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1. Introduction 

A pandemic that started in late December 2019 was 
brought on by the SARS-CoV-2 viruses1. Due to the 
severe negative impacts on public health, the World 
Health Organization (WHO) identified the resulting 
illness as Coronavirus disease in 2019 and proclaimed 
it a worldwide emergency2. The angiotensin-converting 
enzyme2 ACE-2 receptor is a known SARS-CoV-2 
receptor for the entrance of the virus into host cells3,4. 
This receptor is found in several bodily cells, including the 
respiratory, digestive, renal, and cutaneous epithelium, 
suggesting that each of these organs may be a possible 
target for the virus2. The human gastrointestinal tract 
(GI tract) is the body’s largest immunological organ 

and is crucial in preventing pathogen infection5. As 
documented the gut microbiota has a great impact on 
immune responses6. The SARs-CoV-2 infection causes 
short- and long-term changes in the ecology and 
dynamics of the human gut microbiome, which in turn 
affect the health of the human host. For the severity of 
the disease, microbial change promotes the growth of 
opportunistic pathogenic microorganisms.

The 10,000-year-old medical systems of Ayurveda 
and Siddha medicine both attempt to alleviate ailments 
by enhancing the immune system. According to 
Balasubramani et al., there are several Ayurvedic 
treatments available for increasing immunity 
against respiratory infections, including specific 
immunomodulators (known as Rasayan)7. South 
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India is where the Siddha system of medicine is most 
prevalently practiced among the people also consists 
of several medicinal herbs that have a great impact 
on the immune system. In this review article, we are 
trying to analyze how the phytochemicals of Medicinal 
plants used in the Ayurveda and Siddha systems of 
medicine will inhibit SARS-CoV-2 viruses’ infections 
or may reduce the severity of infection by modulating 
intestinal microbial populations8.

2. Materials and Methods

The literature was looked up in three main areas. 
Ayurveda, Siddha medicine, and SARS-CoV-2 virus 
were used as search terms in the first section’s literature 
search in PubMed, Google Scholar, and the Web of 
Sciences. We looked through numerous studies from 
the past 20 years, and those that were worthwhile we 
have included. Additionally, since the immune system 
plays a significant part in SARS-CoV-2 virus infections, 
we have included specific characteristics like the impact 
of Ayurvedic/Siddha herbs on immunity.

The effects of Ayurvedic and Siddha herbs on 
the human gut flora in COVID-19 patients are the 
subject of our narrative review. Although there are 
no direct indications, herbs have significant antiviral 
and immunomodulatory impacts on human health. 
Concerning the gut microbiota, we used the plant’s 
botanical name as a keyword. We have included 
around 20 medicinal herbs commonly used in the 
prevention and treatment of COVID-19 infection. We 
looked through many web databases. We tried to apply 
insightful studies to COVID-19 patients.

3.  Alteration of Gut Microbiota 
Diversity during the Time of 
SARS-CoV-2/CoVID-19 Infection

A pilot investigation that involved sequencing fecal 
samples from 15 patients revealed that COVID-19 
infections considerably changed the fecal microbiomes, 
with a decrease in helpful commensals and an 
enrichment of opportunistic pathogens9. According 
to one study, people with SARS-CoV-2 infection 
experienced significant changes in the diversity of their 
fecal microbiome, which were characterized by an 
enrichment of opportunistic pathogens (Clostridium 

hathewayi, Actinomyces viscous, and Bacteroides 
nordii) and a depletion of beneficial commensals 
(Faecalibacterium prausnizii, Lachnospiraceae) 
bacterium10. SARS-CoV-2 was eliminated from 
respiratory samples, but gut dysbiosis and reduced 
symbionts persisted. By hindering host entry through 
ACE-2, Bacteroidetes species, for instance, may provide 
a protective role in avoiding SARS-COV-2 infection9. 
Gut bacteria protect against SARS-CoV-2 infection. 
The phylum Firmicutes, which includes Coprobacillus, 
Clostridium ramosus, and Clostridium hathewayi, 
is linked to the severity of SARS-CoV-2 infections. 
Faecalibacterium prausnitzi, which shows anti-
inflammatory activity, the intake of probiotic bacteria 
may reduce the severity of COVID-19 infection11.

SARs-Cov-2 severity and rate of infections depends 
on some specific bacteria like Bacteroides species 
(Bacteroides dorei, Bacteroides thetota, Bacteroides 
massiliensis, and Bacteroides ovatus). These species 
may restrict the capacity of SARS-CoV-2 to get into 
enterocytes because they were linked to a decrease 
in ACE2 expression in the mouse gut. These results 
supported those of a different study that found that 
patients with SARS-CoV-2 infection had less diverse 
gut microbiotas, greater numbers of opportunistic 
bacterium pathogens, and fewer butyrate-producing 
bacteria than H1N1 patients and healthy controls12. 
Additionally, seven bacterial strains (Streptococcus, 
Fusicatenibacter, Collinsella, Dorea, Agathobacter, 
and Eubacterium Rumninococcus) could be used as 
COVID-19 diagnostic biomarkers12. GI symptoms 
such as diarrhea, nausea, and vomiting are reported 
by more than 60% of patients in an article from China, 
which suggests that patients have microbial dysbiosis 
due to reduced Lactobacillus and Bifidobacterium13.

4.  Role of Probiotics in the Prevention 
of SARS-CoV-2/CoVID-19 Infection

There has been a lot of research on the biological impact 
of the gut microbiota on lung diseases like pneumonia, 
pleural effusion, emphysema, chronic bronchitis, 
and chronic obstructive pulmonary disease14. A 
Disruption in the gut microbiota is known to occur 
as a result of viral infections of the respiratory tract8. 
Probiotics were the most important for reducing the 
consequences of the COVID-19 outbreak. These were 
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L. casei, L. gasseri, B. longum, B. bifidum, L. rhamnosus, 
L. plantarum, and B. breve15. The equilibrium of the 
normal microbiota in the human intestine is disrupted 
by COVID-19 infection, according to a recent study 
from China, which was based on the detection of lower 
numbers of Bifidobacterium spp. and Lactobacillus 
species in patients with the illness16. The genus’s 
probiotics concerning gastrointestinal dysbiosis 
brought on by severe acute respiratory syndrome 
corona virus-2, Lactobacillus, and Bifidobacterium 
have the biological capacity to combat it17. Li et al., 
reported that giving patients a probiotic containing 
Bifidobacterium longum, B. infantis, Lactobacillus 
acidophilus, Lactobacillus delbrueckii, Bacillus cerus, 
Streptococcus thermophiles, and Enterococcus faecium 
shortened their stay in the hospital and accelerated 
their recovery from severe acute respiratory syndrome 
corona virus-218. It was demonstrated by Carelli et al., 
that the usage of a probiotic including S. therophilus, 
Bifidobacterium lactis, L. acidophilus, L. helveticus, 
Lactobacillus paracasei, L. plantarum, and L. brevis 
decreased the motility in COVID-19 patients19. 
According to one study, low bacterial diversity and the 
loss of Bifidobacterium genera either before or after 
the infection resulted in reduced pro-immunological 
function, which allowed SARS-Cov-2 infection to 
manifest symptoms20. Probiotics like Lactobacillus and 
Bifidobacterium, according to a meta-analysis, provide 
a slight decrease in common cold symptoms and SARS-
CoV-2 infection symptoms21.

5.  Opportunistic Pathogenic Bacteria, 
which Enhances the secondary 
SARS-CoV-2/CoVID-19 Infection

In COVID-19 patients, secondary bacterial infections 
commonly arise and may be linked to worse outcomes. 
Secondary bacterial infections were substantially 
correlated with disease severity in a multicenter study 
involving 476 COVID-19 patients22. According to a 
meta-analysis of research published in 2020, 14% of 
SARS-Cov-2 hospitalized patients had a bacterial co-
infection, and this number is close to 7% in studies that 
only included ICU patients23.

In contrast, Pseudomonas aeruginosa, human 
adenovirus, human rhinovirus, and herpes simplex 

virus were only discovered in symptomatic patients. 
Streptococcus pneumoniae, Klebsiella pneumoniae, 
Hemophilus influenza, Escherichia coli, Staphylococcus 
aureus, Aspergillus, and Epstein Barr Virus (EBV), 
for example, were found in both symptomatic 
and asymptomatic patients16. Hospital-Acquired 
Pneumonia (HAP) was discovered in approximately 
11.5% of COVID-19 patients, according to Yang and 
colleagues24. Sepsis, bacterial meningitis, and severe 
bacterial pneumonia are just a few organ and system 
failures that have been associated with bacterial co-
infection. K. pneumoniae was discovered in COVID-19 
patients in 34% of cases. The most prevalent bacterial 
species among the 108 COVID-19 patients in Saudi 
Arabia were K. pneumoniae and A. baumannii, both 
of which were resistant to every antibiotic tested25. One 
of the most common gram-negative bacterial species 
associated with significant hospital-acquired illnesses 
in various hospitals is Pseudomonas aeruginosa. It 
is additionally referred to as a typical respiratory 
opportunistic pathogen. According to one study, 
P. aeruginosa was the most prevalent co-infecting 
pathogen and could boost quorum sensing for 
prolonged colonization and bacterial co-infection 
during the crucial COVID-19 Pneumonia period26.

6.  Role of Ayurveda and Siddha in 
the Management of COVID-19

In its COVID-19 strategic preparedness and response 
plan, the World Health Organization has also advised 
including traditional medicine. The goal should not 
be to just deploy this workforce as a backup plan, but 
rather to use its therapeutic management ability to 
enhance the care provided by modern medicine. As 
outlined in the National Health Policy, which advocates 
for integrative health practices to meet national goals 
and objectives, plurality is one of the guiding principles 
of the Indian health system.

Panchakarma (five operations of purification), 
Rasayana chikitsa (immune-modulator therapy), 
and Sadvritta (good conductor) are the three main 
Ayurvedic treatments for epidemic conditions27. The 
Rasayana chikitsa is the most popular treatment among 
these. Several substances and herbs have Rasayana-like 
properties. In healthy people, Rasayana may be taken 
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either as a prophylactic medication or as a preventative 
strategy28. Rasayana dravyas like Withania somnifera 
(L.), Tinospora cordifolia, Phyllanthus emblica, 
Andrographis paniculate, Ocimun sanctum, Boerhavia 
diffusa, and Piper longum L are examples.

The Siddha system of medicine is largely practised 
in Tamil-speaking countries and southern India. The 
Ministry of AYUSH of the Indian government released 
therapeutic guidelines for AYUSH practitioners 
to prevent and manage the COVID-19 pandemic, 
including the use of Kabasura kudineer, a polyherbal 
Siddha formulation that has typically been prescribed 

and supplied to treat lyasuram, which is characterized 

by fever and flu-like symptoms29. The combination 

of Zingiber officinale, Phyllostachys longa, Syzygium 

aromaticum, Pyrethrum anacyclus, A. Solanum 

perianth, Coleus amboinicus, Justica adhatoda, 

Ferminalia chebulaassurance alappa, Cyperus rotundus, 

Andrographis pariculata, Cissrpelos pareina, Tinospora 

coridifolia, and Clerodendrum serratum usually 

suggested for prevention and treatment of COVID-19.

Table 1. Effects of Ayurvedic and Siddha herbs on covid 19 and gut microbial alteration 

Sl. 
No. Name of the plant Phytochemicals Effects on Covid 19 

patients

Impact on human 
gut microbiota 
and pathogenic 

opportunistic bacteria

References

1 Withania somnifera (L.) 
(Ashwagandha)

Withanolide I, 
Withanolide-G, 
Withanolide-M, 
Withaferin, 
Withanone

According to one 
duckling study, 
withanolides showed 
a binding affinity 
for PLpro and Spike 
proteins. Withaferin may 
bind to spike proteins, 
interfering with the viral 
S-protein’s ability to 
attach to host receptors 
and inhibiting the release 
of ACE-2 into the lungs. 
Another substance in the 
W. somnifera, withanone, 
docked exceptionally 
effectively in the AEC-2 
complex’s binding 
interface.

Ashwagandha root 
powder may work by 
increasing Lactobacilli and 
decreasing E. coli.

40-44

2 Tinospora cordifolia
(Guduchi)

Berberine, 
Cordioside

Secondary metabolites 
of T. cordifolia exhibit a 
high affinity for blocking 
the primary protease of 
the SARS-COV-2 virus. 
According to a different 
study, six components 
of T. cordifolia may be 
able to prevent the SARs 
CoV-2 protein from 
interacting with the 
human receptor ACE-2 
protein. 

Berberine alters the 
population of intestinal 
bacteria by reducing 
Clostridium cluster XIva 
and Iv

45-47

3 Phyllanthus emblica L
(Amalaki)

PhyllaemblicineG7, 
Piceatannol

The phytochemicals of P. 
emblica (Piceatannol and 
Phyllaemblicine G7) both 
show a high affinity for 
the spike protein. 

It shows antimicrobial 
activity against S. aureus

48,49
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In addition to possessing 
a strong affinity for 
the ACE2 protein, they 
also inhibit the enzyme 
activity of TMPRSS2, 
which cuts the spike 
protein and contributes 
to the development of 
SARS-CoV-2 and MERS 
COV.

4 Glycyrrhiza glabra L
(Mulethi)

Glycyrrhizin, 
tannins, coumarins, 
estrogens, 
phytosterols, 
glycosides, 
glycyrrhizic acid

G. glabra L. has 
demonstrated good 
results in preventing 
SARS-CoV-2 viral 
replication.

Glycyrrhizic acid 
promotes the population 
of Desulfovibrio vulgaris 
and Clostridium sordelli

50,51

5 Asparagus racemosus
(Shatavari)

Asparoside-D,
Racemoside A,
Racemoside C,
Asparoside C,
Asparoside F,
Kaempferol

The phytoconstituents 
(Asparoside-C, 
Asparoside-3, and 
Asparoside F) of 
Asparagus racemosus 
were investigated for 
their ability to inhibit 
SRBD and IN SP15 
endoribonuclease. 
According to the study, 
asparasides C, D, and F 
may have some influence 
on both proteins and 
may also have some 
effect on SARS-COV-2. 
According to a different 
study, the saponins 
Racemoside A and 
Racemoside C interact 
with the S-protein’s RBD 
and prevent it from 
interacting with ACE2. 
By interacting with the 
s-protein, it stops that 
protein from interacting 
with other structural 
proteins.

Kaempferol increases the 
beneficial bacteria such 
as Prevotellaceae and 
Rumninococaceae and 
reduces the richness of 
Proteobacteria 

52-54

6 Andrographis 
paniculate (Bhuineem)

Alkaloids, saponins, 
flavonoids, 
and steroids 
andrographolide

A. paniculate was more 
likely to affect a target 
protein specific to a virus. 
Specifically, 3CL pro 
was examined in silico, 
and the findings were 
supported by in vitro 
research. However, the 
results demonstrated 
that andrographolide’s 
IC50 when inhibiting 3CL 
pro was higher than its 
IC50 when inhibiting the 
formation of infectious 
virions.

Andrographolide 
administration 
significantly increases the 
abundance of beneficial 
intestinal bacteria 
including Lachospiraceae, 
Rumnococcaceae

5,55,56

Table 1. Continued...
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7 Ocimun sanctum L 
(Tulsi)

Flavonoids, 
polyphenol

The findings indicated 
that Tulsi’s flavonoids and 
polyphenolic chemicals 
may be able to covalently 
attach to the primary 
protease’s catalytic 
residue, cys145, and so 
permanently inhibit the 
viral enzyme.

1% of clove powder 
and 3% Tulsi extract 
causes the growth of 
Lactobacillus bacteria

57,58

8 Boerhaavia diffussa L
(Punarnava)

Boeravisterol, 
Boeravinone J, 
boerhavi sterol, 
kaempferol, 
quercetin, trans-
caftaric acid 

Boeravisterol was chosen 
as a remedy because 
the major proteases of 
SARS and MERS share 
structural similarities. 
Comparative docking of 
these ligands was also 
performed on the MERS 
and Mpro, but it was 
shown that the binding 
energies for these targets 
were not conducive to 
spontaneous binding.

Boerhaavia diffussa L. 
shows antimicrobial 
effects against S. aureus, 
B. subtilis, S. faecalis, M. 
lutcus, K. pneumoniae, P. 
vulgaris, Marcescens, and 
S. flexneri

59,60

9 Piper longum L (Pippali) Piperolactam A,
piperlongmine,
piperine, 
piperolactam

A phytoconstituent 
of P. longum called 
piperolactam A is a 
powerful inhibitor of 
s-protein. This inhibitor 
prevents the s-protein 
from adhering to the cell 
surface receptor, which 
prevents viruses from 
attaching to the host.

It shows antimicrobial 
activity against 
Mycobacterium
Piperlongamine shows 
antibiotic properties 
against gram-negative 
bacteria like Klebsiella 
pneumoniae and 
Pseudomonas aeruginosa

61-63

10 Terminalia chebula 
(Haritaki)

Pyrogallol, tannins,
anthraquinone, 
ethaedioic acid, 
glucopyranose, 
terpinenols

The aqueous extract 
of T. chebula may have 
inhibitory effects on the 
SARS-CoV-2’s 3CLpro 
protease activity, 
according to an in-
silico study. Because 
the inhibitor of this 
enzyme activity has the 
potential to prevent viral 
replication within cells, it 
may protect against the 
COVID-19 virus.

The fruit extracts show 
inhibitory activity against 
C. perfringens and E. coli

64-66

11 Curcuma longa L
(Haldi)

Curcumin Curcumin can stop SARS-
COV-2 from entering 
lung cells by interfering 
with the way S-protein 
interacts with ACF-2. This 
shows that curcumin can 
prevent SARs-CoV-2 viral 
entry and reproduction, 
which is also connected 
to the activation of NRF-2 
pathways (nuclear factor 
erythroid-related factor 2).

Curcumin increases 
the abundance 
of Prevotellaceae, 
Bacteroidaceae, and 
Ricknellaceae

67-69

Table 1. Continued...
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12 Embelia ribes Burm 
(Vidang)

Embelin,
Quercetin

Embelin, a significant 
phytoconstituent of E. 
ribes, was investigated in 
the creation of a plant-
based influenza agent 
due to the presence of its 
binding site in the viral 
haemagglutinin RBD. 
Quercetin is a crucial 
polyphenol. Quercetin 
exhibits a variety of 
antiviral effects against 
HCV and H1N1 influenza 
viruses.

Embelin shows significant 
antibacterial activity 
against S. aureus, S. 
pyrogenes, Shigella flexneri, 
Shigella sonnei and P. 
aeruginosa

70,71

13 Adatoda vasica Nees Vascicine, anisotine Increased negative 
binding affinities for C 
and O -glycosides were 
found for HLF-1alpha, 
IL-6, Janus kinase 
1/3, TNF-alpha, and 
TGF-beta in A. vasica’s 
phytoconstituents, which 
are crucial mediators of 
hypoxic inflammation 
and several respiratory 
diseases. Additionally, 
it was found that 
vasicine inhibits the 3 CL 
protease.

Adatoda vasica has an 
inhibitory effect against 
Klebsiella pneumoniae

72,73

14 Phyllanthus amarus 
Schum (Bhumi Amalaki)

Lignans, Phyllanthin, 
Hypophyllanthin, 
Ninphyllin, 
Flavanone, glycoside

When P. amarus root 
extracts were tested in 
vitro for their capability 
to inhibit the HCV-NS3 
protease enzyme, P. 
amarus leaf extract 
showed this ability 
to inhibit NS5B. The 
structures of SARS-CoV-2 
and NS3 protease are 
similar.

Phyllanthin along with 
Norfloxacin as well as 
Ethidium bromide shows 
antimicrobial activity 
against S. aureus

74-76

15 Zingiber officinale 
(Chukku)

Zingiberene,
zingerone,
gingerenone,
gingerol

In this computer 
simulation study, the 
main phytochemical in 
ginger interacts with the 
human ACE-2 protein 
and the RBD of the 
COVID-19 spike protein 
at their active locations 
to provide antiviral 
properties and prevent 
the propagation of 
COVID-19 sickness.

The ginger juice enhances 
the growth of Firmicutes 
to Bacteroidetes ratio, 
Proteobacteria, and 
Faecalibacterium. 
Decrease of Prevotella 
to Bacteroidetes ratio, 
Rumnicoccus bacteria

77,78

Table 1. Continued...
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7. Result

7.1  Effects of Ayurveda and Siddha 
Medicinal Plant Extracts on the Diversity 
of Gut Microbiota and Antimicrobial 
Effects

Ayurveda and Siddha medicine is taken in the form 
of formulation (mixture of various plant extracts) and 
basically, it is used for the prevention of COVID-19 
infection during the time of lockdown in India. The 
Department of AYUSH clearly instructed that people 
should consume Kadha, a mixture of Ayurvedic/
Siddha formulations, during the first COVID wave in 
India. Immunity plays a great role in the severity of 
COVID-19, the main aim of taking the Ayurvedic/Siddha 
formulation is to boost our immunity. Many states like 
Kerela used Ayurveda and conventional medicine, 
to reduce the severity of COVID-19 infections. As 
described previously almost all the medicinal herbs used 
in Ayurveda and Siddha medicine are effective against 

COVID-19 viruses. The plant extracts also enhance 
the growth of beneficial gut microbiota and inhibit the 
growth of pathogenic, opportunistic bacteria. Probiotic 
bacteria like Lactobacillaceae, Desulfovibrionace, 
Lachnospiraceae, Ruminococcaceae, Prevotellaceae, 
Bacteroidaceae, Rikenellaceae, Porphyromonadaceae 
and Oxalobacteraceae (Table 1).

Ayurveda and Siddha medicinal herbs show 
antimicrobial activity against Clostridium perfringen, 
S. aureus, S. faecalis, M. lutcus, K. pneumoniae, Shigella 
flexneri, Pseudomonas aeruginosa, Prevotella to 
Bacteroidetes, Rumnicoccus, Actinobacteria, S. sanguis, 
S. aureus and P. aeruginosa (Table 1).

7.2  The Phyto Constitute of Ayurveda and 
Siddha Medicine Altered the Gut Barrier 
Functions

The intestine is the inhabitants of the human gut 
microbiome and the diversity and the population of gut 
microbiome depend on the intestinal mucosal barriers. 

16 Syzygium aramaticum 
(Lavangam)(Clove)

Eugenol Along with Eucalyptus 
globulus, Cymbopogon 
citratus, and Zingiber 
officinale, clove is 
presently used as a 
medicinal plant to 
prevent and treat the 
SARs-CoV-2 linked 
sickness.

Eugenol along with 
other Phyto constitute a 
lower Escherichia-Shigella 
ratio and Campylobacter 
population

28,79

17 Tragia involucrate 
(Sirukaanjuriven)

Costunolide, iridin, 
quercetin,
orientin

This is because plant 
extract is a component 
of Siddha medication. 
When tested against the 
viral spike glycoprotein, 
the Siddha medication 
formulation displayed 
encouraging results.

Quercetin enhances 
the population of 
gut microbiota like 
Porphyromonadaceae, 
Oxalobacteraceae
 and reduces the 
populations of 
Actinobacteria

80,81

18 Anacyclus pyrethrum 
(Agragaram)

Alkaloids, tannins,
flavonoids, 
coumarins

Anti-inflammatory and 
antioxidant activities 
can be seen in water-
soluble polysaccharides 
extracted from Anacyclus 
pyrethrum root extract.

Methanol extract of 
A pyrethrum shows 
antimicrobial activity 
against S. sanguis, S. 
aureus and P. aeruginosa

82,83

19 Solanum erianthum 
(Karimulli)

Astorvosides, 
neosolaspigenin-6-0 
aminopyrans

Infections with the 
human herpes virus type 
1, influenza viruses A and 
B, viral hepatitis, and HIV 
have all been successfully 
treated using Solanum 
erianthum.

The water acetone and 
water-ethanol extracts 
of S. torvum show the 
highest antimicrobial 
activity against B. cereus, 
LMG

84,85

Table 1. Continued...
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The composition and activities of the tight junction 
proteins (Occludin, Zo-1, and Claudin) are crucial 
for intestinal barrier function. Intestinal permeability 
and the microbial composition of the gut are mostly 
maintained by tight junctions30. Under pathological 
conditions, the structure and the function of the tight 
junction will be altered. This will cause the loss of 
homeostasis of the species. The phytochemicals found 
in Ayurvedic and Siddha remedies primarily enhance 
tight junction protein concentration, epithelial cell 
structure, colonic epithelial barrier repair, and gut 
microbial diversity (Table 2).

7.3 Mechanisms of Action 
7.3.1 Modulation of ACE-2 Receptors
The extracts potentially interfere with the ACE-
2 receptors, which are the entry points for the 

SARS-CoV-2 virus into host cells. This modulation can 
reduce the virus’s ability to infect the host.

7.3.2 Reduction of Pro-inflammatory Cytokines

Consumption of these medicinal plant extracts has been 
associated with reduced levels of pro-inflammatory 
cytokines (e.g. IL-6, TNF-alpha, IL-1beta), which are 
typically elevated in severe COVID-19 cases. This anti-
inflammatory effect is crucial in managing the severe 
inflammatory response seen in COVID-19 patients.

7.3.3 Direct Interaction with Viral Components

Some phytochemicals exhibit a high binding affinity 
for viral proteins, inhibiting the virus’s ability to attach 
and enter host cells. For example, Withanolides from 
Ashwagandha bind to spike proteins and ACE-2 

Table 2. The effects of Phyto constitute of Ayurvedic and Siddha herbs on the gut barrier functions 

Sl. No. Name of the medicinal 
plants 

The name of the 
Phyto constitutes Effects on gut barriers functions References

1 Withania somnifera Ashwandhanoilide Modulates intestinal gut permeability and 
intestinal absorption.

86

2 Tinospora cordifolia Berberine Increases the ZO-1 and occuludin. 87

3 Glycyrrhiza glabra L Glycyrrhic acid Increases the ZO-1 and occuludin. 87

Diammonium 
glycyrrhizinate 

Encourages the expression of the proteins 
that make up tight junctions (Claudin, 
Occludin, and Zo-1).

88

4 Asparagus racemosus, 
Syzygium aramaticum

Kaempferol Assembles tight junction proteins (Zo-1, 
Zo-2, Occludin, Claudin-1, Claudin-3, and 
Claudin-4) to improve intestinal barrier 
function.

89

5 Embelia ribes Burm, 
Asparagus racemosus, 
Syzygium aramaticum 
Tragia involucrate 

Quercetin Enhancing the production of the Zo-2 
occludin and claudin-1 protein.

90

6 Ocimun sanctum L. Thymol Increase the expression of critical tight 
junction proteins to preserve barrier 
function.

91

7 Terminalia chebula Ellagic acid Regulates mucin secretion and maintains the 
tight junction function integrity.

92

8 Curcuma longa L. Curcumin Increases ZO-1, Occludin, and Claudin-5 
protein expression.

93

9 Curcuma longa L. Eucalyptol Occludin-1 and Zo-1, two tight junction-
associated proteins, had their induction 
reversed.

94

10 Zingiber officinale Ginsenoside Ensuring that the TJ multiprotein complex 
remains properly assemble.

95

11 Syzygium aramaticum Eugenol Improves the barrier function. 96
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receptors, potentially blocking the virus’s entry into 
cells.

Andrographolide from Andrographis paniculata 
shows inhibition of the main protease (3CLpro) of 
SARS-CoV-2, which is crucial for viral replication .

7.3.4 Anti-inflammatory Effects
Consumption of these medicinal plants also reduces 
the expression of pro-inflammatory cytokines such 
as TNF-alpha, IL-6, and IL-1beta, which are elevated 
in COVID-19 patients. For instance, Lactobacillus 

mucosae and Lactobacillus rhamnosus decrease the 
expression of these cytokines, thereby mitigating 
inflammation  .

7.3.5 Immune Modulation

The extracts promote the production of regulatory T 
cells (Tregs), which play a critical role in controlling 
the immune response and preventing the progression 
of COVID-19 from mild to severe stages. For example, 
F. prausnitzii and Bifidobacterium longum enhance 

(a)

(b)
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the production of Tregs, contributing to a balanced 
immune response  (Figure 1a,1b, 1c and 1d).

8. Discussion

About one out of every three SARS-COV-2 patients 
who are in critical or severe circumstances will 
develop a severe, life-threatening case of ARDS31. 
It is proven that bacterial dysbiosis is found after 

COVID-19 infection along with loss of intestinal 
barrier function20. The bacteria enter the bloodstream, 
travel through the circulation to different host tissues 
or organs, and ultimately set off a chain reaction 
of inflammatory factors that develop into severe 
sepsis and result in ARDS89. The first organ to suffer 
damage following bacterial translocation is the lung, 
demonstrating that intestine infection is what causes 
acute lung injury. Acute Respiratory Distress Syndrome 

Figure 1. The mechanism through which Phyto consists of Ayurvedic and Siddha 
medicinal plants regulates SARS-COV-2 infections by modulating human gut 
microbiota. (a). Effects of Phyto constitutes of Ayurvedic and Siddha herbs on ACE-
2 receptors. (b). Effects of Phyto constitutes of Ayurvedic and Siddha herbs on gut 
barrier functions. (c). Effects of Phyto constitute on pathogenic micro-organisms. 
(d). Effects of Phyto constitutes of Ayurvedic and Siddha herbs on probiotic bacteria.

(c)

(d)
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(ARD) patients in clinical trials have greater intestine 
bacterial levels in bronchoalveolar lavage fluid, which 
is proportional to the level of systemic inflammation32. 
As mentioned in Table 2 the phytoconstituent of 
Ayurveda and Siddha herbs maintain the tight 
junction-associated protein and decrease the gut wall 
permeability enhancing the probiotic population. The 
probiotic bacteria populations like Faecalibacterium, 
Ricknellaceae, Lactobacillus and Lachnospiraceae, may 
be enhanced after the consumption of Ayurveda and 
Siddha medicinal plant extract consumption (Table-1). 
The COVID-19 infection is marked by systemic 
inflammation and multiple organ failure. The level of 
interleukins (IL-2, IL-7, IL-10), G-CSF, MCP-1, and 
TNF-alpha among other inflammatory mediators was 
observed to be higher in critically ill individuals33. 
Intake of both Lactobacillus mucosae and Lactobacillus 
rhamnosus also reduced the expression of tumor 
necrosis factors alpha, IL-beta, MCP-1, and IL-834. 
Consumptions of F. prausnitzii and B. longum induce 
the Foxp3 and T reg cell production35. According to 
one study, the introduction of T-reg cells may help to 
prevent COVID-19 disease from progressing from 
mild to severe and even treat severe patients. Regs 
can inhibit a variety of immune cells, including CD8+, 
CD4+, T cells, monocytes, and B cells, controlling 
undesirable immune responses at various stages of 
transplant, allergy, and autoimmune rejection36. 
COVID-19 infections are associated with increases in 
proinflammatory cytokines like IL-6, TNF-alpha, IL-
1beta, and IL-1794 of Ruminococcus species that inhibit 
the secretions of TNF-alpha38. Lachnospiraceae reduces 
the secretion of proinflammatory cytokines(96). 
As prescribed herbal supplementation is given as 
a preventive measure or along with conventional 
therapy. Previously we have discussed P. aeruginosa 
and K. pneumoniae infections are very common during 
SARS-CoV-2 infections. Maybe the co-infections cause 
different organ failure, and multiorgan failure and 
increase the duration of hospital stay(25,26). Ayurvedic 
and Siddha medicinal plant supplementation have 
shown antimicrobial activity against Pseudomonas 
aeruginosa and K. pneumoniae (Table 1).

9. Conclusion

By blocking the enzyme activity of TMPRSS-2, which 
has a strong binding affinity to ACE2 protein and 
Mpro (Main proteases), ACE-RBD-interface, Nsp-15 
endoribonuclease, RBD complex, and CL protease, 
medicinal plants used in Ayurvedic and Siddha medicine 
directly lower COVID infections. Additionally, the 
phytochemicals strengthen the gut barrier functions 
and proteins while repopulating the gut bacteria. The 
probiotic bacterial population may grow as a result of 
the phytoconstituents, which lowers the concentration 
of proinflammatory cytokines. Overall, we can say 
that the medicinal plant extracts used in Ayurveda 
and Siddha may lessen the severity of SARS-CoV-2 
infections. Direct investigation may provide additional 
in-depth illumination in this area.

10. Need for Further Studies

While our findings suggest that Ayurveda and Siddha 
plant extracts benefit gut microbiota and improve gut 
barrier integrity, further research is essential to validate 
and expand upon these results. Rigorous clinical trials 
are necessary to confirm the efficacy and safety of these 
plant extracts in COVID-19 patients. Mechanistic 
studies should investigate the exact pathways through 
which these extracts modulate gut microbiota and 
enhance gut barrier function. Additionally, the long-
term impact of these extracts on gut health and immune 
function, including potential side effects, needs to be 
examined. Comparative studies are needed to identify 
the most effective formulations and standardize 
treatment protocols. Research should also include 
diverse populations to understand the generalizability 
of the findings. Exploring the synergistic effects of these 
extracts when combined with conventional COVID-19 
treatments can provide insights into integrated 
treatment approaches. Advanced gut microbiome 
analysis using next-generation sequencing techniques 
will help comprehensively characterize the changes 
in microbial communities. Addressing these areas 
through further research will build a robust evidence 
base to support the use of Ayurveda and Siddha 
plant extracts in managing COVID-19, ultimately 
contributing to the development of effective integrative 
treatment strategies.
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