (VCO) effects on cytokine levels (IL-18,
IL-2, IL-6, IL-18, TNF-a, and IFN-B) in COVID-19 patients. Methods: This study was a single-center,
controlled trial with a parallel Arm or a Randomized Clinical trial design. A total of sixty COVID-19 patients
admitted to the Universitas Sebelas Maret Hospital, Surakarta, Indonesia, were divided into two groups.
The first group, consisting of 30 patients, was treated with Azithromycin 500 mg + Oseltamivir 2x75 mg
+ Hydroxychloroquine 400 mg/day for 5 days. The second group, comprising 30 patients, was treated
with Azithromycin 500 mg + Oseltamivir 2x75 mg + Hydroxychloroguine 400 mg/day for 5 days, added
with VCO 30 mL and curcumin 3x1 g/day for 21 days. The cytokine profiles of the serum samples were
analyzed by the enzyme-linked immunosorbent assay (ELISA) on days 1, 14, and 21. Results: Our study
showed that the second group had a significant reduction in IL-1B, IL-2, IL-6, TNF-a, and IFN-B levels
after being treated with standard therapy added with curcumin and VCO on day 21 (p<0.05). Conclusion:
These results suggested that curcumin and VCO might benefit the treatment of COVID-19 patients.

Key words: COVID-19, Curcumin, Cytokines, Virgin coconut oil.

INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a
respiratory disease reported to have emerged in
late December 2019 in Wuhan, China. It causes
by a novel coronavirus known as Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2). COVID-19 has grown rapidly and was
declared a pandemic by WHO.! In patients with
severe MERS, serum cytokine and chemokine
levels are significantly higher than those in patients
with mild to moderate MERS. An increase of
many pro-inflammatory cytokines was reported,
including IL-1, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12,
IL-17A, TNF-a, and GM-CSF. These conditions are
known as cytokine storms. The SARS-CoV-2 virus
causes an excessive inflammatory reaction. Several
studies analyzing cytokine profiles of COVID-19
patients suggested that the cytokine storm directly
correlated with lung injury, multi-organ failure,
and unfavorable prognosis of severe COVID-19.?
Thus, elevated levels of pro-inflammatory cytokines
indicate the immune response against viral
replication and viral shedding. Besides, IFNfB-1a
has direct in vitro antiviral activity against SARS-
CoV-2. In contrast, IFN-1B has been identified
as the key therapeutic cytokine in shortening
the time to negative conversion of SARS-CoV-2
nasopharyngeal swabs in a recent trial.?

To date, no specific drug has been approved to treat
COVID-19 patients, but preventive and supportive
therapies have been done to decrease more serious
illnesses. Many natural agents have received
attention due to their potential anti-inflammatory,

antiviral, and antioxidant properties. These products
are collectively named nutraceuticals. Curcumin
has pharmacological properties, especially as an
anti-inflammatory agent. Thus, it has a potential
candidate in the therapeutic regimen. COVID-19 has
various pathophysiological consequences, including
pulmonary damage, elevated inflammatory response,
coagulopathy, and multi-organ damage.* Studies
reveal the potential benefits of curcumin against
respiratory viral infections.>” A recent in silico study
reported a stable interaction between curcumin and
SARS-CoV-2 enzymes.?

In addition, virgin coconut oil (VCO), a cold-
processed form of coconut oil, is traditionally
consumed in Asian countries owing to its
nutritional and medicinal properties. VCO is wet-
processed, which results in the retention of bioactive
components, including tocopherols, tocotrienols,
and polyphenols. These bioactive compounds
may have been responsible for anti-inflammatory
properties. Monolaurin, a glycerol and lauric acid
product, modulates the inflammatory process and
possesses immunomodulatory and antimicrobial
properties.” VCO and its derivatives are safe and
effective antiviral compounds in humans and
animals. In addition, coconut oil itself has been
shown to have anti-HIV properties in small clinical
studies.!’ Despite the documented evidence, VCO's
medicinal properties in mediating the health benefits
have not been explored.

This study hypothesized that curcumin and VCO
interfered in the crucial steps of the pathophysiology
of COVID-19 and proposed a potential role in
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inflammatory responses for COVID-19 patients, especially IL-1f, IL-2,
IL-6, IL-18, TNF-a, and IFN-{ levels.

MATERIALS AND METHODS
Trial design

This study was a single-center, controlled trial with a parallel Arm or
a Randomized Clinical trial design. The experiment protocols were
approved by the ethics board of Universitas Sebelas Maret (No.066/
UN27.06.6.1/KEPK/EC/2020).

Participants

The severe acute respiratory syndrome department of Universitas
Sebelas Maret Hospital screened patients with an age range of 18 to
60 years from May to September 2020 based on the following criteria:

Inclusion criteria:
New patients who were confirmed to be infected with COVID-19.

Patients with mild-moderate symptoms of COVID-19 according
to criteria on the Decree of the Minister of Health of the Republic
of Indonesia number HK.01.07/Menkes/5671/2021 concerning the
clinical management of coronavirus disease 2019 (Covid-19) in the
health service facility.

Signing informed consent.
The exclusion criteria of this study were included as follow:
Severe and critical pneumonia due to COVID-19.

Patients with elevated ALT/AST of > 6x the upper limit of normal
values (ALT 7-56 UI, AST 10-40 UI).

Patients with elevated levels of urea and creatinine (normal urea level:
10-44 mg/dL and normal creatinine level: 0.6-1.4 mg/dL).

Patients with a history of comorbidity.

Patients who were pregnant or breastfeeding.

Patients who were received herbal or supplement treatment.
Patients who taken a drug regimen for COVID-19.

Patients who had allergies.

Patients who complain of side effects that, according to the doctor's
consideration, the addition of curcumin + VCO must be discontinued.

Sampling technique

This study utilized a randomized controlled trial. The replication was
determined according to the replication formula for experimental
research with a completely randomized design.

(t-1) (r-1) > 15

(2-1) (r-1) > 15

I+r>15

r>14

Note:

t = amount of intervention group

r = replication amount of intervention group

Therefore, the minimal number of samples based on the calculation
was 14 in each group. A total of 15 patients with mild COVID-19 and
15 with moderate COVID-19 were included in the control group. In
addition, 7 mild COVID-19 patients and 23 moderate COVID-19
patients were appointed as respondents in this study.
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Intervention and comparator

Control group (Grup I): Thirty patients were diagnosed with SARS-
CoV-2 infection and treated with Azithromycin 500 mg + Oseltamivir
2x75 mg + Hydroxychloroquine 400 mg/day for 5 days.

Experimental group (Grup II): Thirty patients were diagnosed with
SARS-CoV-2 infection and treated with Azithromycin 500 mg +
Oseltamivir 2x75 mg + Hydroxychloroquine 400 mg/day for 5 days,
added with VCO 30 ml and curcumin 3x1g/day for 21 days. Due to its
proteolytic action, VCO is directly absorbed when administrated orally.
It also substantially promotes the absorption of curcumin, enhances its
bioavailability, and makes a perfect combination.'

Herbal ingredients

Curcumin

The curcumin preparation was obtained from local Indonesian
products registered with the Food and Drug Administration of the
Republic of Indonesia, with a dose referring to previous studies, namely
3,000 mg/day. This dose has been approved to reduce infection and
produce an immunomodulatory effect in cases of recurrent respiratory
tract infections."

Virgin Coconut Oil (VCO)

The VCO was obtained from local agricultural products companies
and produced with no preservatives or additives using the freeze-thaw
method. The selected VCO products are those registered with the Food
and Drug Administration of the Republic of Indonesia. According to
previous studies, the dose was set at 30 mL per day in adult.”?

PCR swab examination

PCR swabs were conducted to determine clinical improvement after
treatment. Nasopharyngeal and oropharyngeal swabs were performed
on days 1, 10, 14, and 21 at the Universitas Sebelas Maret Hospital,
Surakarta, Indonesia. RNA extraction was conducted utilizing
Loiferiver Novel Coronavirus (2019-nCoV) RNA Isolation Kit (for
Auto-Extraction) (Liferiver ME-0012, Shanghai Z] Bio-Tech) following
the manufacturer instruction.

Real-Time RT-PCR tests were performed on throat swab specimens
at the Universitas Sebelas Maret Hospital, Indonesia, utilizing Novel
Coronavirus (2019-nCoV) Real-Time Multiplex RT-PCRKit (Detection
of 3 Genes). SARS-CoV-2 open reading frame lab (ORFlab), N, and
E gene fragments were amplified, and the conditions for amplification
were 45 °C for 10 min and 95 °C for 3 min, followed by 45 cycles of 95°C
for 15s and 58°C for 30s. When both targets (ORFlab, gene N, and
gene E) were tested positive by specific real-time RT-PCR, the case was
considered laboratory-confirmed. A cycle threshold value (CT value)
less than 37 was defined as positive, and a CT value more than 41 was
defined as negative. A medium load, defined as a CT value ranging
from 37 to 40, required confirmation by retesting.

Cytokine assay

The cytokine levels in serum were measured utilizing Enzyme-Linked
Immunosorbent Assay (ELISA). The kits of IL-1p, IL-2, IL-6, IL-18,
IFN-B, and TNF-a (R&D Systems Bio-Techno) were used according
to the manufacturer's instructions. Plates were developed using
tetramethylbenzidine substrate (Thermo Fisher Scientific), stopped using
2 N HCL, and read at a dual-wavelength of 450 nm in a microplate reader
(Bio-Rad) to obtain the optical density (OD) and concentration values.

Statistical analysis

All statistical analyses were performed using SPSS version 16.0 (SPSS
Inc.). The normality test used the Independent-group t-tests, while
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the homogeneity test used the Levene test. Different tests used the
Friedman test and continued with the post hoc test. All data was
displayed with mean + standard deviation (SD). All statistical analyses
used a significant level (p <0.05).

RESULTS

Patient’s characteristics

Table 2 is presented the percentages of respondents in the control and
experimental groups. Sixty respondents were male (56.67%) with an age
range of 36 to 49 years and a body mass index range of 18.5 to 24.9. In
the control group, 15 (25%) respondents had both mild and moderate
COVID-19, while in the experimental group, 23 (38.33%) respondents
had moderate COVID-19. No respondent had comorbidities such
as heart attack, hypertension, or diabetes. No respondent needed
assistance to do their daily activities and receive advanced respiratory
support. No respondent experienced side effects after the intervention.
Regarding the patient characteristic, there were no significant
differences in age, gender, BMI, comorbidities, assistance, advanced
respiratory support, and side effects experienced by the respondents in
the control and experimental groups (p>0.05). In contrast, respondents
with Severe COVID-19 in the control and experimental groups indicated
significant differences with a p-value < 0.05.

Patients recovery time

As shown in Figure 1, the recovery time of COVID-19 patients
treated with standard treatment, curcumin, and VCO was faster than
COVID-19 patients who were only treated with standard treatment. A
total of 54% of respondents had negative PCR results on day 10 and 0%
in more than 21 days in the group with standard treatment + curcumin
+ VCO supplementation (Group II). A total of 50% of the respondents
had negative PCR results at day 21 in the group with only standard
treatment (group I).

Cytokines levels

We also evaluated the levels of IL-1B, IL-2, IL-6, IL-18, TNF-a,
and IFN-fB in serum samples from the first and second groups of
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COVID-19 patients on days 1, 14, and 21. As presented in Figure 2,
the first group treated with Azithromycin 500 mg + Oseltamivir 2x75
mg + Hydroxychloroquine 400 mg/day for 5 days had no significant
reduction in the levels of IL-1f, IL-6, IL-18, TNF-a, and IFN-P on days
1, 14, and 21 (p < 0.05). Meanwhile, the second group treated with
Azithromycin 500 mg + Oseltamivir 2x75 mg + Hydroxychloroquine
400 mg/day for 5 days, added with 3 g of curcumin and 30 mL of VCO
for 21 days, had a significant reduction in the levels of IL-1p, IL-2, IL-6,
IL-18, and IFN- after 21 days (p<0.05). These findings demonstrated that
curcumin and VCO inhibited IL-1f, IL-2, IL-6, IL-18, and IFN-{ levels.

DISCUSSION

The COVID-19 outbreak has been declared a pandemic by WHO, with
a crude mortality rate of about 2.3%. The pathogenesis of COVID-19
involves a potent inflammatory response. The host immune response
is the first-line defense triggered by the viral infection, which will
induce cell death and cytopathic." Pro-inflammatory cytokines play
an important role in the immune reaction during the viral infection
and can be utilized to predict the severity of the clinical outcomes.'>'
Evidence proved that close interaction between virus SARS-CoV-2 and
the immune system resulted in diverse clinical manifestations'” and
activated inflammasome. The inflammasome is reflected by cytokine
storms in COVID-19 patients that may worsen the disease.’* The
cytokines storms of clinical findings contribute to the pro-inflammatory
cytokines secretion such as IL-1, IL-6, IL-18, IFN-a, and TNF-a."
Besides, the major causes of Acute Respiratory Distress Syndrome
(ARDS) and multiple organ failure found in critically ill COVID-19
patients.” According to Tanaka et al. (2021), IL-1P is a potent inducer
of COX2 expression. IL-2 is a pleiotropic cytokine that dissects the
signaling pathways, controlling both pro and anti-inflammatory
differentiation and homeostasis. IL-6 is a pro-inflammatory cytokine
that plays a key role in the host defense mechanism. IL-18 is a cytokine
that stimulates Thl immune responses, which play a crucial role in
the host defense against intracellular microbes through induction of
IFN-a. IFN-f is an immunomodulator that decreases inflammation
and prevents damage. Lastly, TNF-a is a pleiotropic cytokine that
regulates many facets of macrophage function.”"

—4—GROUP I
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&%

-

Day 21 Day =21

Recovery Time

Figure 1: Conversion to negative PCR results of the first (black) and second (grey) groups.
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Figure 2: Cytokine levels on days 1, 14,and 21 in COVID-19 patients. Group one was treated with Azithromycin + Oseltamivir
+ Hydroxychloroquine (standard treatment). Group 2 was treated with standard treatment, VCO and curcumin.

Peter et al. reported that the synergetic effect of antiviral treatment
was combined with appropriate anti-inflammatory treatment.”
This study demonstrated the first-time effect of VCO and curcumin
supplementation (anti-inflammatory treatment) on mild and
moderate COVID-19 patients. As shown in Figure 1, the recovery time
of COVID-19 patients treated with standard treatment, curcumin,
and VCO was faster than those treated only with standard treatment
without curcumin and VCO. Figure 2 illustrates that almost all
cytokines, including IL-1p, IL-2, IL-6, IL-18, TNF-a, and IFN-B, in the
control group had no significant difference. In contrast, the treatment
group showed a significant reduction in the IL-1p, IL-2, IL-6, IL-18,
and IFN-p levels after 21 days. This study demonstrated that standard
treatment + curcumin + VCO mediate its anti-inflammatory activity
by reducing the secretion of IL-1p, IL-2, IL-6, IL-18, and IFN-f.
Previous studies revealed that in vitro, in vivo, and based on clinical
trials, curcumin plays an important role as an anti-inflammatory and
antiviral against various viruses, bacteria, and fungi.**

Pharmacognosy Journal, Vol 14, Issue 1, Jan-Feb, 2022

Curcumin was first isolated by Vogel and Pelletier in 1815 from
the rhizomes of C. longa.” Its anti-inflammatory activity increases
the expression of T-regulatory cells, decreases pro-inflammatory
cytokines in the adaptive immune system, and hence helps produce
anti-inflammatory cytokines. Pro-inflammatory cytokines inhibited
by curcumin include IL-1, IL-2, IL-6, IL-8, IL-12, TNF-a, monocyte
chemoattractant protein, and migration inhibitory protein resulting
from downregulation of the inflammatory response.”® A recent report
by Lin et al. indicated that long-term infection with SARS-CoV-2 may
increase IL-6, TNF-a, IFN-y, IL-2, IL-4, and IL-10 cytokines.”’

In addition, pro-inflammatory cytokines play crucial role in the
immune response against viral replication and viral shedding.
Curcumin showed the best inhibitory effect on viral replication.
Previous studies reported that curcumin could inhibit hepatitis C virus
subgenomic RNA replication.?* It also revealed that curcumin could
block the entry step of the viral life cycle.”® Recent evidence from in
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Table 1: Symptom degree and clinical symptom according to the criteria of the Minister of Health of the Republic of Indonesia.

Patients with symptoms without evidence of viral pneumonia or hypoxia. The appearing symptoms include fever,

Myalgia. Other non-specific symptoms, including sore throat, nasal congestion, headache, diarrhea, nausea and

vomiting, loss of smell (anosmia), or loss of taste (ageusia) that occur before the onset of respiratory symptoms, are
also frequently reported. History and physical examination. Oxygenation status: SpO2 > 95% with room air.

Patients with clinical symptoms of pneumonia (fever, cough, shortness of breath) without symptoms of severe

Patients with clinical signs of pneumonia (fever, cough, shortness of breath, rapid breathing) plus respiratory rate > 30

Symptom degree  Clinical symptoms

Asymptomatic No complaints and clinical symptoms
cough, fatigue, anorexia, shortness of breath,

Mild

Moderat . . 3 :

oderate pneumonia. Oxygenation status: SpO2 93 - 95% with room air.

Severe . - . 3 : ]
breaths/minute or severe respiratory distress. Oxygenation status: SpO2 < 93% in room air.

Critical Patients with Acute Respiratory Distress Syndrome

(ARDS), sepsis and septic shock.

Table 2: Patient’s characteristics.

Characteristic All patients (n=60)

Age (years)?

18-35 25 (41.67)
36-49 15 (25.00)
50-60 20 (33.33)
Gender®

Male 34 (56.67)
Female 26 (43.33)
Body Mass Index *

<18.5 6 (10.00)
18.5-24.9 43 (71.67)
25-29.9 11 (18.33)
> 30 0 (0.00)
COVID-19 severities *

Mild 22 (36.67)
Moderate 38 (63.33)
Severe 0 (0.00)
Having Comorbidities®

Yes 0 (0.00)
No 60 (0.00)
Assistance required to do daily

activities

Yes 0 (0.00)
No 60 (100.00)
Receiving advance respiratory

support®

Yes 0 (0.00)
No 60 (100.00)
f{;(:e Effects 1 (0.00)
No 60 (100.00)
2 frequency (percentage)
> Mann Whitney
" p-value

silico studies demonstrated that curcumin could prevent SARS-CoV-2
entry into cells by blocking the viral binding sites and the cell ligands
(spike protein and ACE-2 receptors), downregulating transmembrane
serine protease 2 (TMPRSS-2), and interfering with viral replication
through the interaction with various viral proteins. Hydroxyl group
at the meta-position of the benzene ring and the double bonds in
the central seven-carbon chain in the curcumin derivatives may be
essential for neuraminidase inhibitory activity.” Curcumin acts as
a direct antiviral and protects the host by inhibiting TLR4 and other
TLRs signaling.*

Studies indicated the potential benefits of curcumin against
respiratory viral infections.” Curcumin can effectively inhibit the
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Control Group (n=30)

Experimental Group

(n=30) p-value
11(18.33) 14 (23.33)
5(8.33) 10 (16.67) QLS
14 (23.33) 6 (10.00)
16 (26.67) 18 (30.00) 0.606"
14 (23.33) 12 (20.00)
2(3.33) 4(6.67)
24 (40.00) 19 (31.67) 0.765"
4 (6.67) 7 (11.67)
0 (0.00) 0 (0.00)
15 (25.00) 7 (11.67) .
15 (25.00) 23 (38.33) O
0 (0.00) 0 (0.00)
0 (0.00) 0 (0.00) -
30 (50.00) 30 (50.00)
lb
(0.00) (0.00)
30 (50.00) 30 (50.00)
lb
(0.00) (0.00)
30 (50.00) 30 (50.00)
(0.00) (0.00) 16
30 (50.00) 30 (50.00)

viral enzymes of SARS-coronavirus. Recent in-silico predictions
suggested a stable interaction between curcumin and SARS-CoV-2
enzymes.® Regulations of coronavirus-infection-associated responses
by curcumin are considered. Moreover, curcumin has been proved
to modulate various pathophysiology consequences of SARS-CoV-2
infection. The entry of SARS-CoV-2 into host cells is also predicted
to be inhibited by curcumin through direct interaction with viral
ligands or target cell receptors. The inhibition of transmembrane
serine protease 2 (TMPRSS2) by curcumin has been reported, a
priming enzyme for SARS-CoV-2 cellular entry. The inhibitory effect
of curcumin against coronavirus and other respiratory-associated viral
infections demonstrates its promising potential against COVID-19.%%
Moreover, curcumin inhibits caspase 1 activation and IL-1p secretion

Pharmacognosy Journal, Vol 14, Issue 1, Jan-Feb, 2022
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Figure 3: Novelty and schematic representation of curcumin and VCO
supplementation affecting pro-inflammatory cytokines in COVID-19
patients. This figure was created in BioRender.

Lungs

by suppressing both LPS priming and inflammasome activation. The
NLRP3 inflammasome can be activated in TLR agonist by inducing the
NLRP3 and pro-IL-1p synthesis via the NF-kB pathway.**

Virgin coconut oil (VCO) has been consumed worldwide for various
health-related reasons that have been scientifically evaluated. VCO
is also effective against treating chronic inflammation in arthritis,
which could be due to its anti-inflammatory properties and ability
to overcome nitric oxide-induced oxidative damage.** VCO has been
reported to contain polyphenols.*® Antioxidants can scavenge a wide
range of ROS. The high number of hydroxyl groups impacts on several
antioxidant activities* and neutralizes free radicals.” The molecular
mechanism of polyphenol anti-inflammatory activities includes
inhibiting enzymes associated with pro-inflammatory properties such
as COX-LOX and iNOS, inhibiting NF-kB, and activating protein-1
related factors.* The polyphenols in VCO could combat MTX-induced
oxidative stress. Oxidative stress has been implicated in commencing
or amplifying inflammation by activating several transcription factors
associated with inflammatory mechanisms.

We described the mechanism of curcumin and VCO against pro-
inflammatory cytokines levels in COVID-19 patients (Figure 3).
COVID-19 leads to a critical clinical condition with high inflammation
and excessive viral replication. Clinical observation in COVID-19
patients indicates that the infection promotes immune deregulation
characterized by a high level of pro-inflammatory cytokines. Many
studies revealed that flavonoids possess significant anti-inflammatory
properties in vitro and in vivo.> We assumed that the polyphenols
in curcumin and VCO act as antioxidants that may induce anti-
inflammatory, antiviral, and antioxidant effects in COVID-19 patients.
Curcumin and VCO are expected to have a therapeutic effect by
inhibiting the NF-kB signaling pathway. In addition, curcumin and
VCO can regulate various pro-inflammatory cytokines by inhibiting
the expression of TLR-4, which leads to downregulation of NF-kB.

Toll-like receptor 4 (TLR-4) is expressed on the plasma membrane
of immune cells that plays an important role in the inflammatory
process.”® In the TLR-4 signaling pathway, the MyD88-dependent
signaling pathway is an important activator of NF-B and the
subsequent regulatory effect of NF-«B signaling.”” Inhibition of Nf-
kp signaling reduces NLRP3 inflammasome activation. Beta-HB-
mediated inhibition of NLRP3 inflammasome activation is possible
by limiting K + efflux pro-ATP M cell and reducing IL-1p and IL-18
without significantly affecting TNF-a level .
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In addition to inhibiting NF-kp signaling through TLR-4, curcumin
and VCO are assumed to inhibit purinergic 2X7 receptors (P2X7R).
P2X7R is a member of the P2X subfamily, which plays an important
role in macrophages, regulates cytokine production, and is activated
by extracellular ATP to induce NLRP3 inflammasome assembly.”
P2X7R decreases the phosphorylation level of the p65 subunit of NFkB,
but not the TLR4 or MyD88 pathway. Then, the decrease in P2X7R
expression with TLR4-MyD88-NF-«xB signaling regulates NLRP3
expression, caspase-1 activation. Therefore, these conditions are
expected to decrease in storm cytokines or pro-inflammatory protein
expression. However, another study suggested that curcumin may
reduce the production TNF-a. In this regard, curcumin inhibits the
ROS by increasing glutathione (GSH) activity as well as modulating
several signaling pathways such as PPARy, JNK, NF-kB and Nrf2.%
These decreasing inflammatory cytokines fasten the recovery time of
COVID-19 patients supplemented by curcumin and VCO.

Our study highlighted the potential role of curcumin and VCO
supplementation in COVID-19 patients. Therefore, it was proposed
that curcumin and VCO can be used to treat COVID-19 patients.

CONCLUSION

Curcumin and VCO reduced the IL-1p, IL-2, IL-6, IL-18, and IFN-f
levels in COVID-19 patients after being treated for 21 days. Curcumin
combined with VCO could be a nutraceutical resources for the recovery
of COVID-19 patients.
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