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ARTICLE INFO ABSTRACT

Keywords: The novel enveloped f-coronavirus SARS-CoV-2 (COVID-19) has offered a surprising health challenge all over the
Encapsulated virus world. It develops severe pneumonia leading to acute respiratory distress syndrome (ARDS). Like SARS-COV-2,
COVID-19 other encapsulated viruses like HIV, HSV, and influenza have also offered a similar challenge in the past. In this
Houttuynia cordata - . . . .

Ethnomedicine regard, many antiviral drugs are being explored with varying degrees of success to combat the associated
Nutraceutical pathological conditions. Therefore, upon scientific validation & development, these antiviral phytochemicals can

attain a futuristic nutraceutical prospect in managing different encapsulated viruses. Houttuynia cordata (HC) is
widely reported for activities such as antioxidant, anti-inflammatory, and antiviral properties. The major anti-
viral bioactive components of HC include essential oils (methyl n-nonyl ketone, lauryl aldehyde, capryl alde-
hyde), flavonoids (quercetin, rutin, hyperin, quercitrin, isoquercitrin), and alkaloids (norcepharadione B) &
polysaccharides. HC can further be explored as a potential nutraceutical agent in the therapy of encapsulated
viruses like HIV, HSV, and influenza. The review listed various conventional and green technologies that are
being employed to extract potent phytochemicals with diverse activities from the HC. It was indicated that HC
also inhibited molecular targets like 3C-like protease (3CLPRO) and RNA-dependent RNA polymerase (RdRp) of
COVID-19 by blocking viral RNA synthesis and replication. Antioxidant and hepatoprotective effects of HC have
been evident in impeding complications from marketed drugs during antiviral therapies. The use of HC as a
nutraceutical is localized within some parts of Southeast Asia. Further technological advances can establish it as a
nutraceutical-based functional food against pathogenic enveloped viruses like COVID 19.

Antiviral agent
Green technologies

1. Introduction

Nutraceuticals offer a wide range of therapeutic properties against
various microbial infections. The current viral pandemics have made us
re-evaluate our immunity and consider the importance of medicinal
food products. Nutraceutical products generally include dietary sup-
plements (enriched with micro-nutrients, vitamins, co-enzyme Q, etc.),
functional foods (such as, yogurts, cereals, etc.), and are scientifically
processed and validated products (Chauhan et al., 2014) Stephen
DeFelice (1979) termed the word “Nutraceuticals” by amalgamating
“nutrition” and “pharmaceutical” and hence act as both functional foods
with both disease prevention and management properties. These are
“food-like substances” that can be easily incorporated into the patient’s
dietary habits, making them more consumer compatible. Therefore, the

* Corresponding author.
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nutraceutical market is emerging as a new-generation functional foods
(Durazzo et al., 2020). Time and again, humankind has faced horrific
attacks of viral infection primarily caused by encapsulated viruses like
HIV (Human immunodeficiency virus), Influenza, Herpes simplex virus
(HSV), Swine flu, and Coronavirus (SARS-COV2). The associated path-
ological condition becomes fatal in a concise duration of viral invasion
in the body. The capsule proteins of these viruses help easy entry into the
cells and facilitate faster replication surpassing the body’s natural im-
mune protection (Chou & Fasman, 2009). Among the existing array of
synthetic drugs, none of them have restricted the spread of the infection.
Herbal molecules offer stronger immune surveillance and eliminate the
dangerous complications with existing synthetic antiviral agents. The
application of Phyto-nutraceuticals is gaining popularity in the man-
agement of fatal bacterial and viral infections. Phytochemicals have also
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been reported to show reduced drug resistance and increased sensitivity
to drugs (Ayaz et al., 2019).

Polyphenol-rich herbs, especially coffee and green tea with potent
antioxidant properties, have been extensively used as functional foods in
viral infections. Bioactive peptides, naturally present in food proteins
have also been documented to elicit physiological responses associated
with immunological aspects of the human system (Alkhatib et al., 2020).
Fruits like citrus, apples, red grapes, cherries and leafy vegetables, and
quercetin-based formulations have shown good antioxidant and anti-
viral properties. For instance, flavonol quercetin was found to possess
dose-dependent antiviral activity against HSV-1, poliovirus type 1,
parainfluenza virus type 3 (Pf3), and respiratory syncytial virus (RSV)
(Wu et al., 2016). Chalcones and chalcone derivatives obtained from the
bark of Millettia leucantha are potent flavonoids recorded for their
antiviral property against HSV (Phrutivorapongkul et al., 2003). Cala-
nolide A, which was first discovered in Malaysia, isolated from Calo-
phyllum lanigerum, is hypothesized to have potential anti-HIV activity as
a novel non-nucleoside reverse transcriptase inhibitor (NNRTI) (Wu
et al., 2020)An anthraquinone substance, Emodin from the genus Rheum
and Polygonum found in rhubarb and knot weed can be classified as an
excellent antiviral with activity against SARS-CoV (Ho et al., 2007).
Many other herbal molecules are also being investigated for their ther-
apeutic potential against a range of viral infections.

Houttuynia cordata (HC) is also one such medicinal plant, consumed
as a functional food in parts of south-east Asia. It is a flowering and
perennial herb with a stoloniferous rhizome native to the mountainous
region of China, Japan, Korea, and Southeast Asia, occurring at an
altitude of up to 300-2600 m along the Himalayas. The Houttuynia
cordata Thunb., is commonly referred to as chameleon, chinese lizard,
fish wort/mint, heart leaf is native of the South East Asian region and
belongs to the Saururaceae family (Chen et al., 1993). In north-eastern
(NE) India, it has various indigenous names such as Ja-myrda in
Khasi; and Pnar-Jarmendo in Assam; Mumbre, Muchandariin in Aru-
nachal Pradesh; while in Nepal, it is called Gandhi Jhar (Rathi et al.,
2013).

There are two distinct types differing in flavor: the Chinese variety,
native to China, India and Vietnam, has a strong coriander-like aroma
and resembles Vietnamese coriander (Eryngium foetidum); the Japanese
variety has a lemony and ginger-like aroma and is distributed (Ravin-
dran et al., 2012) in an area from Nepal to the Korea region, extending to
Japan. (Tutupalli & Chaubal, 1975). The eastward region of China,
mainly towards Taiwan and the southwest region towards Tibet and
Yunnan, and the northern region towards Shaanxi and Gansu, is marked
as few available regions of the herb (Yang et al., 2015). HC is also
widespread in India’s North-eastern (NE) region, especially in the
Brahmaputra valley of Assam (Bhattacharyya & Sarma, 2010). In Japan,
HC leaves are prepared as a beverage and called “Dokudami cha,” which
translates into “Houttuynia cordata tea"(Chaturvedi et al., 2011).
Throughout Asia, food has long been considered as a medicine and
Chinese medicinal herbs have long been used to create dishes that are
believed to be an effective way of treating a wide range of illnesses and
ailments. In addition, a number of Chinese Buddhist temples serve dishe,
with ‘Houttuynia cordata called as ‘kanten jelly’. The ingredients of it
include dried ‘Kanten’ jelly salt, soybean sauce, and egg. The Viet-
namese use it as a leaf vegetable to garnish dishes. The fishy taste and
aroma of the herb have caused people to enjoy it as a mint or basil in
many parts of the world. In several southwestern provinces of China like
Guizhou, Sichuan, and Yunnah, the roots of this plant are consumed as a
root vegetable. The leaves of the plant are loved and relished in pakoras
and salads in places like Manipur. Japanese use leaves and entire plant
for making beverages, and deodorant. Korean people apply the entire
plant in food recipes such as kimchi, soy sauce, knife cut noodles, syrup,
and carbonated drinks. In Thailand, young leaves of it used as vegetable
(Leardkamolkarn et al., 2012). In northeast India, people make a paste of
these leaves and consume it in the form of a ‘Chutney’ and relish in
pakoras and salads. Throughout Asia food has long been considered as a

Food Bioscience 50 (2022) 101977

medicine and Chinese medicinal herbs have long been used to create
dishes that are believed to be an effective way of treating a wide range of
illnesses and ailments. Considering the ethnobotanical and functional
food value of HC, we intend to fill in the literature gap in the current
review by highlighting the scientifically validated ethnomedicinal uses
and focus the discussion on the various antiviral mechanisms by which it
destroys encapsulated viruses. The article also outlines the recent up-
dates on the pharmacological properties of HC in association with the
viral infections. We have discussed various technologies which aid in the
isolation/extraction of the anti-viral bioactive components of HC which
may aid in the establishment of HC as a nutraceutical for the prophylaxis
and management of COVID-19.

1.1. Ethnomedical uses of Houttuynia cordata

Houttuynia cordata traditionally has been utilized in many Asian
countries for its edible and medicinal purposes. In China, this plant has
also been recorded in oriental medicine (Traditional Chinese Medicine)
since ancient times for its therapeutic effects. In 1998, HC was included
in the list of medicines and food by the Ministry of Health, people’s
republic of china (P.R.C) (Zheng et al., 1998). The folk uses of the herb in
China are listed below.

The herb removes free radicals (toxins) from the body and thus is
beneficial against bacterial infection (caused by bacteria such as Tri-
chophyton, Staphylococci, Gonococci, Tubercle bacilli, etc.), allergies
and asthma. This herb can combat oxidative stress-associated diseases
such as cancer, coronary heart disease, diabetes (Kusirisin et al., 2009)
and infections (Chopra, 1956). The entire plant is utilized for its cooling,
resolvent, and emmenagogue properties along the Indo-China region.
Leaves were found helpful in treating measles, dysentery, and gonorrhea
(Rathi et al., 2013). Assamese people make a paste of these leaves and
consume it in the form of a chutney which helps to cure blood defi-
ciency, cholera, and dysentery and purifies the blood (Hynniewta &
Kumar, 2008). Fresh decoctions from the leaves and stems are prepared
during the growing season to manage conditions like fever, coughs,
dysentery, and enteritis. The leaf juice is also used as an antidotal
astringent. The North Cachar hills tribes of Assam control dysentery by
eating the leaves and stems of the plant (Medhi & Borthakur, 2012). The
leaves have been known to show anthelmintic properties and hence
consumed in North Bengal and Sikkim. The Manipuri people call the
plant “Maiba” and employ this herb to cure stomach ulcer, dysentery,
and muscular sprain (Devi Khumbongmayum et al., 2005) and also
tuberculosis, anemia, and gastritis (Yonzone et al., 2012). The root juice
is applied to the skin to treat wounds, snake bites, anal prolapsed, ab-
scesses, bone growth stimulation (Chopra, 1956), urinary & digestive
troubles, swelling, and detoxification (Rathi et al., 2013). It has been
proven effective for immune stimulation and as an anticancer agent
(Nuengchamnong et al., 2009a).

HC and its extract usage can elicit potent antioxidant and anti-
inflammatory activities and robust antiviral properties and therefore
used in managing encapsulated viruses like HIV, HSV, and Influenza
virus (Chiang et al., 2003). During the SARS outbreak in 2003, HC
gained acknowledgment for use in treating infected people in China. It is
a medical plant with a proven anti-inflammatory effect and has been
found to be useful in combating severe acute respiratory syndrome
(SARS) The major flavor-contributing components are myrcene and
2-undecanoate (Ravindran et al., 2012).

1.2. Phytochemical constituents of Houttuynia cordata

Houttuynia cordata is a medicinal herb used extensively in traditional
Chinese medicine for its diverse therapeutic activities. HC was reported
to contain many mineral nutrients essential to the human body and
other active components. Six critical amino acids and essential trace
elements such as zinc, iron, copper, and manganese are reported in HC
extract, which serves crucial biological functions The main active
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constituents of HC include Essential oils, flavonoids, alkaloids, water-
soluble polysaccharides (Yang & Jiang, 2009)Essential oils have
shown promise as antiviral agents against several pathogenic viruses.
The prominent essential oils include methyl n-nonyl ketone, decanoyl
acetaldehyde, and lauric aldehyde. The botanical polysaccharides act by
mechanisms which can modulate innate immunity and, more specif-
ically, enhanced an activated macrophage function. This leads to
immunomodulation, anti-tumor activity, anti-inflammatory, wound--
healing and other therapeutic effects (Schepetkin & Quinn, 2006; Zhang
et al., 2020) identified the components of water-soluble polysaccharides
composed of glucose, fructose, arabinose, galactose, xylose, rhamnose
and an unknown pentaglucose. Some of the reported polysaccharides
include HCA4S1, HCP-2, HP etc. Similarly, flavonoids class of poly-
phenols include quercetin, rutin, quercitrin, isoquercitrin, Hyperoside,
Houttuynoid A &B etc., (Li et al., 2017a). Similarly the phenolic acid
class of polyphenols include Linolenic acid, linoleic acid, oleic acid,
palmitic acid, stearic acid, neochlorogenic acid and chlorogenic acid
(Nuengchamnong et al., 2009b). Conventional methods for extracting
active compounds from HC are soxhlation, steam distillation, and
maceration (Liang et al., 2005). Steam distillation was reported to yield
a range of essential oils like decanoyl acetaldehyde, myrcene, lauric
aldehyde, a-pinene, p-limonene, methyl nonyl ketone (Diao et al., 2014).
The essential oils are responsible for the critical therapeutic activities of
HC extract. The application of volatile oil as anti-mutagenic, anti-bac-
terial, antiviral, and insecticidal has been reported in several indepen-
dent studies (Chiang et al., 2003; Hayashi et al., 1995). The principal
essential oil lauric aldehyde is correlated with the potent antiviral
properties of the herb.

Steam distillates of HC were reported to show efficacy against Herpes
simplex virus (HSV), Human immunodeficiency virus (HIV), and influ-
enza virus (Liang et al., 2005; Lu, Liang, et al., 2006). Post extraction,
the essential oils are dissolved in Tween 80 solution-based formulations
were used as injectables against inflammation. Some of the volatile oils
during the hydro distillation of HC are degraded by oxidation, poly-
merization or condensation reactions and were reported to cause
adverse drug reactions like hemolysis and allergic reactions (Godbole
et al., 2019). Flavonoids are another class of bioactive molecules present
in HC extract, including quercetin, quercitrin, isoquercitrin, afzelin,
hyperin, reutrin, and rutin. The leaves of the HC contain a higher per-
centage of flavonoids than the roots of the herb. Ultrasound assisted

Food Bioscience 50 (2022) 101977

extraction has also been used as an alternative method to extract
chengenolic compounds like flavonoids from HC (Prommajak et al.,
2014). The UAE reduces the time taken for extraction as well as in-
creases the yield of the biomolecules. Ultrasonic energy produces cavi-
tation bubbles in the solvent, which cause microjet impacts and
shockwave-induced damage to the plant cell wall, thereby releasing
cellular components into the solvent. UAE could also be operated at
moderate temperature which is beneficial in the case of thermolabile
herbal biomolecules. Organic acids in HC extract are oleic acid, linolenic
acid, linoleic acid, palmitic acid, and stearic acid. A blockade of HC
extract’s prostaglandin formation is noted owing to the fatty acids and
their cyclooxygenase inhibiting potential (Bauer et al., 1996). A com-
plete list of the major bioactive components of HC is listed in Fig. 1.

2. Pharmacological properties of Houttuynia cordata in
relevance to infectious viruses

2.1. Antiviral properties

HC has been known to show promising antiviral activities against
many catastrophic “enveloped viruses’’ like human immunodeficiency
virus-1 (HIV-1), herpes simplex virus-1(HSV-1), influenza virus and
Corona virus. HC was proposed to treat life-threatening pneumonia
caused by SARS-CoV. HC’s primary bioactive antiviral components
include volatile oils, polysaccharides and polyphenolic compounds like
flavonoids and phenolic acids. Scientific evidence has suggested various
antiviral mechanisms attributed to its chemical constituents. For
instance, essential oils in HC extract impede the viral envelope’s normal
function, destroying the virus (Hayashi et al., 1995).

HC water extract containing the polysaccharides possesses immu-
nomodulatory activities, which induce the proliferation of lymphocytes
in experimental animals. Simultaneously an increase in Interleukins (IL-
2 & IL-10) was observed with the administration of HC in murine
models. Many novel targets have been recognized which is crucial for
RNA synthesis and replication, such as papain-like protease (PLPRO or
nsp3), 3-Chymotrypsin-like protease (3CLPRO or nsp5), RNA-dependent
RNA polymerase (RdRp or Nsp12), and helicase protein (nsp13) are the
primary targets for developing RNA synthesis and replication inhibitors.

Houttuynoid A, a flavonoid isolated from HC, was examined for its
potent anti-HSV-1 activity in an in vitro study. The compound also

Bioactive constituents of Houttuynia cordata

Alkaloids Polysaccharides Polyphenols

*Quercetin *Methyl n-nonyl *Norcepharadione *Pectic = Syringic acid
*Quercitrin ketone *Perlolyrine polysaccharide- « Vanillic acid
*[soquercitrin *B-Myrcene «Splendidine HCA4S1 » Hydroxybenzoic
* Afzelin *Bornyl acctate * Aristolactam-B *Pectic acid

*Hyperoside *Laurylaldehyde * Aristolactam-A polysaccharide- «Ferulic acids
*Hyperin *Capraldehyde »Piperolactam-A HeE2 » Chlorogenic acid
*Houttuynoid-A +Ethyl caprate *Cepharadione-B SCHCE +Linoleic acid

* Hottuynoid-B *Ethyl *Houttuynoside A *Linolenic acid
*Quercitin 3 dodeconoate «Houttuynoside B

rhamnoside

Fig. 1. Major bioactive components of Houttuynia cordata.
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proved effective against HSV-2 and varicella-zoster virus (VZV) (Li et al.,
2017a). Hot water extract of HC is correlated with antiviral activity
against HSV-1 through inhibition of NF-kB signaling. Flavonoids quer-
citrin and isoquercitrin are accountable for inhibiting HSV-1 mediated
infection (Chen et al., 2020). Ethanol extract of HC corresponds to the
antiviral properties against murine coronavirus and dengue virus in
vitro (Chiow et al., 2016). The herbal extract is effective against human
noroviruses, the most common pathogen accountable for food-borne
viral gastroenteritis (Cheng et al., 2019). HC herb has a wide range of
medical applications. Recent pharmacological studies indicated that the
plant owed its anti-inflammatory (Chiang et al., 2003), anti-bacterial,
and antiviral activities to the essential oil components present in it
(Hayashi et al., 1995),(Lu, Liang, et al., 2006). Besides antineoplastic,
antioxidant, anti-mutagenic activites, free radical scavenging property
of the plant was also recognized to be contributed by the flavonoid
components (Chen et al., 2003; Choi et al., 2002; Hoang et al., 2003).
Other than the benefits mentioned above, it also has an anti-leukemic
effect (Kwon et al., 2003) and an antianaphylaxis effect (Li et al.,
2005) along with the ability to promote immunological functions. Its
virucidal effects and anti-leukemic activity on the human immunodefi-
ciency virus (HIV) were recorded (Hayashi et al., 1995).Literature data
analysis revealed HC’s various mechanisms (Fig. 2) against some of the
major encapsulated viruses.

2.1.1. Human immunodeficiency virus (HIV)

HIV is a sexually transmitted pathogen that causes acquired immu-
nodeficiency syndrome in humans, belonging to the genus Lentivirus
and family Retroviridae (Simon et al., 2006). It can be classified into
Type 1 and 2 (HIV-1, HIV-2) based on genetic characteristics and viral
antigens’ differences. Many plant products, including HC, is effective
against HIV infection (Singh et al., 2005). In vivo findings indicted the
essential oils (decanoyl acetaldehyde, myrcene, lauric aldehyde,
a-pinene, p-limonene, methyl n-nonyl ketone) present in HC against
HIV-1. Three components of the steam distillate from the plant, methyl
n-nonyl ketone, lauryl and capryl aldehyde, showed dose-dependent
virucidal activity against HIV-1. Although in vitro cytotoxicity was not
observed in experimental subjects, these volatile oils interfere with the
virus envelope function. Pretreating with a 2-fold dilution of the distil-
late for 2 h and 6 h showed approximately 20% and 40% inactivation of
HIV-1, respectively. Lauryl aldehyde was established to be the most
potent molecule. HC steam distillate was effective against other encap-
sulated viruses such as herpes simplex virus type 1 (HSV-1) and influ-
enza virus, but inactive against non-encapsulated viruses such as
poliovirus and coxsackie (Hayashi et al., 1995). An accessory gene
product of HIV-1 called Viral-associated protein (Vpr) was discovered to
induce abnormality in the host cell cycle leading to an increase in HIV
replication. Quercetin, a flavonoid found in HC extract, was reported to
inhibit Vpr functioning, and this novel strategy was introduced to
combat HIV-1 infection (Shimura et al., 1999).

2.1.2. Influenza virus

It is an RNA virus that can be simply classified into three types: A, B,
and C, based on their levels of protein consumption. Influenza A is the
most virulent human pathogen, but the Influenza B virus isn’t typically
found in humans, while Influenza C viruses are known to cause mild
illness in humans (Neumann et al., 2009). Based on the type surface
proteins available, hemagglutinin (H) and neuraminidase (N), the
influenza A virus is again divided into HIN1 virus, H3N2 virus, H7N7
virus, HIN2 virus, HON2 virus, and H7N2 virus. Usually, the influenza
virus is responsible for seasonal flu infections and can shape into epi-
demics and pandemics. The HIN1 strain of influenza A virus was
identified in April 2009, and it caused a pandemic flu, generally referred
to as Swine flu.

HC extracts were found to exert its cytopathogenic effect by inhib-
iting the replication of influenza virus A, B, and mumps viruses, at the
lowest antiviral concentration of 4.5, 2.25, and 14 mg/mL, respectively.
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Antiviral assays demonstrated that quercetin 3-rhamnoside (Q3R) from
HC possessed strong inhibitory effects on the influenza A/WS/33 virus.
At the concentration of 100 pg/ml, it displayed 86% of antiviral activity,
while at a concentration of 10 pg/ml, it showed 66% of action against
the same virus. It was established to reduce the formation of an apparent
cytopathic effect and inhibit viral replication by direct interaction with
virus particles during the initial stage of infection (Choi et al., 2002).
Polysaccharides extracted from H. cordata (HCP) relieved pneumonia in
rats by inhibiting inflammation caused by overactivation of complement
system (Lu et al., 2018). Although HCP had no antiviral activity in vitro,
oral administration of HCP improved the gut and lung injuries induced
by influenza virus via affecting the gut-lung axis (Shi et al., 2020). The
efficacy and the mechanisms of these two components were overlapping
in anti-inflammation. Different antiviral mechanisms of HC against
enveloped viruses are schematically represented in Fig. 2.

2.1.3. Swine-flu virus

Recent findings also provided evidence of the utilization of H. cor-
data for Swine flu treatment. Polysaccharides of HC were reported to
alleviate HIN1 virus-induced acute lung injury and intestinal dysfunc-
tion in a mouse model (Cheng et al., 2019; Choi et al., 2002). Ethanolic
extract of HC was found to contain flavonoids in the majority. In
contrast, flavonoid glycosides made up 78.5% of the content. The
flavonoid glycosides were identified as rutin, hyperin, isoquercitrin, and
quercitrin with the aid of high-pressure liquid chromatography. BALB/c
mice and RAW 264.7 cell models were infected with HIN1 and treated
with flavonoids from HC at a dose of 50, 100, or 200 mg/kg. HC’s
antiviral and anti-inflammatory effects helped alleviate HIN1-induced
acute lung injury in mice (Ling et al., 2020). Innate immune responses
are initiated by pattern recognition receptors like Toll-Like Receptor 7
(TLR7), which senses viral RNA of the influenza virus (Iwasaki & Pillai,
2014). The flavonoids also inhibit TLR and viral neuraminidase activity
(Ling et al., 2020).

2.1.4. Herpes simplex virus type 1(HSV-1)

The Alpha herpes viridae subfamily comprises linear dsDNA with a
spikey envelope (Rechenchoski et al., 2018). Steam distillates from fresh
plants of HC containing lauryl aldehyde, capryl aldehyde, and methyl
n-nonyl ketone, were assayed for anti-HSV activity. The former two
compounds exhibited moderate cytotoxicity, while the latter did not
affect them. An in-vitro cytotoxicity assay was performed to evaluate the
antiviral activity. Basal cell carcinoma (BCC-1/KMC) cell lines were
infected with the virus and cultured with an HC hot water extract. At a
concentration of 250 pg/mL the hot water extract of the herb was found
to significantly inhibit the replication of HSV type 1 (HSV-1) by 0.2% (p
< 0.05) and of HSV type 2 (HSV-2) by 32.9% (p < 0.005). HC was
suggested to be more useful against HSV-2 since it has lower ED50
against HSV-2 and more effective against HSV-2 when compared with
HSV-1 (Chiang et al., 2003). Another in vitro study revealed that nor-
cepharadione B (a 4-5 dioxoaporphin) isolated from the n-hexane
fraction of HC, at a concentration of 100 pM, was found to suppress
replication of HSV-1 by 46.38% (Chou & Fasman, 2009). Flavonoids
quercitrin or isoquercitrin present in hot water extracts of HC was found
to inhibit HSV-2 infection by inhibiting NF-kB activation at a concen-
tration of 10 pM (Chen et al., 2011).

2.1.5. Corona viruses

The corona virus family is widely distributed in nature and may
infect humans or vertebrates. Among them acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is causing the current world pandemic
(Adhikari et al., 2021). Oral administration of HC water extract
exhibited inhibition of SARS-CoV 3C-like protease (3CLPRO) and
RNA-dependent RNA polymerase (RdRp) in an in-vivo study. HC extract
mechanism on SARS may be biphasic mode. Initially, the HC extract may
activate the cell-mediated immunity to prevent viral infection. HC
extract may inhibit the viral replication process by interfering with the
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Bioactive molecules of Houttuynia cordata
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pivotal enzymes and trigger negative feedback control in immune sys-
tem (Lau et al., 2008). Main protease (Mpro), ADP ribose phosphatase
(ADRP) and papain-like protease (PLpro) and are the three main repli-
cation proteins of SARS-CoV-2. The docking studies with the compounds
from HC indicated a strong binding affinity the results showed the po-
tential therapeutic activity (Das et al., 2022). However, the data ob-
tained was from the docking data, which needs to be confirmed with the
experimental evidence.

2.1.6. Miscellaneous viruses

Pseudorabies virus (suid herpesvirus 1) belongs to the subfamily
Alpha herpes virinae, family Herpesviridae and causes encephalitis
mostly in pigs. Vero cells (a monkey kidney cell line) and swine testis
cells model infected with pseudorabies herpesvirus were used to study
the in vitro effect of H.cordata injection. The HC injection displayed an
antiviral effect against the virus at an optimal dosage while it alone
initiated cell apoptosis (Ren et al., 2011). Among other traditional herbs,
HC was also reported to have antiviral activity against epidemic hem-
orrhagic fever virus (EHFV) infection (MO et al., 1993). The antiviral
screening was conducted for extracts from various traditional herbs
against three genotypes of EV71. HC extract was reported to have
Anti-Enterovirus-71 activity, especially against genotype A, by inhibit-
ing the virus-induced cytopathic effects in infected Vero cells. The herb
extract was said to have IC50 of 125.92 + 27.84 pg/mL against EV71. A
plaque reduction assay concluded that the herb extract significantly
inhibited plaque formation. The extract was suggested to influence
EV71-infected Vero cells’ apoptotic processes, inhibiting viral protein
expression, viral RNA synthesis, and virus-induced caspase-3 activa-
tions. Pretreatment was more effective than treating the cells after the
infection (Lin et al., 2009). Porcine epidemic diarrhea virus (PEDV)
causes severe entero-pathogenic diarrhea in swine. A flavonoid, quer-
cetin 7-rhamnoside (Q7R), present in HC, was effective against this
virus. Q7R was reported to have 50% inhibitory concentration (IC50) of
0.014 pg/mL, 50% cytotoxicity concentration (CC50) of 100 pg/mL and
therapeutic index of 7142. Structural analogs of Q7R, such as quercetin,
apigenin, luteolin, and catechin, were also reported to have moderate
anti-PEDV activity. Q7R was also found to be effective against trans-
missible gastroenteritis virus (TGEV) and porcine respiratory coronavi-
rus (PRCV). Q7R was also found effective against the rotavirus and
rhinovirus (Mendelson et al., 2020). Thus, Q7R could be a potential lead
compound for anti-PEDV drug development (Choi et al., 2002) (Song
et al., 2011).

One of the studies claimed that HC aqueous extract (polysaccharides)
exhibits antiviral activity against dengue virus serotype 2 (DEN-2),
strain 16681. HC (10-100 mg/mL) displayed a significant reduction in
intracellular production of DEN-2 RNA, thus decreasing the dengue
protein expression in HepG2 cells after both the pre and post-incubation
process. The effective dose (EC50) was revealed to be 0.8 mg/mL in the
direct blocking mode. H. cordata extract at a low concentration of
10-40 mg/mL exhibited a protective effect against infected monkey
kidney cell line (LLC-MK2) cells (Leardkamolkarn et al., 2012). The
components of HC extract with potent antiviral properties found in the
literature are listed in Table 1.

3. Pharmacological role of Houttuynia cordata in mitigating viral
pneumonia intervening conditions

3.1. Anti-inflammatory role during viral infection

HC extract has evident anti-inflammatory and antioxidant activities
along the antiviral activities. The additional effects of the nutraceutical
help mitigate the complications that arise from respiratory syndromes
and adverse reactions of synthetic drugs used in the therapy of COVID-
19. Interestingly, respiratory viral syndromes may lead to increased
expression of pro-inflammatory biomarkers and mitochondrial
dysfunction. During a viral infection, the triggered host defense response
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mainly involves increased reactive oxygen species (ROS) due to dysre-
gulation of mitochondrial biogenesis and mitophagy (Jaitovich &
Jourd’heuil, 2017) (Akaike et al., 1998). The virus is encountered by the
immune cells via pathogen-associated molecular patterns (PAMPs).
Also, overexpression of type I interferon (IFN) is correlated with sup-
pression of viral replication in the early stages. Therefore, delayed/re-
duced antiviral IFN response instigates uncontrolled viral replication.
The viral over-replication triggers an influx of the neutrophils and
monocytes/macrophages. Hyper-inflammatory conditions are created
by excess production of pro-inflammatory chemokines/cytokines such
as IP-10, MCP-1, MIP-1A, and TNFa. Th1/Th17 gets activated, and B
cells/plasma cells produce COVID-19-specific antibodies, further exac-
erbating the inflammatory responses. The entire immune response re-
sults in “cytokine storms” in the infected people (Prompetchara et al.,
2020). Pro-inflammatory cytokine IL-2 is upregulated and leads to the
induction of NO production (Hibbs et al., 1992; Li et al., 2020; Sam-
lowski et al., 2011). At the same time, pro-inflammatory cytokines IL-6
and TNFa provoke superoxide production in neutrophils (Kharazmi
et al., 1989).

The anti-inflammatory effect of HC injection (HCI) was evaluated
using the carrageenan-induced rat pleurisy model and xylene-induced
mice ear edema model. Carrageenan induced an acute inflammatory
activity that caused leukocyte infiltration and protein-rich fluid accu-
mulation in the rat’s pleural cavity. HCI attenuated the inflammatory
responses at a dose of 0.54 ml/100 g or more. However, its anti-
inflammatory effect is less robust than compared to dexamethasone. In
the xylene-induced mice ear edema model HCI was found useful too,
having an inhibition percentage of 50% (Lu, Liang, et al., 2006). A
similar experiment was conducted for oral administration of HC super-
critical extracts on the carrageenan-air pouce model. At a 200 mg/kg
dose, the extract showed recommendable suppressing the exudation and
albumin leakage. It was also found to be more efficient in reducing both
TNF-a/NO and cyclooxygenase 2/PGE2 pathways when compared with
standard drugs such as dexamethasone (2 mg/kg, i.p.) and indomethacin
(2 mg/kg, i.p.) (Shin et al., 2010; Wan et al., 2016). The flavonoid,
afzelin, isolated from a methanolic fraction of HC exerted a profound
reduction in expression of AMPK and production of pro-inflammatory
cytokines (TNF-a and IL-6) in p-galactosamine/LPS induced mice
model when given in intra-peritoneally (200 mg/kg) dose (Lee et al.,
2017). A detailed list of the anti-inflammatory reports of H. cordata is
presented in Table 2.

3.2. Hepatoprotective properties

Angiotensin-converting enzyme 2 (ACE2) has been established as the
component for surface attachment for the COVID-19, through which viral
internalization takes place (Gurwitz, 2020). Although no studies showed
concluding data to prove ACE2 in the liver, few recent studies have indi-
cated its presence in cholangiocytes in the bile duct (Darnindro et al., 2020;
Hamming et al., 2004). Previously in SARS coronavirus abnormal liver
function was reported in some patients (Cui et al., 2004). The retrospective
analysis suggested significant relation between other respiratory viral in-
fections and abnormal liver function in infected hosts (Adams & Hubscher,
2006). Acute phase laboratory investigations also revealed elevated levels
of lactate dehydrogenase, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT), which lead to disruption of normal liver function
in COVID-19 patients (Zhou et al., 2020). Increased AST levels in
COVID-19 cases are more frequent than in patients with mild symptoms of
liver injury (Chen et al., 2020; Guan et al., 2020; Liu, Cao, et al., 2020;
Zhang et al., 2020). Diabetic patients suffer from various metabolic syn-
dromes and are at risk of developing non-alcoholic fatty liver disease
(NAFLD). Consequently, NAFLD has been reported to sensitize the liver
toward hepatotoxicants like antipyretics and analgesics used in symp-
tomatic relief of COVID-19 patients (Michaut et al., 2014). The available
drugs in COVID-19 management produce harmful side effects, which
include fatal heart conditions and hepatotoxicity. Drug-induced liver
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Table 1
Antiviral phytochemicals reported from Houttuynia cordata.
S. No Phytochemical compound/s Mechanism of action Target encapsulated viruses Reference
01. Methyl n-nonyl ketone Blocking of viral binding and penetration HIV, HSV Hayashi et al. (1995)
(o}
02. Lauryl aldehyde Blocking of viral binding and penetration HIV, HSV Hayashi et al. (1995)
o/
03. Capryl aldehyde Blocking of viral binding and penetration HIV, HSV Hayashi et al. (1995)
0%
04. Quercetin Inhibit the expression of TLR and viral neuraminidase activity Influenza, PEDV Ling et al. (2020)
OH
o SO
OH
OH O
05. Rutin Inhibit the expression of TLR and viral neuraminidase activity Influenza Ling et al. (2020)
06. Inhibit the expression of TLR and viral neuraminidase activity Influenza Ling et al. (2020)
OH
OH OH
07. Quercitrin Inhibit the expression of TLR and viral neuraminidase activity Influenza Ling et al. (2020)
HO.
OH O A OH
W' ’OH
OH
08. Isoquercitrin Inhibit the expression of TLR and viral neuraminidase activity Influenza Ling et al. (2020)
HO.
10. Inhibitory activity against viral proliferation Porcine epidemic diarrhea virus (PEDV) Kwon et al. (2011)
11. Inhibitory activity against viral proliferation PEDV Kwon et al. (2011)
12. Inhibitory activity against viral proliferation PEDV Kwon et al. (2011)
OH
OH
13. Norcepharadione B Antityrosinase and antioxidant activity HSV (Chen et al., 2011)
-
o)

(continued on next page)
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Table 1 (continued)
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S. No Phytochemical compound/s Mechanism of action

Target encapsulated viruses Reference

14. Quercetin 3-rhamnoside (Q3R)
OH

®

Inhibit viral replication

Influenza Choi et al. (2009)

15. Blocking of viral membrane fusion HSV, Varicella zoster virus Li et al. (2017a)
Table 2 Phenolic cc')mposition .Of HC et'hyl acet'flte extract \.Nas employed to chec.k
Anti-inflammatory reports available on the H. Cordata, its protective effects in the liver against CCl4 -induced acute hepatic

damage. This ethyl acetate extract showed practical antioxidant effects.

S.  Plant material Disease model Outcome of the  Reference This ethyl acetate fraction at three doses (250, 500, and 1000 mg/kg.

No.  used study bw) in vitro exhibited predominant ferric-reducing antioxidant power

1 HC injection Carageenan leukocyte Lu, Liang, (FRAP) and scavenging activity against the DPPH radical. The serum

(essential oil) indgcled pleu i“ﬁhr.ati(f“ha“d etal biochemical parameters were reduced if pretreated with EAF (1000 mg/
mode g;c;;em-rlc (20002 kg.bw) before CCl4 administration. This ethyl acetate fraction under
accumulation HPLC analysis revealed the predominant presence of the polyphenolic

2 HCI injection xylene induced Decreased Lu, Liang, compounds that are quercitrin (quercetin 3-O-L-rhamnoside, 111.7 pg/

mice ear edema leukocyte et al. mg), quercetin (flavonol, 43.8 ug/mg), and hyperoside (quercetin-3-O-

3 HC supercritical Icn;i;leenan air Decrease ;i?:?t al galactoside, 29.1 pg/mg). On correlating these studies with liver histo-

extracts (essential  pouce model exudation and (2010) pathology, the ethyl acetate extract was established to have hep-
oil methyl nonyl albumin leakage atoprotective action due to the predominant antioxidant activity of
ketone, phenolic components (Tian et al., 2012). A similar study was further
p-myrcene, conducted that established that at a concentration of 15.5 and 410
E:gli?l:ll:, pg/ml the extract scavenges 50% of alkyl and hydroxyl radicals,
a-terpineol and n- respectively (Kang & Koppula, 2014). Although further research is
decanoic acid) required to prove the hepatoprotective function of HC extract in

4 Aqueous extract  Acetaminophen Increase in TNF,  Chen et al. COVID-19 therapy, the nutraceutical can be used concurrently with

of HC igft'ce?nlg’;:)_c 1L-6, IL-10 (2014) other antiviral drugs to suppress hepatotoxicity in the infected hosts. A
mjicery detailed list of reports on H. cordata for its potential hepatoprotective

5 Ethanolic extract Oxaliplatin Decreased level Abassi role is presented in the Table 4.

of HC induced of IL-6, MIP-1a et al.
:::;mpathic SD (2020) 3.3. Antibacterial properties

6 Afzelin p-Galactosomine Decreased level Li et al.

(Methanolic LPS induced mice of AMPK and (20172) Since most of the viral infectious pneumonia are accompanied with
extract) model (i.p.) cytokines (TNF, the bacterial infections, the ideal anti-viral molecules are expected to
IL-6, IL-10)

impairment (1-3 week dosing) has been reported using azithromycin.
(Martinez et al., 2015; Zhang et al., 2020). Azithromycin is being employed
along with hydroxychloroquine as a potential therapy against COVID-19.
Thus, along with antiviral agents hepato-protective drugs are needed to
lessen the collateral defects by the available drugs in COVID-19. Interest-
ingly, the HC extracts or its components has been identified to protect liver
function. Isolated phenylethanoid glycosides from HC (Plantainoside D,
Plantamajoside, Scroside E, Forsythiaside F, Acteoside) at a concentration
of 10M were found to exhibit moderate hepatoprotective action counter-
acting the p-galactosamine-induced WB-F344 cell damage. Bioactive al-
kaloids  isolated  from  the  plant  (3-hydroxy-1,2-dimetho
xy-5-methyl-5H-dibenzoindol-4-one, 1,2,3,4,5-pentamethoxy-dibenzo-qui-
nolin-7-one, 3-methoxy-6-methyl-6H-benzodioxole benzoquinoline-4,
5-dione, piperolactam C, liriodenine, cepharadione A also displayed
moderate hepatoprotective action towards p-galactosamine-induced
WB-F344 cells damage (Ma et al., 2017).

In a study, CCl4-induced oxidative stress in mice liver shows elevated
serum levels of AST, ALT, alkaline phosphatase, total bilirubin, and
hepatic MDA in mice along with increases in GSH, SOD, and CAT. The

possess potential anti-bacterial properties also. Therefore, the anti-
bacterial reports were also reviewed. HC was found to posess potent
anti-microbial abilities paving its applications in the health-care and
food packaging industries. HC is commonly used in the treatment of
cough, leucorrhea and urethritis. The hydro distillation based essential
oils are also marketed as Yuxingcao. The anti-microbial effect of the HC
essential oils potential anti-bacterial effect. The broth and agar dilution
methods were used against the Staphylococcus aureus and Sarcina ureae.
The results indicated that the essential oil components clearly their
antibacterial activities (Lu, Wu, et al., 2006). The essential oils of HC
were effective against Salmonella enteritidis and Salmonella Paratyphi
(Xu et al., 2022). Another study indicated that the Essential oil com-
ponents obtained by hydro distillation method exhibited a robust
anti-microbial effect against both the Gram-negative and Gram-positive
bacteria like Escherichia coli, Staphylococcus aureus, Pseudomonas aeru-
ginosa, Enterococcus faecalis, Streptococcus pyogenes, Klebsiella pneumo-
niae, Seratia marcescense and Bacillus subtilis. This indicate the
prospective role of the HC in the natural medicine or natural food
preservation (Rebickova et al., 2020). The ethanolic extract of HC was
reported to posess certain antibacterial, antibiofilm properties against
S. aureus. Overall the study results indicated that the HC may be clini-
cally applied in preventing oral/nasal infectious diseases (Sekita et al.,
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2016). The antibacterial property of the HC was also validated in the
food packaging. Essential oils of HC obtained by the multi-solvent
consecutive extraction technique and ethanol extraction with a
pre-heating method were tested against the Bacillus subtilis. the extract
obtained by the single ethanol extraction with a pre-heating method was
more satisfactory from the operational and economic aspects for the
inhibitory activity on the growth and breeding of Bacillus subtilis,
indicating its use as eco-friendly antibacterial agent for food packaging
(Kong et al., 2022).

3.4. Antioxidant properties

Numerous studies have reported robust antioxidant activities of HC,
both in-vitro and in-vivo. Traditionally HC is used in various diseases like
acute respiratory syndrome, inflammation, muscular strain, gastric ul-
cers, etc. Thorough investigations revealed the role of oxidative stress
and related damage in the pathogenesis of the disease conditions. Con-
stituents of HC target various cell signaling pathways and may result in
suppressive or reversal oxidative stress-mediated damage. Free radicals
are the primary source of oxidative stress in the cell, and mitochondria
predominantly account for the imbalance between free radicals and
natural antioxidants. Essentially mitochondrial dynamics regulate
oxidative stress by maintaining an equilibrium between mitophagy and
mitochondrial biogenesis. Afzelin, isolated from H. cordata herb, con-
trols mitochondrial dysfunction through Rev-Erb-a/phospho-AMPK/
SIRT1 signaling. Afzelin also regulates the expression of mitophagy
associated with PINK1 and perkin proteins (Shingnaisui et al., 2018).
This active biomolecule is useful in LPS induced hepatic injury owing to
its inhibitory action on mitochondrial dysfunction (Lee et al., 2013). An
in vitro study with methanolic extract of HC suggested an inhibitory
activity against palmitate-induced oxidative damage in human aortic
endothelial cells by regulating nitric oxide (NO) (Yang et al., 2015).
Water extract of HC positively affected bleomycin-induced pulmonary
fibrosis in rodents.

Potent inhibition of lipid peroxidation (ICs¢p = 1.02 mg/ml), slightly
weaker than vitamin E and free radical scavenging properties, were also
noted in rats (Ng et al., 2007). Isolated compounds like active poly-
phenols, quercetin also purport antioxidant properties and possess
protective roles against H202-induced oxidative damage to DNA in
human lymphocytes when employed in low concentration (Lin et al.,
2013). Quercetin, quercitrin, and hyperoside in ethyl acetate extract of
HC (1000 mg/kg) exhibited a reduction in GSH level. The decline in SOD
and CAT activity in CCl4 induced oxidative stress in mouse liver (Quan
et al., 2018). Another in vivo study showed that HC extract (200 and
400 mg/kg) blocks the streptozotocin-induced oxidative stress and
maintains continuous mitochondrial function in the pancreatic f-cells
(Kumar, Prasad, & Hemalatha, 2014). In a study, Kang et al. examined
HC’s antioxidant properties and protective effect on rats’
gentamicin-induced oxidative stress. Treatment of rats with methanolic
extract of HC exhibited an increased level of GSH, SOD, and catalase
activity in gentamicin-induced nephrotoxicity (Kang et al., 2013).

In LPS induced mouse macrophages -like cell line, RAW 264.7 cells,
aqueous extract from HC hindered NO production in a dose-dependent
manner while TNF- a production was hindered (minimally up to 30%)
at 0.06 and 0.12 mg/ml (Park et al., 2005). Ethanolic extract of HC
impeded the expression of inflammatory biomarkers, such as IL-6 and
NO in LPS-treated alveolar macrophages (MH-S) and lung epithelial cells
(A549) (Lee et al., 2015). Mast cells are multifunctional immune cells,
and histamine is its main secretory product. Histamine provokes the
activation of pro-inflammatory cytokines, such as IL-6 and IL-8 (Krys-
tel-Whittemore et al., 2016). Apart from this, the mast cells are involved
in the IgE-mediated allergic reactions through the Fc epsilon RI receptor.
HC water extract reduced IgE binding activity and m RNA expression of
the a- and y-chains of FceRI receptor in human KU812F cells. The extract
also reduced Fc epsilon RI mediated histamine release (Shim et al.,
2009). The extract showed a significant anti-inflammatory role by
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suppressing DNPBSA-induced release of beta-hexosaminidase, hista-
mine, ROS, TNF- a and IL-6 in IgE-mediated allergic response in rat mast
RBL-2H3 cells. It also hindered the DNP-BSA-induced phosphorylation
of various kinases such as Syk, Lyn, LAT, Gab2, PLC y2, Akt, and MAP
(Han et al., 2009).

Volatile oils from HC were found to suppress LPS stimulated pro-
duction of NO and TNF- a in the mouse resident peritoneal macrophages
in a concentration-dependent manner. Along with the iNOS activity
inhibition (IC50 = 562.3 mg/mL), the oil treatment was also influential
in regulating the translational and transcriptional levels of iNOS and
TNF-a in the LPS primed macrophages (Li et al., 2013). The HC poly-
saccharides displayed preventive action against complement activation
and macrophage migration thus hindering NO and pro-inflammatory
cytokines (TNF-a, IL6, and IL-1f) production (Xu et al., 2015). Anti-
viral therapy is helpful in the early stage of COVID-19 since the virus in
the first week is far less than in the second week (Lescure et al., 2020). In
the second and third stage, the period of hospitalization, there is a
commencement of respiratory difficulties and multiple organ failures.
During these conditions, cytokine storms and the free radical storm
should become the primary target. Yet, there is no acknowledgment of
the role of free radical damage in COVID-19 in the current official
guidelines (Wu et al., 2020). Based on the above studies on HC extract
and isolated components from the herb, HC can be proposed as an
excellent therapeutic alternative against the cytokine storm caused by
COVID-19. A detailed list of reports on H. cordata for its antioxidant role
is presented in the Table 3.

4. The contemporary global market of nutraceuticals

Nutraceuticals are products that provide essential nutrients to the
body and prevent diseases. These are employed to avoid the disease as
well as complementary medicine in various chronic diseases. Recent
years have seen significant progress toward the usage of nutraceuticals
due to their safety and natural healing mechanism (Braithwaite et al.,
2014). A report by transparency market research in September 2015 also
indicated the growth phase based on their study. The global nutraceu-
tical market is expected to reach US$278.96 billion by the end of 2021 at
a CAGR rate of 7.3% (Market-Global, 2015).

Table 3
Hepatoprotective reports available on the H. Cordata.

S. Plant material/ Disease Model Outcome Reference

No.  compound used

Ma et al.
(2017)

1 Bioactive alkaloids  p-
(3-hydroxy-1,2- galactosamine-
dimethoxy-5- induced WB-
methyl-5H- F344 cells
dibenzoindol-4- damage
one, 1,2,3,4,5-pen-
tamethoxy-
dibenzo-quinolin-
7-one, 3-methoxy-
6-methyl-6H-
benzodioxole
benzoquinoline-
4,5-dione,
piperolactam C,
liriodenine,
cepharadione A

2 HC ethyl acetate
extract (quercitrin,
rhamnoside,
quercetin,
hyperoside and
galactoside)

3 Afzelin
(Methanolic
extract)

Hepatoprotective
action (inhibits cell
damage)

CCl4 -induced
acute hepatic

Tian et al.
(2012)

Increased
antioxidants
activity

Lee et al.
(2017)

p-Galactosomine  Decreased level of
LPS induced AMPK and
mice model (i. cytokines (TNFa,

p) IL-6, IL-10)
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Table 4
Antioxidant Properties reports available on the H. Cordata.
S. Plant material/compound used Disease Model Outcome Reference
No.
1 Afzelin LPS induced hepatic injury Inhibits mitochondrial dysfunction Lee et al. (2017)
2 Methanolic extract (Chlorogenic acid, rutin, and Palmitate-induced oxidative Increased NO production Yang et al. (2015)
quercitrin) damage in human aortic
endothelial cells
3 Water extract of HC (whole extract) bleomycin-induced Reduced IgE binding activity and Down- Shim et al. (2009)
pulmonary fibrosis in regulation of expression FceRI
rodents
4 Quercetin H202-induced oxidative Increased antioxidative property Lin et al. (2013)
damage
5 Quercetin streptozotocin-induced Maintains mitochondrial function Kumar, Prasad,
oxidative stress Krishnamurthy, and
Hemalatha (2014)
6 p-myrcene and 2- undecanone Gentamicin induced Increased level of GSH, SOD, and catalase activity =~ (Kang et al., 2013)
oxidative stress
7 HC extract In LPS induced mouse Hindered production of NO, TNFa and IL-6 Park et al. (2005)
macrophages
8 Water extract of HC (whole plant extract) Bleomycin-induced Increased free radical scavenging property Ng et al. (2007)
pulmonary fibrosis in
rodents
9 Methanolic extract (Bioactive components as chlorogenic ~ Palmitate induced oxidative Regulates production of Nitric Oxide (NO) Yang et al. (2015)
acid, rutin, and quercitrin) damage
10 Quercetin H202-induced oxidative Increase antioxidant and decrease ROS Lin et al. (2013)
damage generation
11 Afzelin LPS induced hepatic toxicity ~ Inhibits mitochondrial dysfunction Lee et al. (2017)
12 Quercetin, quercitrin, and hyperoside in ethyl acetate Chloroform induced elevation in serum levels of AST, ALT, alkaline Tian et al. (2012)

extract

oxidative stress in mice

13 Bioactive alkaloids (3-hydroxy-1,2-dimethoxy-5-methyl-
5H-dibenzoindol-4-one, 1,2,3,4,5-pentamethoxy-
dibenzo-quinolin-7-one, 3-methoxy-6-methyl-6H-
benzodioxole benzoquinoline-4,5-dione, piperolactam C,
liriodenine, cepharadione A

p-galactosamine-induced
WB-F344 cells damage

phosphatase, total bilirubin, and hepatic MDA in
mice along with increases in GSH, SOD, and CAT

Hepatoprotective action Ma et al. (2017)

Curcuma longa and Solanum Nigrum being hepato-protective, have
been exploited as nutraceutical sources (Sikander et al., 2020). Syner-
gistic responses of combined nutraceuticals are also being studied, such
as curcumin combined with quercetin and nobiletin metabolite, which
shows enhanced anticancer effects (DiMarco-Crook et al., 2020; Sharma
et al., 2019). Fulvic acid found in humus has been marketed as an
anti-inflammatory beverage effective against influenza and HIV (Gana-
pathy, 2009; Zhernov et al., 2021). Nutraceuticals such as Chyawan-
prash containing amla, ashwagandha, and pippali, being favored for
their immunity enhancement activity in the Indian market, were under
increased demand during the recent pandemic (Sharma et al., 2019)
Calcitriol, D-3 is a widely prescribed calcium supplement for women
(Rangarajan et al., 2018). Establishing the Food Safety and Standard Act
in 2006 and Food Safety and Standards Authority (FSSA) has boosted the
standard of the Indian nutraceutical market (Chauhan et al., 2014).

5. Future aspects of Houttuynia cordata as a potential
nutraceutical

HC can be employed as a potent nutraceutical for its versatile role in
different disease management. The consumable plant opens up various
potential approaches to convert it into a readily available therapeutic
supplement to treat COVID-19. Ethnomedical properties of the plant are
already being commercialized in countries like South Korea in the form
of tea powder (Dokudami/Yuxingcao) and tincture, while in Thailand as
capsules. The therapeutic claims are being made without proper
experimental validation. Thus, attempts were made to evaluate the
claims, which in turn presented promising results.

The dietary supplement HC fermentation product (HCFP), Doku-
dami, from the Prolac (Thailand) was tested for its anti-inflammatory
action as claimed. It was reported to contain mainly the aerial part of
the plant. HCFP and its methanolic extracts were found to inhibit NO
production in RAW264.7 cells along with concentration-dependent

10

suppression of PGE2, iNOS, IL-1f, TNF-a, and IL-6 levels when stimu-
lated with LPS. The suppression was less pronounced in the case of the
COX-2 level. A dose of 3.08 and 6.16 mL/kg HCFP administered after
2hrs carrageenan injections displayed a reduction in paw edema com-
parable to diclofenac (150 mg/kg), suggesting a second phase anti-
edematous effect. The dose of 6.16 mL/kg HCFP displayed paw edema
reduction after 1hr of carrageenan administration, thus indicating the
first phase anti-edematous effect. Quantitative HPLC analysis of the
commercialized product revealed that anti-inflammatory phenolic
compounds present in it are syringic, vanillic, p-hydroxybenzoic, and
ferulic acids (Woranam et al., 2020). The antiviral activity of flavonoids
present in HC spurred the interest of researchers. Fermentation
increased plant flavonoids (such as rutin, quercitrin, and quercetin)
expression (Philip et al., 2009), thus enhancing the antioxidant activity.
6 Bacillus strains were isolated from fermented HC and identified
employing 16S rDNA sequencing method. The strains were reported to
be B. amyloliquefaciens subsp. plantarum FZB42T, B. licheniformis
ATCC 14580T, B. aerius 24 KT, B. methylotrophicus CBMB205T, B.
safensis FO-036bT, and B. sonorensis NRRL B-23154T (Kwon & Ha,
2012). The main target of the study was to establish fermented HC as a
potential probiotic. Although a majority of the Bacillus species are
classified as “generally regarded as safe” (GRAS) (Patel et al., 2010),
recruiting viable spores of Bacillus in form of probiotic supplements
raises safety concerns. There are reports regarding many Bacillus species
employed as plant protection products, seed-coating agents, animal feed
supplements, and probiotics to cause food poisoning (Gaggia et al.,
2010). Thus, if the challenges regarding safety are tackled, HC can be
efficiently used as a probiotic.

Hydro-distillation extraction of HC essential oil (HEO) from fresh H.
cordata followed by dissolution in Tween 80 solution is the general
method to prepare the HCI (Ren et al., 2011). Houttuynin (3-oxodode-
canal, Hou) was reported to be the main active compound found among
volatile compounds (A), but it was found to be present in very small
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amount in the injection form (Qing-Song & Sai-Jin, 2015). Due to high
heat during hydro distillation extraction, Hou loses its stability and is
degraded (Xu et al., 2009). Solvent extraction at room temperature was
reported to be highly efficient in extracting Hou-riched HEO. Pure HEO
containing a high concentration of Hou (43.4%) was obtained after
solvent extraction and was purified using macroporous resin (D101). It
was further encapsulated into microemulsion by high-pressure homog-
enization, which enhanced its safety and in vitro antiviral activity (Pang
et al., 2017). Microemulsions are considered excellent potential carriers
for bioactive molecules as they provide enhanced bioavailability and
thermodynamic stability (Garti et al., 2012; Spernath & Aserin, 2006).
Microemulsion from the essential oils extracted from HC can be poten-
tially employed as a nutraceutical agent for COVID-19 treatment.

Many other potential approaches can be considered to translate the
use of HC as essential nutraceuticals. In tackling the challenges with HC
delivery, novel formulation design plays a crucial role. Dosage formu-
lations like solutions, lozenges, pastilles can be exploited in place of
available products. Solution formulations improve the physicochemical
properties of nutraceutical therapy, improving their solubility, perme-
ation, stability, and efficacy. Various conventional dosage forms like
tablets, capsules, and solutions deliver the nutraceuticals during the
initial phase. With the advancement of novel technologies, developing
various drug delivery systems is possible to overcome the associated
difficulties. Novel drug delivery systems can be used to deliver the
nutraceuticals as these may solve the issues like poor solubility, low
permeability with the help of particle size reduction, improved wetting,
use of amphiphilic molecules etc. In nanocarriers, these further increase
the molecule’s stability by encapsulation of active constituents in the
matrix. However, these techniques require a high concentration of sur-
factants as in self-emulsifying drug delivery and microemulsions.
Technologies like liposomes and nanoparticles require highly pure ex-
cipients and complex unit operations, increasing the cost of the final
product. Hence newer concepts or newer drug delivery systems that are
easy to produce on a large scale, patient-friendly (easy to administer to
pediatric and geriatrics) and help improve the bioavailability of com-
pounds are needed hour in the current scenario. Few technologies are
depicted in the following section can be used to enhance the efficacy of
selected nutraceuticals.

Lozenges are one of the versatile formulations which are utilized to
overcome drug delivery challenges. The advantages of these delivery
systems are convenient administration, multiple active loading, higher
drug loading, patient-friendly due to smooth feel and pleasant taste, and
cost-effectiveness. Another advantage with the lozenges is that they can
be easily given to the pediatric and geriatric population with difficulties
swallowing effect and taste. Pastilles or soft lozenges are meant to be
kept at the cheek, and slowly we need to engulf the juice; between the
cheek and used to deliver the nutraceuticals either for local action or
systemic action where chewing in between the buccal cavity leads to
entry of actives directly into systemic circulation via buccal route. As
medication directly enters systemic circulation via buccal absorption is
helpful to enhance the bioavailability of the incorporated nutraceuticals.
Few examples of marketed pastilles include Curkey, Dennkur, contain-
ing curcumin. Rescue pastilles with five flower formulas (Barkat et al.,
2020). Oro dispersible granules produce dosage with consistent content
uniformity. These are easy to carry and manufacture without the need
for high compression force. Extremely patient-friendly, especially in the
case of pediatric and geriatric patients avoiding swallowing difficulty. It
also improves the handling, transportation, and stability issues associ-
ated with liquid dosage forms. These are filled into sachets and can be
placed on the tongue during administration.

6. Discussion
HC is an important herb used in traditional medicines for its range of

beneficial effects such as antiviral, antimutagenic, anti-inflammatory,
antihyperglycemic, and antioxidant activities. It is consumed as a
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beverage, “dokudami cha” which is mainly found in China and the
Northeast region of India. Major bioactive constituents of HC include
essential oils, flavonoids, polysaccharides, and alkaloids. The essential
oils present in HC extract methyl n-nonyl ketone lauryl aldehyde, the
capryl aldehyde is reported with potent antiviral properties.

Previously HC is employed in other viral infections such as HIV-1,
HSV, and SARS. Apparent genetic similarity between other encapsu-
lated viruses like HIV and influenza can be observed with the novel
SARS-CoV. The viral envelope protein (mainly glycoprotein) helps in the
fusion between viral and host cellular membranes. This membrane
fusion process allows the capsid and viral genome to enter the host cell,
thus infecting it. In the coronaviridae family, coronavirus spike proteins
(S proteins) are cleaved into 2 functional subunits known as S1 and S2 by
which the virus gets internalized into the host cell (Gallagher & Buch-
meier, 2001; Liu, Liu, & Liu, 2020). Human immunodeficiency virus
type 1 (HIV-1) has two non-valently associated subunits of envelope
glycoprotein indicated as gp120 and gp41, which facilitates the mem-
brane fusion process between viral and host cellular membranes (Chan
et al., 1997). Sequence analysis of the two viral proteins (HIV-1 gp41
and SARS-CoV S2 proteins) revealed similar sequence motifs contrib-
uting to their active conformation. The study revealed a common
N-terminal leucine/isoleucine zipper-like sequence (Gallagher & Buch-
meier, 2001), along with a common C-terminal heptad repeat in the
upstream of an aromatic residue-rich region adjacent to the trans-
membrane segment (Kliger & levanon, 2003). Comparing the 3D model
of the S2 subunit from SARS-CoV with the core model of gp41 from
HIV-1 revealed that they share the same two «a helices, which indicates
that both might follow an analogous analog membrane fusion mecha-
nism (Zhang & Yap, 2004). Enfuvirtide is a synthetic peptide similar to
the C-terminal heptad repeat of HIV-1 gp41, FDA approves an anti-AIDS
agent: Enfuvirtide, along with C34 (another anti-HIV-1 peptide) inhibits
the conformational change of the gp41 required for its activation by
binding to a leucine/isoleucine zipper-like sequence present in gp41.
Thus by the above study, peptides corresponding to the C-terminal
heptad repeat of the S2 protein may act as SARS-CoV entry inhibitors
(Kliger & levanon, 2003).

Furthermore, the similarity between both coronaviruses and the
influenza A virus can be recognized. The transmission passage for
Coronaviruses and Influenza A viruses is through direct contact and
airborne droplets (Algahtani et al., 2016). Both types of viruses are
enveloped viruses with single strand negative-sense RNA viruses, re-
ported to have similar significant clinical symptoms and pathological
changes in the patients after infection. The significant difference in both
the viruses’ life cycle is that Influenza A viruses need to replicate the
genome in the nucleus. The virions are released from the cellular
membrane by budding processes (Jiang et al., 2020). Considering the
genetic and structural similarities between other encapsulated virus,
HIV, HSV and Influenza virus and novel coronavirus (COVID-19), agents
that interfere with the viral envelope proteins can be employed to
maintain the infection. Novel coronavirus, officially COVID-19, is an
enveloped, single-stranded RNA virus that causes respiratory distress,
pneumonia, and in some cases, lead to respiratory coma and death (Goh
et al., 2020). Combating the novel viruses hold a difficult challenge
because of their higher rate of mutation and poor proofreading ability
that generate ever-emerging, more virulent strains. ACE-2 has been
established as the binding moiety through which viral internalization
occurs (Yang et al., 2015). Therefore ACE-2 inhibitors and some other
putative antiviral drugs are currently being used in the management of
COVID-19 (Mulangu et al.,, 2019; Vaduganathan et al., 2020). No
medication has been yet approved officially due to fatal complications
that arise from dysregulated use of the marketed drugs. Globally, re-
searchers are searching for better and safer medicinal agents to mitigate
the rapid spread of infection. Numerous phytochemicals and nutra-
ceuticals are considered to be employed in COVID-19 therapy as a safer
alternative to presently available synthetic drugs.

Essential oils in HC extracts have been reported to block the
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membrane fusion and viral internalization to the host cell (Li et al.,
2017b). Therefore, HC extracts can be beneficial in the suppression of
viral endocytosis. In the SARS-CoV, the main protease, 3CLpro, is
in-charge for facilitating the releasing the key replicative enzymes like
RNA-dependent RNA polymerase (RdRp) and helicase from the poly-
protein precursors. The RdRp is responsible for both positive and
negative strand RNA synthesis and replicase complex that is expected to
contain additional viral and cellular proteins (Thiel et al., 2003).
Therefore, the role of RdRp is crucial in many viral infections including
human immunodeficiency virus type 1 (HIV1), human hepatitis B virus
(HBV), HCV and herpes virus, and aid as an attractive target for the
development of effective anti-viral drugs (Lau et al., 2008). HC extracts
also exhibited direct inhibition of 3-Chymotrypsin-like protease
(3CLPRO) and RNA-dependent RNA polymerase (RdRp). By directly
interfering with the above-mentioned similar molecular targets the HC
components may reduce the viral load in COVID-19 infected patients.

With the virtue of HC’s anti-inflammatory and antioxidant proper-
ties, flavonoids in the plant can reduce the overexpression of pro-
inflammatory cytokines and reactive oxygen species. As a result, HC
can maintain the upregulated immune system and oxidative damages in
the host tissues. The latter half of the infection’s underlying pathological
condition is called a cytokine storm because of elevated immunological
responses in the host. HC extracts can be pivotal in improving associated
conditions such as cytokine storms in critically infected people. Azi-
thromycin is currently being used along with HCQ in COVID-19 therapy.
Hepatotoxicity is reported with the use of Azithromycin in COVID-19
infected people treated with the drug. By its hepatoprotective and
antioxidant effects, HC extract can be used as a nutraceutical agent to
suppress the liver toxicity associated with Azithromycin use.

7. Conclusion

Now and then, encapsulated viruses have been offering a challenge
to humanity. Despite the advancement in medical technologies, the
novel Coronavirus infection is rapidly spreading worldwide. Also, to
date, there is no approved therapy or treatment for the management of
COVID-19. The available antiviral drugs can not completely mitigate the
viral load and, conversely, arise with their harmful complications. Me-
dicinal plants were considered relatively safe agents with potential
therapeutic benefits against various ailments. Houttuynia cordata is one
such nutraceutical agent with potent antiviral, anti-inflammatory, and
antioxidant activities. Its action is well documented to treat various
encapsulated viruses like SARS, HIV, HSV, Dengue fever, and Influenza
virus. Herein, we have reviewed the HC’s therapeutic effects as a
possible nutraceutical agent in the management of COVID-19 in corre-
lation with the therapeutic benefits in other similar viruses. Therefore,
further research on the reported bioactive molecules from the HC
against COVID-19 therapy can be beneficial in tackling the current
pandemic emergency.
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