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Post-Covid Syndrome [SUNUNINYY

| Acute COVID-19 |

Post-acute COVID-19

Nalbandian et al, 2021 |

Subacute/ongoing COVID-19 |  Chronic/post-COVID-19

| Detection unlikely PCR positive |

PCR negative
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Fatigue
Decline in quality of life
Muscular weakness

Joint pain

Dyspnea
Cough
Persistent oxygen requirement

Anxiety/depression
Sleep disturbances
PTSD
Cognitive disturbances (brain fog)
Headaches

Palpitations
Chest pain

Thromboembolism

Chronic kidney disease

Hair loss
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Anti-SARS-CoV-2 Activity of Andrographis paniculata Extract and Its
Major Component Andrographolide in Human Lung Epithelial Cells
and Cytotoxicity Evaluation in Major Organ Cell Representatives

Khanit Sa-ngiamsumom“ Ampa Suksatu,* Yongyut Pewkliang, Piyanoot Thongsri,
Phongthon Kanjanasirirat, Suwimon Manopwisedjaroen, Sitthivut Charoensutthivarakul,
Patompon Tb\h)ngtr.‘ilmu:mgal:e, Supaporn Pitiporn, Jarinya Chaopreecha, Supasek Kongsomros,
Kedchin Jearawuttanakul, Warawuth Wannalo, Phisit Khemawoot, Somchai Chutipongtanate,
Suparerk Borwornpinyo,* Arunee Thitithanyanont,” and Suradej Hongeng
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ABSTRACT: The coronaviruses disease 2019 (COVID-19)
caused by a novel coronavirus (SARS-CoV-2) has become a
major health problem, affecting more than 50 million people with
over one million deaths globally. Effective antivirals are still lacking.
Here, we optimized a high-content imaging platform and the
plaque assay for viral output study using the legitimate model of
human lung epithelial cells, Calu-3, to determine the anti-SARS-
CoV-2 activity of Andrographis paniculata extract and its major
component, andrographolide. SARS-CoV-2 at 25TCID,, was able
to reach the maximal infectivity of 95% in Calu-3 cells.
Postinfection treatment of A. paniculata and andrographolide in
SARS-CoV-L-infected Calu-3 cells significantly inhibited the production of infectious virions with an ICy, of 0.036 ug/mL and 0.034
UM, respectively, as determined by the plaque assay. The cytotoxicity profile developed over the cell line representatives of major
organs, including liver (HepG2 and imHC), kidney (HK-2), intestine (Caco-2), lung (Calu-3), and brain (SH-SY5Y), showed a
CCyy of >100 pg/mL for A. paniculata extract and 13.2—81.5 uM for andrographolide, respectively, corresponding to a selectivity
index of over 380. In conclusion, this study provided experimental evidence in favor of A. paniculata and andrographolide for further
development as a monotherapy or in combination with other effective drugs against SARS-CoV-2 infection.
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ICy, values measured by the plaque assay were lower than

... those of the high-content imaging IFA. This can be interpreted

as both A. paniculata extract and andrographolide are more
potent in interfering at the late phases of the viral life cycle in

Calu-3 cells than those of the early steps of viral genome
replication and protein expression. The late phases of the
SARS-CoV-2 life cycle include viral assembly and maturation,
transportation along the secretory pathway, or particle release.
Also, we performed pre-entry treatment of andrographolide in
Vero E6 cells (Supplementary Figure 3), in which the
compound was added into the cells together with the
25TCIDSO0 of SARS-CoV-2 during the viral adsorption step.

=" Then the inoculum was removed, and the cells were washed

before adding fresh medium without the compound into the
cells. In this pre-entry treatment, the ICg, of andrographolide
evaluated by IFA was 19.03 uM, compared w1th the IC, value
of 6.58 uM in the post-treatment condition.” ' This suggested
that the compound might target the postentry event or the late

=--. phase of the viral life cycle. Since andrographolide exerted a

stronger anti-SARS-CoV-2 effect than the extract, this finding
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Article

Andrographolide inhibits influenza A virus-induced activity of andrographolide. In

inflammation in a murine model through NF-kB and JAK- conclusion, combination of virus entry
STAT signaling pathway inhibitor with immunomodulator might
September 2017 - Microbes and Infection 19(12) be a promising therapeutic approach for
DOI-10.1016/j.micinf 2017.08.009 influenza virus infection.

Authors: https://www.researchgate.net/publication/319591744_Andrographolide_in

hibits_influenza_A_virus-
. _ induced_inflammation_in_a_murine_model_through NF-kB_and_JAK-
YiDing Lizhu Chen STAT signaling_pathway
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for Biotechnology Information, 2020a). Andrographolie is also a potent immunomodulator;

Lx]
=
=

known to significantly stimulate the immune response, regulate the production of NK cells anc
cytokines and stimulate the production of cytotoxic T-lymphocytes (Varma et al., 2011).
Andrographolide efficiently brought about a dose-dependent reduction in the levels of
inflammatory cytokines TNFa, IL-12, IL-1p3, IL-6, IL-18 in LPS/ IL-4-activated murine

macrophages (Wang et al., 2010). Andrographolide treatment suppresses inflammatory
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Boesenbergia rotunda (Extract)
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MOLECULAR DOCKING STUDY BETWEEN 3 THAI MEDICINAL
PLANTS COMPOUNDS AND COVID-19 THERAPEUTIC PROTEIN
TARGETS: SARS-COV-2 MAIN PROTEASE, ACE-2, AND PAK:
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Fig. 3: Docking score between ACE-2 and test compounds
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hytoconstituents of Zingiber officinale Targeting Host-viral Protein Interaction at

Entry Point of SARS-CoV-2: A Molecular Docking Study ﬂ"liﬁ'ﬂtﬂi mjbl I.aﬂ'a

ﬂalﬂmsaaﬂqnsmuwa
SARs-CoV-2 y83
a15dIAND 4 BilA
1. Zingiberene

2. Zingerone

3. Gingerenone

4. Shogaol

Ankita Singh Chakotiya and Rakesh Kumar Sharma’

Saveetha Institute of Medical and Technical Sciences, Chennai - 600 077, India
"E-mail: rksharmadrl@yahoo.com
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Phytochemicals from Zingiber officinale may Inhibit the entry of SARS CoV-2 by targeting
ACE2 and TMPRSS2

*"Befence Life Science Journal, 5 (4), 2020, 268-277

dladiaue sA.AT.USAN AUAY Lagas.Ney. RNiLa Fuanag

Phytoconstituents of Zingiber officinale Targeting Host-viral Protein Interaction at
Entry Point of SARS-CoV-2: A Molecular Docking Study

Ankita Singh Chakotiya and Rakesh Kumar Sharma’

Saveetha Institute of Medical and Technical Sciences, Chennai - 600 077, India
"E-mail: rksharmadrl@yahoo.com

..Z. Officinale (Ginger), a natural immunity promoting

supplements, is a constituent ingredient of a herbal msf.mms,ﬁntu Laﬂa
formulation recommended by Ministry of Ayush,

Government of India, as a preventive measure to ﬂﬂtﬂﬂ'\iﬂﬁﬂﬂ‘ﬂﬁﬂm
enhance body's immunity in the wake of COVID-19 568! n;yq'mm
outbreak. It is concluded that Z officinale found as

entry inhibitor of SARS-CoV-2 in present study, could L mmﬁﬂa SARS COV =
be a safe and reliable adjuvant for mitigating COVID- 2, ATHL BEL‘U m" mj

19 to reduce infectivity as it also possesses 3. INHATAINNIY
antibacterial and immunity booster activity. While v

there is no specific prophylactic or therapeutic

modality against SARS-CoV-2 as of now, our study

indicated that Z. officinale can be a valuable

preventive measure for COVID-19. ....
Defence Life Science Journal, 5 (4), 2020, 268-277
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Natural products as home-based prophylactic and symptom
management agents in the setting of COVID-19

Sai Manohar Thota' @ | Venkatesh Balan?® | Venketesh Sivaramakrishnan

Ginger has significantly reduced pulmonary fibrosis and
mitigated oxidative stress and Inflammatory response in chemically
induced pulmonary fibrosis in animal models. For example, bleomycin,

2 cytotoxic antibiotic used in cancer treatment, has idiopathic pulmo-
nary fibrosis (IPF) as a side effect. In bleomycin-treated rats,
zingerone, a bioactive compound in ginger has significantly reduced
fibrosis score in histopathological sections of lungs, reduced levels of
fibrosis marker, hydroxyproline and oxidative stress marker, and
malondialdehyde (MDA). In addition, It increased levels of antioxidant
markers like reduced glutathione (GSH), superoxide dismutase
(SOD), and glutathione peroxidase (GSH-Px) in the lungs (Mansouri
et al, 2019), Similarly, in ethanol-treated rats that exhibit symptoms of
diffuse alveolar damage and acute lung Injury leading to ARDS,
extracts of ginger mitigated abnormalities in alveolar alr space,
wall thickening, Infiltration of multinucleated cells and pneumocytes,
lung cell proliferation, and fibrosis in the ethanol-treated rats. In
addition, ginger significantly reduced the oxidative stress markers
namely 8-hydroxy-2-deoxyguanosine (8-OHdG), oxidized low-density

lipoprotein (Ox-LDL), and NADH oxidase levels, (Shirpoor, Gharalar,
Rasmi, & Heshmati, 2017).

In a separate clinical study on 32 ARDS patients, 120 mg of gin-
ger extract was shown to increase the tolerance of enteral feeding,
significantly reduced nosocomial pneumonia and increased the ICU-
free and ventilator-free days compared with the placebo group
(Shariatpanahi, Taleban, Mokhtari, & Shahbazi, 2010). Ginger with its
bioactive compounds has also ameliorated sepsis and acute kidney
injury (AKI) induced by cecal ligation and puncture (CLP) in rats. Spe-
cifically, in this study, the authors demonstrated that é-gingerol and
10-gingerol significantly reduced pathological levels of AKI markers,
oliguria, blood urea nitrogen, urinary protein, serum creatinine levels,
urinary sodium, and osmolarity in these rats, Both compounds have
also reduced the levels of oxidative stress markers, MDA and nitrite,
as well as increased the levels of antioxidants, GSH and SOD. In addi-
tion, they also reduced levels of inflammatory markers such as tumor
necrosis factor-a (TNF-a), interleukin (1L)-1§, and kidney injury marker,
KIM-1 (Rodrigues et al, 2018).

K
-samsthaiiads

UsA

-fhuh oxidative
stress
-USSIMASHALEY
Tudninasnefign
wflphiian lung

injury

Phytotherapy Research. 2050 1-20.

Compounds of Citrus medicaand Zingiber officinale
for COVID-19 inhibition: in silico evidence for cues

from Ayurveda

Abstract

Background: The nasal carriage of SARS-CoV-2 has been reported as the key factor transmitting
COVID-19. Interventions that can reduce viral shedding from the nasopharynx could potentially
mitigate the severity of the disease and its contagiousness, Herbal formulation of Citrus medica and
Zingiber officinale is recommended in an Ayurvedic text as a nasal rinse in the management of
contagious fevers, These herbs are also indicated in the management of respiratory illnesses and have
been attributed with activity against pathogenic organisms in other texts, Molecular docking studies
of the phytocompounds of C. medica and Z officinale were done to find out whether these
compounds could inhibit the receptor binding of SARS-CoV-2 spike protein (S protein) as well as the
angiotensin-converting enzyme 2 (ACE-2), as evidenced from their docking into binding/active sites.

Results: The proteins of SARS-CoV-2, essential for its entry into human cells and highly expressed in
the goblet and ciliated cells of nasal epithelium, play a significant role in contagiousness of the virus.
Docking studies indicated that the specific compounds present in C, medica and Z officinale have
significant affinity in siico to spike protein of virus and ACE-2 receptor in the host.

Conclusion: In silico studies suggest that the phytochemical compounds in C. medica and Z officinale
may have good potential in reducing viral load and shedding of SARS-CoV-2 In the nasal passages.
Further studies are recommended to test its efficacy in humans for mitigating the transmission of
COVID-19,

Keywords: Anglotensin-converting enzyme 2 Ayurvedic formulation; COVID-19; In silico evidence;
SARS-CoV-2 spike protein.
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Table 2: Frequency of clinical symptoms in control and treatment
groups in the baseline.

Research Article

Mehdi Mesri, Seied Saeid Esmaeili Saber, Mohammadreza Godazi,
Aboulfazl Roustael Shirdel, Reza Montazer, Hamid Reza Koohestani*, Nayereh Baghcheghi,
Mahmood Karimy and Nemat Azizi

The effects of combination of Zingiber officinale
and Echinacea on alleviation of clinical symptoms
and hospitalization rate of suspected COVID-19
outpatients: a randomized controlled trial

e e < oy ipger-tablet 500 mg Il tds

Groups Coatrol
Characteristics = - = -

Gender

Femate 0 az 19 38 o0
Maie % e »n a2

Age

Mean & SO 45,46 1 13,40 AF.1 0 1555 »0.04
Weight

Mean + 50 T7. %4 = 102 TRAT 2 0.1 »0.05%
LS LL TR

Mean » SO 2498 » 2.02 %31 2 297 »Q.0%
Days spont from

heginning Hiness

Mean = SO 1.14 s 078 1.28 : 085 *»0.0%

Control
group

n %
Fever 8 16
Coughing 33 66
Muscle pain 34 68
Shortness of breath 39 78
Sore throat 12 24

p-value < 0.05; statistically significant

Table 3: Comparison of alleviation of clinical symptoms in control
and treatment groups.

Control Treatment Chi* p-value
group group
n % n %
Fever 7 87.5 14 93.33 0.22 0.63
Coughing 26 78.78 41 97.61 6.87 0.009
Muscle pain 26 76.47 24 96 4.25 0.03
Shortness of breath 27 69.23 31 91.17 5.39 0.02
Sore throat 10 83.33 15 93.75 0.37 0.77
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Nair et al, 2021, Zhou et al, 2021
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