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ABSTRACT
The outburst of Novel Coronavirus disease 2019 (COVID-19) due to SARS-CoV-2 has caused havoc
throughout the world. There has been an increase in the number of COVID-19 cases due to the
adaptation of the virus in any environment. Currently, supportive care and non-specific treatment to
ameliorate the symptoms of the patient are being considered. Therefore, there is an urgent need to
develop targeted therapies along with traditional herbal medicine as a combination therapy to prevent
the spread of COVID-19. The current systematic review highlights the COVID-19, the probable
mechanism of action of the virus, its transmission, and the role of traditional Indian herbal medicine
acting as a complementary system to the available health promotion drugs against COVID-19.
Additionally, emphasis on clean surroundings and preventive measures against COVID-19, on-going
clinical trials, and diagnosis has been discussed. The herbal medicine system can be used as a
supplement to improve the immune system of human beings. More studies and clinical trials are
required to determine the efficacy of the herbal plants to be used as a complementary medicine/novel
alternative therapeutic approach in the management of COVID-19.
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Introduction
Novel Coronavirus disease of 2019 (also known as nCoV2019 later named by WHO as
COVID-19) has been pandemic and it is caused by the newly identified strain of Coronavirus
Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (Dong et al ., 2020).
Cough, Shortness of breath or difficulty breathing, Fever, Chills, Muscle pain, Sore throat,
New loss of taste or smell are the most common symptoms of COVID-19, less common
symptoms are, including gastrointestinal symptoms like nausea, vomiting, or diarrhea (CDC),
in extreme cases, it also leads to pneumonia and organ damage. The symptoms develop
slowly after a period of incubation of two weeks. During this duration, replication of the virus
takes place in the lower and upper respiratory tract (Ang et al ., 2020). SARS-CoV2 was
identified to be originated in Wuhan, China during December 2019 and the World Health
Organization (WHO) declared it as a pandemic during March 2020. Officially, this disease
was named COVID-19 during February 2020 and the International Committee on Taxonomy
of Viruses named the new pathogen SARS-CoV-2. As of December 2021, there have been
281,808,270 confirmed cases with 5,411,759 deaths worldwide according to WHO. The
treatment measures which have been executed are mostly supportive therapies that can be
helpful to prevent and further complications and organ damage leading to death [2]. This
review aims to understand the SARS-CoV-2 structure and the proposed mechanism of the
action of this virus in the host cell. The review aims to highlight the importance of Indian
traditional medicine which may offer a combination therapy or alternative medicine to combat
the progression of COVID-19 with improved immunity.

The Challenges Of SARS-COV-2
SARS-CoV-2 has most certainly been a puzzle for the world due to the various challenges it poses.
The main challenge of COVID-19 research has been the difficulty to understand the genomic structure
of the coronavirus as the mutation rate is high. Studies have reported that there have been a total of
198 sites that have undergone independent mutations in the SARS-CoV-2 (van Dorp et al ., 2020).
Genetic analysis of the virus genome has also reported different strains of the virus such as S strain
and L strain These viruses are also known for its adaptability to survive in different conditions. Earlier
there was a theory that the SARS-CoV-2 would not be affecting the places with higher temperature
and humidity. As the whole world is grappling with this coronavirus, wherein each country has
different climatic conditions, it is nearly impossible to predict the demographic prefer-ability of the
virus. Since 2019, the virus has mutated and the variants have been classified according to their
severity. The WHO is monitoring variants such as alpha, beta, epsilon and the latest delta and
ommicron variants have been classifed as variants of concern (VOC).
There has been a shortage of healthcare equipment and instruments due to the sudden increase in the
number of patients. Healthcare professionals who are treating the patients affected with COVID-19 are
also at risk of acquiring the disease due to the shortage of personal protective equipment. Some people
remain asymptomatic but are infectious. These people may have the chance of spreading the virus to
others. The WHO has also given some of the protective measures to follow to minimize the risk of
SARS-CoV-2 infection. These include regular washing of hands with sanitizer, avoiding touching the
body parts such as eyes, nose, mouth, avoiding crowded places, and no traveling. Based on the
suggestions of avoiding traveling and crowded places, most of the countries have minimized the
human to human contact by shutting down the public places through countrywide
shutdowns/lockdowns with the hope to break the transmission chain and to reduce the influx of new
coronavirus cases. These challenges ensure the need to understand the COVID-19 to formulate
different therapies and this can be done only when more and more information related to research is
available on COVID-19.
Studies have reported the use of Protease inhibitor ritonavir which has been most commonly used for
treating Human Immunodeficiency Virus (HIV) (Martinez, 2020). There has also been the use of other
antiviral therapies such as nucleoside analogs, tenofovir, disoproxil, neuraminidase inhibitors for
COVID-19 (Vellingiri et al ., 2020a). At present, the research is focused to identify new targets and
various drugs and therapeutics such as plasma therapy tare in clinical trials.

Volume 24, Issue 10, October - 2022

89

Journal of University of Shanghai for Science and Technology

ISSN: 1007-6735

Nevertheless, the above-mentioned treatment options may take months/years, and hence the need of
the hour is to explore immediate control mechanism for COVID-19 and by targeting an increase in
immunity in human beings. Herbal medicine or traditional medicine offers a plethora of resources in
dealing with the pandemic(Luo et al ., 2020). The Ayurveda, Unani, and Siddha practices are still
widely used in India. Identification of the different phytoconstituents present in the medicinal plants,
effective treatment options can be formulated for the prevention of transmission of the virus and
strengthen the immunity in human beings.

Coronavirus
There has been a total of thirty-nine species of coronaviruses being reported(Vellingiri et al ., 2020b)
and they belong to the family Coronaviridae, order Nidovirales, suborder Cornidovirineae
(Gorbalenya et al ., 2020). Most of the species in the family are enzootic and very few species are
known to infect human beings. Common human coronaviruses are 229E (alpha coronavirus), NL63
(alpha coronavirus), OC43 (beta coronavirus), HKU1 (beta coronavirus), and other human
coronaviruses are MERS-CoV (the beta coronavirus that causes Middle East Respiratory Syndrome,
or MERS), SARS-CoV (the beta coronavirus that causes the severe acute respiratory syndrome, or
SARS) (CDC). People affected with this coronavirus are known to contract upper respiratory tract
illness including the common cold. Some of these species which affect humans include SARS, MERS,
influenza virus, and the most recently identified COVID-19. The differences between these species are
mentioned in Figure 1

.

Figure 1 COVID-19, immunity, inflammation, herbal medicine, combinational therapy

The SARS-CoV-2 genome is in between the range of 27 to 32 kilobase pairs in size and it is a singlestranded RNA virus. The four important structural proteins involved are the envelope protein (E),
spike protein (S), membrane protein (M), and the nucleocapsid protein (N) (Figure 2) (Schoeman &
Fielding, 2019). These major proteins are involved in regulating the structure and function of the
coronavirus. Studies have revealed that the SARS-CoV and SARS-CoV-2 have similar receptor-
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binding domain and receptor binding motif (Tai et al ., 2020). In SARS infection, it is believed that
the motif of the S protein is attached to the Angiotensin-Converting Enzyme 2(ACE2) in the host cells
(Zhao et al ., 2020a). ACE2 is predominantly expressed in the lungs, kidney, and intestine and these
organs are some of the prime targets of coronavirus. Hence, it has been proposed that the SARS-CoV2 mechanism of action is similar to SARS-CoV. The receptor-binding motif in SARS-CoV-2 is known
to have an important amino acid residue Glutamine at position 493 (Zhao et al ., 2020b). This amino
acid is reported to assist the attachment and fusion of S protein of virus into the ACE2 protein of the
host cells (preferably the ones present in lungs) thereby resulting in respiratory illness in humans.
Even though SARS-CoV-2 shared its homology with SARS-CoV, there has been an increase in its rate
of transmission and infectivity. This increased rate of infection has been attributed to a gain of
function mutation and hence the name novel Coronavirus 19 as its different from SARS-CoV
(Vellingiri et al ., 2020b; Zhao et al ., 2020b).
The SARS-CoV-2 is a zoonotic virus known to infect both humans and other animals(Ye et al .,
2020). Initially, during the outbreak in Wuhan, it was estimated that around 55% of cases were related
to the seafood market, zoonotic mode of transmission was speculated to be causing the increase in the
number of cases(Sun et al ., 2020). Studies have also indicated that the structure of SARS-CoV-2 was
similar to bat coronaviruses. However, with an increase in the number of cases across the world, the
statistics show that human to human transmission is a major cause of the increased number of
cases(Guo et al ., 2020). Pneumocyte desquamation, hyaline membrane formation, and alveolar
damage in the lungs have been observed in the biopsy samples of patients (Rodriguez-Morales et al .,
2020). The virus can be detected in sputum, saliva, nasopharyngeal and broncho-alveolar secretions
(Phan, 2020). Further, reports also suggest the possibility of transmission through speech droplets
(Nikhat & Fazil, 2020).
The Centre for Disease prevention and control (CDC) recommends the collection of the
nasopharyngeal swab for the diagnosis of COVID-19. The CDC diagnostic kits target the N region of
the virus and the nucleic acid of the virus is used for detection (L. Wang et al ., 2020a; M. Wang et al
., 2020a; Vellingiri et al ., 2020a). There are Real-time Polymerase chain reaction (RT-PCR) kit and
antibody testing kits available for diagnosis of SARS-CoV-2 with the antibody testing being more
accurate compared to RT-PCR kits. Adequate sample numbers, collection of the samples at the right
time are a must for accurate results or these kits may give false positive or negative results. Imaging
systems such as CT scans can also help in better diagnosis of COVID-19 wherein chest CT scans can
help in the detection of abnormalities in the lungs(Shi et al ., 2020). Molecular diagnosis with
imaging systems may help in the better screening of patients and help in better treatment.

Impact Of COVID-19 On The Immune And Nervous System
The infection of SARS-CoV-2 leads to the destruction of lung cells which leads to an inflammatory
cascade via ACE2 receptor binding. In SARS-CoV, the S protein is cleaved into two domains upon
receptor binding(Z. Liu et al ., 2020). It is also speculated that SARS-CoV-2 may use the same
proteases such as trypsin, plasmin, cathepsin to enter into the host cell, similar to that of SARSCoV(Vellingiri et al ., 2020b). The entry of the virus leads to the cleavage of ACE2 and dissociation
of a metalloproteinase called α disintegrin and metalloproteinase 17 (ADAM17) (Li & De Clercq,
2020). This dissociation leads to increased alveolar injury and respiratory problems. This virus can
also lead to the upregulation of the Nf-kB pathway and reactive oxidative species production resulting
in the increased inflammation due to inflammasome complex consisting of caspase 1, NOD-, LRRand pyrin domain-containing protein 3 (NLRP3) and Apoptosis-associated speck-like protein
containing a CARD (ASC) (Siu et al ., 2019). The E protein also leads to increased production of
cytokines and the JNK pathways lead to increased production of pro-inflammatory cytokines(D. X.
Liu et al ., 2014; Vellingiri et al ., 2020b). These combined pathways lead to overproduction of
inflammatory cytokines which results in respiratory problems which is one of the major symptoms of
COVID-19.
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Figure 2 Structure of SARS-CoV-2 and Possible mechanism of dysfunctional immune response during
Coronavirus infection

The overproduction of the cytokines leads to the disruption of the immune system in the human body.
The infection of SARS-CoV-2 leads to viral replication in the epithelial cells of the nasal passage
(Figure 2). This leads to an increase in viral particles and leads to pyroptosis (I. Y. Chen et al ., 2019).
Pyroptosis can be termed as a very high form of apoptosis, a trait that is common in the
cytopathogenic virus. Interleukin-1β is one of the prominent cytokines involved in pyroptosis and its
levels are reported to be high in patients affected with COVID-19 (Huang et al ., 2020). There occurs

Volume 24, Issue 10, October - 2022

92

Journal of University of Shanghai for Science and Technology

ISSN: 1007-6735

a disruption in the immune response which triggers a cascade of cytokine overproduction and causes
extensive inflammation in the lungs (Figure 2) (Tay et al ., 2020a). This widespread inflammation can
also lead to pneumonia and elevated levels of inflammatory cytokines which leads to sepsis and organ
damage. It is still not clear as to how SARS-CoV-2 can bypass our immune system but it is speculated
that the Pathogen recognition receptor (PRR) can be prevented to recognize the pathogen-associated
molecular patterns or by preventing the host protein translation(B. Zhang et al ., 2020). Additionally,
the weakened interferon response can also help in an increase in the number of viral particles through
replication (Tay et al ., 2020b). Hence it becomes more important to focus on the improved immune
system to fight the COVID-19 pandemic. Corticosteroids have been administered to COVID-19
patients as part of the clinical trials to improve immunity in human beings. Besides, monoclonal
antibodies such as tocilizumab and sarilumab are in clinical trials against COVID-19 for targeting the
prevention of cytokine storm (Tay et al ., 2020b). Vaccines can be designed with the structural protein
of the virus to trigger the response of these T cells to target the SARS-CoV-2(Vellingiri et al .,
2020b).
Studies have also reported that coronavirus not only targets the respiratory tract but also the central
nervous system (CNS). It has been speculated that these viruses may first enter the peripheral nervous
system and enters the CNS through the synaptic route(Matsuda et al ., 2004). Neuroinvasiveness is
one of the common features of coronavirus and as there is a high similarity between SARS-CoV and
SARS-CoV-2, it is highly possible that the COVID-19 can affect the CNS. It has been reported that
once the Coronavirus enters the CNS, within 7 days it can enter the brain through the blood-brain
barrier (L. Wang et al ., 2020b). The neuroinvasiveness of this virus further aggravates the respiratory
illness(Vellingiri et al ., 2020b) and therefore it is very important to prevent the entry of COVID-19
into the CNS.

Comorbidities In COVID-19
The number of comorbidities is one of the factors which raise the chances of contracting the SARSCoV-2 virus. Studies have reported that the presence of comorbidities increases the risk of acquiring
respiratory distress by 3.4 fold. It has been reported that patients with comorbidities have been
correlated with greater severity of SARS-CoV-2. Common comorbidities include diabetes mellitus,
cardiac disorders, cancer, and hypertension. The following section reports the risk of COVID-19 with
different comorbidities.
COVID-19 and kidney disorders
During the early stages of infection, the majority of the COVID-19 patients developed proteinuria and
haematuria. In another study conducted from 710 patients across hospitals, 44% of cases reported the
presence of both proteinuria and haematuria. 15% of the patients were found to be having impaired
kidney function. High levels of creatinine, lactate dehydrogenase, C reactive protein were reported in
patients, mostly older patients. Acute kidney injury (AKI) was also associated with higher levels of
creatinine in COVID-19 patients and chances of mortality increase with AKI (Cheng et al ., 2020).
Hence it is necessary to identify the markers for kidney diseases in COVID-19 patients which may
help in reducing the rate of mortality rate.
COVID-19 and Cardiac disorders
As mentioned previously, ACE2 is the main target through which SARS-CoV-2 enters the host cells.
ACE2 is expressed in the heart and it is involved in the proper functioning of the heart and there are
chances that cardiac issues may develop in COVID-19 patients(Zheng et al ., 2020). The cytokine
storm created upon the interaction of SARS-CoV-2 may be one of the reasons for the development of
heart injury. The cardiac cells have high expression of ACE2, the patients having cardiac disorders are
more prone to acquire the COVID-19 infection(L. Chen et al ., 2020). The decreased level of ACE2
due to the binding of the virus to its receptor causes tissue injury through decreased vasodilation, antioxidant and anti-inflammatory properties. The entry of the virus also triggers the angiotensin II type 1
receptor to have pro-inflammatory, pro-oxidant potential leading to vasoconstriction and vascular
permeability thereby increasing tissue injury. The use of mineralocorticoids, Aliskerin, ACE inhibitors
have shown to have a beneficial effect on patients with cardiac problems(H. Zhang et al ., 2020) and
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these can be further investigated as one of the therapeutic options for COVID-19 patients with
comorbidities.
COVID-19 and diabetes mellitus
It is a very well-known fact that people with diabetes have impaired immune response due to poor
glycemic control leading to bacterial and viral infection. Most of the diabetic patients are obese and
abnormal levels of adipokines, interferon, Tumor necrosis factor-α (TNF- α) also contribute to the
impaired immune system(Fang et al ., 2020). Diabetes mellitus patients have often been prescribed
ACE inhibitors which increases the expression of ACE2. ACE2 is the entry point for SARS-CoV-2
and diabetes patients are more prone to COVID-19 as the medications increase the ACE2 expression
leading to increased severity and fatality of the disease(Fang et al ., 2020). If the ACE inhibitors are
stopped, these people may die due to hypertension rather than COVID-19. Therefore, people with
diabetes mellitus require intensive care during their hospitalization to reduce the risk of COVID-19.
COVID-19 and liver
High levels of AST, ALT, bilirubin levels indicate a liver injury and COVID-19 cases patients have
been reported to have high levels of these hepatic markers. Besides, gamma-glutamyl transferase was
significantly higher in severe infection cases of COVID-19 patients(Fan et al ., 2020). Hepatocytes
and bile ducts both express ACE2 and this may be one of the reasons for liver damage during SARSCOV-2 infections. Bile ducts are responsible for hepatocyte regeneration(Banales et al ., 2019) and as
the cells possess more ACE2 receptors, these are more prone to SARS-CoV-2 infection which
ultimately leads to liver injury as the hepatocyte regenerations are hindered. Histopathological
evidence has reported that COVID-19 patients had microvesicular steatosis, fat deposits, and mild
portal activity(Xu et al ., 2020). Liver injury can be considered as one of the markers for COVID-19
patients as it has been reported that the degree of liver damage is directly proportional to the severity
of COVID-19 infections and treatment can be designed according to the liver damage for COVID-19
patients with liver disorders.
COVID-19 and cancer
It is a well-established fact that the immune system is weakened in cancer and due to this reason,
cancer patients are highly prone to COVID-19. Data suggests that there is a low prevalence of cancer
amongst COVID-19 patients but people with cancer are 76% more likely to experience the severity of
SARS-CoV-2 infection(Liang et al ., 2020). Evidence indicates that cancer development is related to
overexpression of immunosuppressive cytokines, suppression of pro-inflammatory cytokines,
impaired dendritic cell maturation. In contrast, Both cancer and COVID-19 lead to an impaired
immune system and this probably increases the risk of SARS-CoV-2 infection in cancer patients(H.
Wang & Zhang, 2020). It was reported that COVID-19 developed in 28.6% of patients while
undergoing anti-tumor therapies whereas 71.4% of patients developed COVID-19 due to the presence
of infection in the near vicinity(L. Zhang et al ., 2020). The mechanism behind cancer and SARSCOV-2 is not known and more studies are needed to correlate the two diseases and also develop
treatment options keeping in mind that the immune system in both these disorders is a contrast to one
another.
COVID-19 and ocular disorders
The superficial parts of the eyes such as conjunctiva and inferior parts iris, ciliary body, retina have all
been reported to have a wide distribution of ACE2 receptors which are part of the intra-ocular reninangiotensin system. There is a huge possibility of SARS-CoV-2 entry through the ocular route and the
role of ACE2 and Transmembrane Protease Serine 2 (TMPRSS2) proteins need to be studied
regarding the same (Napoli et al ., 2020). COVID-19 patients were reported to have chemoses,
epiphora, conjunctivitis, and conjunctival hyperemia. The severity of COVID-19 in ocular patients
was high compared to patients without ocular disorders. Even though there is no direct evidence,
researchers believe that the presence of ACE2 and TMPRSS2 in corneal stem cells may allow for the
passage of SARS-CoV-2 into other parts of the body including the brain (Sungnak et al ., 2020).
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Drugs And Therapies Related To COVID-19
There has been an increase in the number of COVID-19 cases across the world, however, there have
been no drugs that have been approved by the Food and Drug Administration (FDA) for the treatment
of COVID-19 (Vellingiri et al ., 2020a). The treatment being provided now is based on symptoms and
organ support is being provided to people who are critically ill. The present drugs which have been in
clinical trials belong to different classes such as anti-viral, anti-inflammatory, anti-malarial, etc. (Table
1).
Table 1: Currently used Therapies against COVID-19
Therapy
Chemical structure

Chemical
formula

Antibiotics
Amoxicillin
Azithromycin
Fluoroquinolones

(Jin et al ., 2020a)
C 16 H 19 N 3 O 5 S
C 38 H 72 N 2 O 12

Azithromycin
Antivirals
Lopinavir/ ritonavir
Ribavirin
Favipiravir
Remdesivir
Oseltamivir
Chloroquine
Interferon

References

Lopinavir/
Favipiravir

ritonavir

Remdesivir
Chloroquine
Anti-malarial
Hydroxychloroquine

Amoxicillin

Ribavarin

C 37 H 48 N 6 O 5 S 2
C 8 H 12 N 4 O 5
C 5 H 4 FN 3 O 2
C 27 H 35 N 6 O 8 P
C 16 H 28 N 2 O 4
C 18 H 26 ClN 3

(De Clercq, 2019;
Habibzadeh
&
Stoneman, 2020; M.
Wang et al
.,
2020b)

Oseltamivir

C 18 H 26 ClN 3 O

(Colson et al
2020a)

.,

Hydroxychloroquine
Oxygen therapy
Nasal cannula
Non-invasive/invasive
mechanical ventilation
Plasma therapy
Convalescent plasma

(Jin et al ., 2020b)

(Bloch et al
2020)

.,

Ribavarin had been used for treatment during the SARS infection and it also one of the drugs under
clinical trial against COVID-19. Ribavarin is known to target RNA and DNA replication through the
inosine monophosphate dehydrogenase enzyme inhibition. However, ribavirin is known to cause
adverse effects such as anemia, hypomagnesemia, and bradycardia (Elfiky, 2020). Proper care must be
ensured for patients being treated with ribavirin. Other drugs that are being used for COVID-19
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include the protease inhibitors lopinavir and ritonavir. The combination of these two drugs has been
used in the treatment of HIV and SARS-CoV also. Ritonavir acts by inhibiting CYP3A metabolism of
lopinavir thereby enabling lopinavir to act for a longer time through increased levels of lopinavir in
serum (Chu et al ., 2004). These combinatorial drugs have reported few adverse effects and they act
via decreasing the viral load and increase of lymphocytes. Administration of hydroxychloroquine
resulted in inhibition of the growth of the SARS-CoV-2 virus in vitro. Further, the combination of
hydroxychloroquine and azithromycin was also able to reduce COVID-19 infection (Colson et al .,
2020b). The use of convalescent plasma therapy is another option for COVID-19 treatment wherein
plasma from a recovered patient is transferred to an infected person. This therapy results in adaptive
immune response thereby reducing the infection and improving the condition of COVID-19 patients.
These are some of the drugs which can be used in the fight against COVID-19. Apart from these,
monoclonal antibodies, anti-TNF- α treatment are other therapeutic options available against COVID19. It is also necessary to provide therapy options wherein the entry of the virus to the nervous system
can be prevented such as antiviral drugs which can cross the blood-brain barrier need to be developed.
At present, most countries have started testing the various drugs in clinical trials. The drugs and
therapies that are being undertaken in clinical trials in tackling COVID-19 have been listed in Table 2.
Nevertheless, these trials will take their own time to complete. These trials may also not been
effective against the virus as according to a WHO study, remdesivir has reportedly failed to prevent
death in COVID-19 patients. Therefore, it is very important to explore alternate forms of medicine
which not only improve the immune system with better anti-inflammatory potential to target the
COVID-19 but also mitigate the possibility of the virus in entering the CNS. These medicinal plants
can be used as a supplement or as an immunity enhancer and can be used in combination with various
drugs available for COVID-19 to improve the compromised immune system of human beings.
Table 2 On-going clinical trials across the world for the treatment of COVID-19
Drug
Phase
Country
Remdesivir
Phase 3
United States of America
Phase 3
China
Eculizumab
Phase 2
United States of America
Remdesivir
Phase 3
France
Lopinavir/ritonavir
Interferon Beta-1A
Lopinavir
Phase 2
Korea
Sarilumab
Phase 2
United States of America
Losartan
Phase 2
United States of America
Hydroxychloroquine
Phase 3
United States of America
Phase 2
Korea
Sildenafil citrate
Phase 3
China
Ganovo+ritonavir+/-Interferon nebulization
Phase 4
China
Carrymycin
Phase 4
China
Pirfenidone
Phase 3
China
Ivermectin
Recruiting
India
Covaxin
Approved
India
Covishield
Approved
India/UK
BNT162b2(Pfizer)

Approved

United States of America

This table has been prepared with the help of the website https://clinicaltrials.gov/ct2/who_table

Role Of Indian Traditional Medicine System In COVID-19 Management
Traditional herbal medicine involves the usage of various plants that have been known for their
medicinal values. The studies on herbal medicine are the need of the hour for boosting immunity till a
vaccine can be developed. Traditional Indian medicine system which includes Ayurveda, Unani,
Siddha, Homeopathy (AYUSH) practices have been used for the treatment of various diseases and
disorders with more than 25,000 herbal formulations (Sahoo & Manchikanti, 2013). The advantage of
using these herbal medicines is in strengthening the immune system through the immunomodulatory
property. Vitex trifolia and Sphaeranthus indicus have been reported to reduce the inflammatory
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cytokines with the help of the Nf-kB pathway which is one of the pathways implicated in COVID-19
(Srivastava et al ., 2015; Vellingiri et al ., 2020b). Another plant Clitoria ternatea has been reported
to inhibit the cleavage of ACE2 (Maity et al ., 2012). ACE2 cleavage has been associated with
increased respiratory system failure. Allium sativum and Strobilanthes Cusia have been reported to
induce protease-like activity and it also prevents the RNA synthesis of the virus (Tsai et al ., 2020a).
Andrographis paniculata is known for the suppression of caspase molecules and interleukin molecules
(Y. T. Liu et al ., 2020a). These molecules have been widely involved in the pathogenesis of SARSCoV and SARS-CoV-2. Many medicinal plants have been known for their inhibitory action against
ACE such as Coriandrum sativum, Cynara scolymus, Coscinium fenestratum, etc (Vellingiri et al .,
2020b). The medicinal plants with their mode of action which can be used against SARS-CoV-2 are
enlisted in Table 3. The Ministry of AYUSH, Government of India has recommended the usage of
medicinal plants and herbal remedies to improve the immunity to tackle the menace of COVID-19
(Table 4) (Vellingiri et al ., 2020b).
Table 3: List of some medicinal plants which can be used in the treatment against COVID-19
Plant Name
Action
Virus
Reference
Coriandrum sativum
Inhibits ACE2
SARS-CoV-2(Likely)
(Vellingiri et al
.,
2020b)
Allium sativum
Inhibits replication
SARS
(Keyaerts et al ., 2004)
Andrographis paniculata Suppression of caspase SARS and SARS-CoV- (Y. T. Liu et al ., 2020b)
and interleukin1β
2(likely)
Clerodendrum inerme
Ribosomal inactivation
SARS-CoV-2(Likely)
(Olivieri et al ., 1996)
Cassia occidentalis
Inhibits ACE2
SARS-CoV-2(Likely)
(Khan & Kumar, 2019a)
Eugenia jambolona
Protease inhibitor
SARS-CoV-2(Likely)
(Otake et al ., 1995)
Glycyrrhiza glabra
Inhibits replication
HIV
(Vellingiri et al
.,
2020b)
Gymnema sylvestre
Inhibits replication
(Vellingiri et al
.,
2020b)
Ocimum sanctum
Inhibits replication
HIV
(Anil Rege & Sadashiv
Chowdhary, 2014)
Punica granatum
Inhibits ACE2
SARS-CoV-2(Likely)
(Khan & Kumar, 2019b)
Sphaeranthus indicus
Inhibits ACE
mouse coronavirus
(Galani et al ., 2010)
Strobilanthes callosa
Blocking
SARS-CoV-2
(Tsai et al ., 2020b)
Vitex trifolia
Reduction
in
viral SARS and SARS-CoV- (Liou et al ., 2018)
particles
2(Likely)

Table 4 Medicinal plants and Ayush products against COVID-19 as recommended by the Ministry of AYUSH,
Government of India.
Plant Name
Form
Action
Arsenicum Album
Tablet
Immunomodulatory action; can be used against COVID-19
Tinospora cordifolia
liquid
Anti-pyretic
Bryonia alba
Tablet
Anti-inflammatory
Rhus Toxicodendron
Tablet
Anti-viral
Andrograhis paniculata
liquid
Anti-pyretic
Cydonia oblonga
Liquid
Antioxidant, immunomodulatory
Ayush products
AYUSH-64
Tablets
Acts against respiratory problems
Anuthaila
oil
Acts against respiratory problems
Agastya Haritaki
Powder
Acts against respiratory problems
Vishasura kudineer
Tablet
Anti-pyretic
Kabasura kudineer
Tablet
Anti-pyretic, effective against cough
Adathodai manapagu
Liquid
Anti-pyretic
Safuf-i-Joshanda
Powder
Effective against cold and cough
Kvatha Curna
Powder
Anti-pyretic, effective against cough

Apart from these, there have been certain medicinal plants that have been studied for their action
against respiratory illness. These include Curcumina longa, Papaver somniferum, Piper longum,
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Zingiber officinale, etc. These medicinal plants act against respiratory illness through their
immunomodulation potential, anti-inflammatory potential via different pathways such as Nf-kB,
MAPK, and anti-viral potential (Vellingiri et al ., 2020b). It can be suggested to consume these
medicinal plants either in decoction form or by including them in the diet for improving the immunity
in their fight against coronavirus. The medicinal plants which can be used as an immunity enhancer
are mentioned in Table 5.
Table 5 Medicinal plants with different therapeutic properties for the usage as an immunity enhancer
Plant Name
Property
Reference
Cayratia pedata
Anti-inflammatory
(Nayak et al ., 2017a)
Salacia reticulate
Anti-inflammatory activity
(Vellingiri et al ., 2020b)
Zingiber officinale
Immunomodulation
and (Amber et al ., 2017a)
antiviral
Piper longum
Anti-pneumonia drug
(Vellingiri et al ., 2020b)
Curcumin longa
Anti-inflammatory,
(Khaerunnisa et al ., 2020a)
immunomodulatory
Achyranthes aspera
Anti-viral activity
(Dhaarani et al ., 2018)
Abutilon indicum
Immunomodulatory function
(Gaikwad & Krishna Mohan, 2012)
Salacia reticulate
Anti-inflammatory activity
(Nayak et al ., 2017b; Vellingiri et al
., 2020b)
Trichopus zeylanicus
Anti-oxidant and anti-fatigue (Tharakan et al ., 2005)
activity
Verbascum Thapsus
antioxidant activity
(Amber et al ., 2017b)
Portulaca oleracea
Anti-inflammatory properties
(Amber et al ., 2017b)
Papaver somniferum
Treated for respiratory diseases
(Vellingiri et al ., 2020b)

Furthermore, the in silico screening of some of the medicinal plants have been taken up by various
research groups in the fight against COVID-19. Phytoconstituents like kaempferol, quercetin,
naringenin, Luteolin-7-glucoside, curcumin gingerol, catechin, epicatechin gallate have been studied
for their mechanism of action with the help of docking studies (Khaerunnisa et al ., 2020b). These
phytoconstituents have been reported to inhibit the main protease of COVID-19 termed as 6LU7. For
example, kaempferol, quercetin, luteolin-7-glucoside, curcumin form hydrogen bonds with 6LU7
similar to that of nelfinavir and lopinavir. Most of these phytoconstituents are found in plants that are
included in our daily diet. For example, Kaempferol is found in spinach, cabbage, quercetin in fennel
leaves, onion, catechin, and epicatechin gallate in tea, curcumin in turmeric, gingerol in ginger, etc. It
can be suggested that plants containing these phytoconstituents can be included in our diet as a
supplement to tackle the COVID-19 and its progression within the human body.

Preventive Measures Against COVID-19 And Future Prospectives
The SARS-CoV-2 pandemic is likely to continue for a long period and it is important to take certain
necessary steps against SARS-CoV-2. The preventive measures are designed to maintain hygiene and
cleanliness, improved immunity, and prevention of the spread of the virus. The rules of self-isolation,
quarantine, and social distancing must be followed. The use of face mask, gloves and sanitizer needs
to be inculcated. Proper care must be taken when the masks and gloves are disposed of. Sanitization of
the environment is a must. There have been various sprays and fumigation agents which can be used to
keep the surroundings clean. Work-places need to be sanitized daily and offices have been encouraged
to work from home wherever possible. The health care professionals and the sanitization workers must
be provided with the proper personal protective equipment (PPE) to minimize their risk of infections.
The SARS-CoV-2 can spread through small droplets from the nose or mouth and hence it is safer to
maintain a distance of more than one meter while talking to another person. Aged people, infants, and
people with disorders such as diabetes, hypertension, cancer, etc need to be very cautious during this
period as the immune system is weakened. Proper diet and exercise will reduce the chances of
contracting the virus.
India ranks 2nd in the world concerning the total number of cases worldwide. The second wave started
in mid-march in India. As of december 2021, India has reported a total of 34,808,886 27,729,147 cases
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with 4,80,992 deaths according to WHO. During the secomd wave, there were more than four lakh
daily cases but by end of May 2021, the daily cases have fallen below two lakhs. The recovery rate of
India is 90.01%, and the mortality rate stands at 1.12%. According to WHO, India is also amongst the
countries wherein transmission classification is “cluster of cases”. The country announced a
nationwide lockdown on March 22nd, 2020 with only essential services being operational. As of
September 2020, India has started relaxing conditions for other services too except for the red zone
areas. During the second wave which started with increased cases in Maharashtra, few states started
imposing the lockdown in the states.Even though there has been no national lockdown, the states in
Indias have announced full or partial lockdown depending on the cases of coronavirus. India is also
one of the countries in the production of vaccines against COVID-19. Covaxin from Bharat Biotech is
under trial while the Serum Institute of India has tied up with Oxford University for the production of
COVID-19 Vaccine and these have been approved for use in India in January 2021. During the
lockdown, the Indian government issued certain guidelines to follow for improving the immune
system through the Ministry of Ayurveda, Yoga & Naturopathy, Unani, Siddha and Homoeopathy
(Ministry of AYUSH) which is involved in the development of alternate and traditional medicine
system till a vaccine can be developed. It also has advised the people to follow simple steps to
maintain their immunity. These include drinking warm water, using Curcuma longa, Coriandrum
sativum, Cuminum cyminum, etc in their food, practicing yoga and meditation, drinking herbal
concoctions, and taking steam inhalations with mint leaves, etc. Few states in India are providing
herbal concoctions to people to prevent COVID-19. Tamil Nadu is one of the states which started
giving herbal concoction called “Kabasura Kudineer” to the people (Kumar et al ., 2020). The
Kabasura kudineer is a Siddha formulation which has been known for improving immunity. The
Government of India has been advised to recommend the usage of this herbal concoction throughout
the country. India has been following all the guidelines recommended by the experts and also
broadened its research to tackled COVID-19. A Walk in Simple Kiosk (WISK) has been developed by
doctors in Kerala and the Defence Research and Development Organization was also involved in the
development of COVID-19 Sample Collection Kiosk (COVSACK) for minimizing exposure during
sample collection (Kumar et al ., 2020). These Kiosks can be used in red zone areas to minimize
further spread of the virus and infection. An application called “Arogya Setu” has also been
developed. The Government of India recommended the installation of this app to track the people if
they come up in contact with an infected person.
More recently, the Council of Industrial and Scientific Research (CSIR) laboratories and Indian
Council of Medical Research (ICMR), India have decided to start the clinical trials using
Ashwagandha, Guduchi, yasthimadhu, Peepli against COVID-19 for improved immunity. These kinds
of studies are needed along with the on-going clinical trials to be better prepared in this battle against
the COVID-19 pandemic.

Conclusion
In this review, the possible mechanism of the infection of COVID-19 in the human body has been
explained to understand and design new drugs and therapies for combating SARS-CoV-2. Targeting
the dysfunctional immune system can be one of the possible strategies to prevent the progression of
SARS-CoV-2. This can be used in the development of vaccines against COVID-19. It is also
necessary to understand the structure of the COVID-19 in more detail and studies are being carried out
on this aspect as it will help in the development of drugs. It is also imperative to develop efficient and
cheaper diagnostic kits due to the increased number of cases. More studies are needed to identify any
prospective biomarker which can correlate with the impaired immune system. SARS-CoV-2 may not
be as virulent as its predecessors (SARS-CoV and MERS) but it has a high rate of infection which
may lead to higher mortality in the near future. With the absence of proper drugs and therapy against
SARS-CoV-2, the usage of an herbal medicine system can help in the improvement of the immune
system as well as antioxidant and anti-inflammatory systems. The traditional herbal medicine can be
used in combination with different drugs available for COVID-19 to enhance the immune system.
Most of the traditional medicinal plants mentioned are available throughout the world and less
economical compared to the drugs and therapies. Safety studies are required to know the efficacy and
efficiency of these herbal medicines and to keep the toxic compounds (if any) at the least permissible
levels. Besides, precaution needs to be taken to ensure that the phytoconstituents in the plants do not
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interfere with the efficacy of the available drugs due to any phytoconstituent-drug interaction. Clinical
trials on the herbal-based medicines are the need of the hour and it has already been started in China.
More research on herbal medicine must be needed to understand their function in maintaining the
health and prevention of diseases. Traditional herbal medicine system would emerge as a strong
alternative to complement the available drugs to overcome the COVID-19 pandemic.
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