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Chapter 11 
Therapeutic Potential of Selected Medicinal 
Plants for Neurological Disorders after 
the Infection of COVID-19 

Ravindra Verma , Prakash S. Bisen , and Mònica Bulló 

11.1 Introduction 

World Health Organization statistics indicate that 14% of the global disease burden 
is caused by neurological disorders, and 85% of global deaths are caused by 
cerebrovascular diseases. Lower-middle-income countries have a higher death rate 
(16.8%) than high-income countries (13.2%) (https://www.who.int/mental_health/ 
neurology/neurological_disorders_report_web.pdf). WHO also stated that COVID-
19-related mental health system upheavals are mostly affecting preexisting mental 
health issues (Lancet 2020). According to a United Nations study, COVID-19 
affects more than one in ve people mentally and is associated with a number of 
neurological disorders (Brief 2020). The mechanism behind the evolution of SARS-
CoV-2, which causes the severe acute respiratory syndrome, is unclear. Several of 
the claims are based on research conducted at Wuhan University, and others are 
based on ecological evidence (Boni et al. 2020; Xiao et al. 2020; Lam et al. 2020; 
Latinne et al. 2020). Several neurological disorders have been reported in patients 
infected with the SARS-CoV-2 virus, including heart, liver, and brain infections 
(Karuppan et al. 2021). Blood clotting and cytokine storms in the peripheral and
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central nervous systems are responsible for a number of these neurological disorders 
(Fotuhi et al. 2020). SARS-CoV-2 may cause neuroinvasive respiratory disease in 
COVID-19 patients who exhibit respiratory failure (Sellner et al. 2020). In the nasal 
mucosa, lamina cribrosa, and olfactory bulb, as well as retrogressive axonal move-
ment, ACE-2 receptors enable SARS-CoV-2 entry into the central nervous system 
(Hartung and Aktas 2020). The high levels of angiotensin II observed in COVID-19-
infected patients are associated with several disorders, including vasoconstriction, 
kidney failure, heart disease, apoptosis, and oxidative stress, all of which accelerate 
aging and lead to cognitive decline (Vidrio et al. 2022; Elrayess et al. 2022; 
Amezcua-Guerra et al. 2022). There are a number of biomarkers associated with 
COVID-19, including interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-7 (IL-7), 
granulocyte colony-stimulating factor (GCSF), and tumor necrosis factor-alpha 
(TNF-alpha) (Azizi Jalilian et al. 2022; Chaumont et al. 2020). The exact mecha-
nisms responsible for coronavirus entry into the nervous system are unknown 
(Susilawathi et al. 2021).
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Several patients have reported blood clots in their brains and multiple organs as a 
result of COVID-19 infection. This protocol does not specically treat neurological 
disorders associated with COVID-19 infection (Tang et al. 2021). In this study, 
herbs were examined for their potential to aid the early recovery of COVID-19 
patients from neurological disorders. The discovery of new drugs for infectious 
diseases, such as cancer, kidney and heart disease, and neurological disorders, can be 
attributed to nature and its derivatives. Plant derivatives are thought to contribute to 
early recovery. It is critical to identify potential drugs from traditional medicines 
without harming nature’s database. Scientists must rethink and rearrange nature’s 
database compassionately. More than 50 million people are suffering from dementia, 
a neurological disease associated with aging (https://www.alz.co.uk/research/ 
WorldAlzheimerReport2019.pdf). In addition to ensuring that the elderly and corona 
warriors maintain social distance, it is also critical to provide mental health and 
psychosocial support (Wang et al. 2020). According to COVID-19 data in Wuhan, 
fatigue (63%), sleep disorder (26%), and anxiety/depression (13%) were the most 
commonly reported disorders (Nalbandian et al. 2021). 

11.2 Methodology 

In this study, we reviewed the available literature related to the clinical and neuro-
pathological ndings of COVID-19 patients. This study examined specic herbs 
associated with neurological complications observed in patients with SARS-CoV-2 
infection and afterward. PubMed, MEDLINE, Scopus, EMBASE, Google Scholar, 
EBSCO, Web of Science, Cochrane Library, WHO database, and ClinicalTrials.gov 
were searched for the neuroprotective potential of herbs for post-COVID-19 
patients. For Boolean search, the terms are herbs and neuroprotective potential, 
post-COVID-19 symptoms, etc. Assessing the pathobiological mechanisms



involved in neurological complications associated with COVID-19 using bio-
markers that indicate an immune response to SARS-CoV-2. 
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11.3 Discussion 

Studies have been done on COVID-19 and post-COVID-infected patients (Leach 
et al. 2021). Unfortunately, there is no scientic evidence proving the effectiveness
of herbs in treating neurological disorders in COVID-19 patients. However, there are 
widely recognized literature about the use of herbal drugs in many neurodegenera-
tive disorders and cerebrovascular accidents (Ding and He 1986; Akhondzadeh 
2007; Wu et al. 2010; Makkar et al. 2020). The most common drug for treating 
Parkinson’s disease is Leva-dopa, which is found in the seeds of the Mucuna 
pruriens plant (Katzenschlager et al. 2004). It is expected that the ndings of this 
study will have a signicant impact on the management of COVID-19 patients and 
post-COVID patients. Some neurological disorders like migraine headaches, loss of 
smell, etc., might be cured by the use of herbal remedies (Sen 2020). 

11.3.1 Neurological Disturbances in COVID-19 Patients 

The majority of people with COVID-19 infections experience neurological symp-
toms such as muscle pain, headaches, confusion, dizziness, and loss of taste and 
smell (Koralnik and Tyler 2020; Acharya et al. 2020; Liguori et al. 2020). In a study 
of 236,379 patients with COVID-19 disease, 14 neurological and psychiatric disor-
ders were observed in six months, including intracranial hemorrhage (0.56%), 
ischemic stroke (2.10%), parkinsonism (0.11%), Guillain-Barré syndrome 
(0.08%), nerve, nerve root, and plexus disorders (2.85%), myoneural junction and 
muscle disease (0.45%), encephalitis (0.10%), dementia (0.67%), mood disorder 
(13.66%), anxiety disorder (17.39%), psychotic disorders (1.40%), substance use 
disorder (6.58%), and insomnia (5.42%) (Taquet et al. 2021). The neurological 
symptoms of patients who have a higher risk of neurological disorders due to 
COVID-19 are described in Table 11.1 and Fig. 11.1. 

11.4 Immune Response and Brain 

An inherent immune response exists in the central nervous system (CNS). A CNS
response to infection or disease involves an innate immune reaction. Several types of 
injuries to the CNS system are observed, including acute injuries (mechanical 
trauma, strokes, etc.), chronic neurodegenerative diseases (multiple sclerosis, 
Alzheimer’s, etc.), brain tumors (gliomas), and infections (HIV, E. coli, etc.)



(Lampron et al. 2013). During the course of SARS-CoV-2 infection, the endothe-
lium is able to detect circulating IFN type 1 signaling and thus limit the entry of 
SARS-CoV-2 into the central nervous system (Iadecola et al. 2020). In terms of 
stress and neurological disorders, nuclear factor erythroid 2-related factor 2 (Nrf2) is 
a dominant biomarker (Johnson and Johnson 2015). Study results suggest that 
deregulation of the NF-κB pathway may modulate T cell activation, which may 
lead to autoimmune and inammatory responses. It is the activation of CD4+ 

T-helper cells that is the main feature of inammation (Guisado-Vasco et al. 
2020). In pathogenic diseases, immune response promotes the development of 
macrophages, dendritic cells, and proinammatory cytokines (IL-1, IL-6, IL-12, 
and tumor necrosis factor-α) (Zhang et al. 2017a). Parkinson’s disease (PD) is 
related to immune responses in the central nervous system (Su and Federoff 
2014). The presence of CD4+ and CD8+ T cells is a strong immune response
biomarker associated with PD. Researchers have observed that regulatory T cells 
(Tregs) in PD patients are less effective in suppressing effectors T cells (Saunders 
et al. 2012). 
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Table 11.1 Neurological patients at higher risk due to COVID-19 

S. No. Name of disease COVID-19 effects Reference 

1 Alzheimer’s disease and 
related dementias (ADRD) 

Mental hygiene, trauma, 
and stigma 

Brown et al. (2020) 

2 Parkinson’s disease (PD) Mitochondrial dysfunc-
tion, proteostasis, lipid 
metabolism, and stress 
responses 

Gonzalez-Latapi et al. 
(2021) 

3 Motor neuron disease 
(pwMND) 

Proximal muscle weak-
ness of acute or subacute 
onset and high creatine 
kinase levels 

Barp et al. (2021) 

4 CNS disorder with reduced 
mobility or immobility 

Movement disorders, 
frontal syndrome, 
brainstem impairment 

Lambrecq et al. (2021) 

5 Neuromuscular disorder 
with reduced mobility and 
compromised respiratory 
function 

Exacerbation, ventilatory 
muscle weakness, or 
cardiomyopathy 

Tseng and Chen (2021) 

6 Autoimmune condition 
(a) Multiple sclerosis 
(b) Neuromyelitis optica 

spectrum disorder 
(c) Myasthenia gravis 
(d) Guillain-Barre syn-

drome 
(e) Chronic dysimmune 

neuropathies 

(a) Comorbidities, obe-
sity, and black/African 
ancestry 

(b) Vomiting and hic-
coughs (area postrema 
syndrome) 

(c) Diaphragmatic task 
failure 

(d) Presence of Cam-
pylobacter jejuni 

(e) – 

Reder et al. (2021), Ghosh 
et al. (2021), Galassi and 
Marchioni (2021), Vogrig 
et al. (2021), Younger 
(2021)
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Fig. 11.1 Neurological symptoms in COVID-19 patients 

Amyloid-β directly activates microglia in Alzheimer’s disease (AD) through the 
NALP3 inammasome pathway and production of IL-1β. In Alzheimer’s disease, 
amyloid-β directly activates microglia through the NALP3 inammasome pathway 
and production of IL-1β. This may intensify neurodegeneration (Fuhrmann et al. 
2010; Masters and O’Neill 2011). Pathologic inammation in the CNS is integral to 
diseases like multiple sclerosis (MS), AD, PD, stroke, and traumatic brain injury 
(Ransohoff and Brown 2012). 

11.4.1 Evidence of Clinical Trials for Neurological Disorders 
in COVID-19 Patients 

The clinical trial of patients with neurological symptoms concluded that altered 
mental status (42%), headache (42%), central (21%), and peripheral weakness 
(32%). For mild to critical COVID-19 patients, increases in NfL protein, total tau, 
and GFAp levels were observed in 63%, 37%, and 16% of patients, respectively 
(Virhammar et al. 2021). A study that examined the neurological manifestations of 
901 patients found encephalopathy, Guillain-Barré syndrome, and stroke to be the 
most prevalent disorders among COVID-19 patients (Ellul et al. 2020). Figures 11.2 
and 11.3 show the effects of cytokine strokes on the brain and neurological disorders 
associated with COVID-19. 

A study found some COVID-19 neurological patients exhibit SARS-CoV-2 in the 
central nervous system, while others do not (Mitra et al. 2022). The eight drugs 
(hydroxychloroquine, baricitinib, ruxolitinib, remdesivir, tocilizumab, lopinavir/



ritonavir, favipiravir, and azithromycin) were tested for penetrating capacity in a 
well-tolerated brain, and hydroxychloroquine and baricitinib were found to be most 
likely to penetrate the brain (Richardson et al. 2020). COVID-19-infected patients’ 
MRI studies conrm abnormalities in the cerebral parenchyma (Nuzzo et al. 2021). 
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Fig. 11.2 Cytokine storm 
effects on the brain 

Fig. 11.3 Neurological disorders reported occurring with COVID-19
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11.4.2 Herbs for Neurological Disorders 

Traditionally, Bacopa monnieri Linn. is used as a biomedicine for treating neuro-
logical disorders and psychiatric disorders (Russo and Borrelli 2005). No clinical 
studies have been conducted on the effects of Bacopa monnieri on the improvement 
of memory in healthy adults and older adults with age-related memory problems. 
Bacopa monnieri and its bioactive components have shown neuroprotective prop-
erties in reducing ROS, neuroinammation, aggregation, inhibiting amyloid-β and 
improving cognitive abilities (Dubey and Chinnathambi 2019; Abdul Manap et al. 
2019). The treatment of Alzheimer’s disease has been reported in a few studies, but 
no studies have examined Bacopa monnieri alone in patients with depression 
(Brimson et al. 2021). Scientists have supported Mucuna pruriens as a treatment 
for PD, but the most common Parkinson’s drug is Leva-dopa, which is abundant in 
Mucuna pruriens (Fothergill-Misbah et al. 2020; Cassani et al. 2016; Cilia et al. 
2018; Khazdair et al. 2021). Mucuna pruriens treated Parkinson’s patients show 
positive effects (https://clinicaltrials.gov/ct2/show/NCT02680977). 

Withania somnifera is a neuroprotective herb. Withanone extracted from 
Withania somnifera inhibits amyloid β-42 and modulates proinammatory cytokines 
(Pandey et al. 2018; Dar et al. 2017; Kuboyama et al. 2014; Lopresti and Smith 
2021). The main phytocompounds in Withania somnifera are sitoindoside VII–X, 
withaferin A, withanosides IV, withanols, withanolide A, withanolide B, anaferine, 
beta-sitosterol, and withanolide D. These compounds are effective in treating anxiety 
disorders, Alzheimer’s, Parkinson’s, schizophrenia, Huntington’s disease, dyslexia, 
depression, autism, addiction, amyotrophic lateral sclerosis, attention decit hyper-
activity disorder, and bipolar disorders (Zahiruddin et al. 2020). Table 11.2 shows 
the herbs commonly used in neurological disorders with their biomarkers for 
immune response to diseases. 

A recent survey shows that 61.9% of herbal treatments and 25.3% of herbal-drug 
combinations are used by COVID-19 patients with mental illness or psychiatric 
issues (Alonso-Castro et al. 2021). Study outcomes have not been published for 
herbal treatments for neurological disorders in COVID-19 patients. An ongoing 
clinical trial on “Functional Assessment of Ashwagandha Root Extract during 
Weight Loss” evaluates the effect of Ashwagandha root extract capsule on nervous 
system disease (ClinicalTrials.gov identier, NCT03112824) (https://www. 
clinicaltrials.gov/ct2/show/NCT03112824). Nuclear factor erythroid 2-related factor 
2 (Nrf2) is a dominant biomarker for stress and associated neurological disorders. 
The combination of drugs (carnosol, withaferin A, and luteolin), rosemary, 
ashwagandha, and sophora japonica is undergoing a clinical trial (https:// 
clinicaltrials.gov/ct2/show/NCT04638387). The study reported neuroprotective 
effects of ethanolic extract of Acorus calamus (Shukla et al. 2002). In Ayurveda, 
roots and rhizomes of the plant are used for the treatment of epilepsy, neurosis, 
insomnia, and other diseases (Vohora et al. 1990; Martis et al. 1991). An Acorus 
calamus leaf extract modulates the characteristics of interleukin-8 (IL-8), (IL-6), 
RNA protein level, and interferon regulatory factor 3 (IRF3), as well as nuclear



324 R. Verma et al.

T
ab

le
 1
1.
2 

H
er
bs
 u
se
d 
in
 n
eu
ro
lo
gi
ca
l 
di
so
rd
er
 a
nd

 th
ei
r 
bi
om

ar
ke
r 
fo
r 
th
e 
im

m
un

e 
re
sp
on

se
 a
ga
in
st
 d
is
ea
se
s 

S
. N

o.
 

H
er
bs

Im
po

rt
an
t 
ph

yt
oc
he
m
ic
al
s

B
io
m
ar
ke
rs
 r
el
at
ed
 to

 im
m
un

e 
re
sp
on

se
 

N
eu
ro
lo
gi
ca
l 
ef
fe
ct
s 

1
A
co
ru
s 
ca
la
m
us
 

(B
ac
h)
 

G
al
lo
yl
qu

in
ic
 a
ci
d,
 B
ac
op

as
id
e 
II
I 
an
d 

B
ac
op

as
id
e,
 α
-a
sa
ro
ne
 a
nd

 β
-a
sa
ro
ne
 

(t
ra
ns
 a
nd

 c
is
 f
or
m
s,
 r
es
pe
ct
iv
el
y,
 o
f 

2,
4,
5-
tr
im

et
ho

xy
1-

pr
op

en
yl
 b
en
ze
ne
) 

ac
or
en
on

e,
 i
so
-a
co
ro
ne
, (
Z
)-

se
sq
ui
la
va
nd

ul
ol
 a
nd

 d
eh
yd

ro
xy

 
is
oc
al
am

en
di
ol
 a
co
fu
ra
n,
 a
 

se
sq
ui
te
rp
en
oi
d,
 c
ou

m
ar
in
e,
 s
ap
on

in
, 

as
am

yl
 a
lc
oh

ol
, m

et
hy

l 
eu
ge
no

l, 
ca
la
m
en
ol
, α

-
pi
ne
ne
, a
co
ri
ne
, 

ac
or
et
in
e,
 l
uc
en
in
, a
co
ra
di
n 
(Y

en
de
 

et
 a
l. 
20

08
) 

N
itr
ic
 o
xi
de
, i
nt
er
le
uk

in
-2
 (
IL
-2
),
 a
nd

 
tu
m
or
 n
ec
ro
si
s 
fa
ct
or
-a
 (
T
N
F
-a
) 

(M
eh
ro
tr
a 
et
 a
l. 
20

03
) 

C
N
S
 d
ep
re
ss
an
t, 
an
tic
on

vu
ls
an
t, 
an
ti-

sp
as
m
od

ic
, h

yp
ol
ip
id
em

ic
, i
m
m
un

o-
su
pp

re
ss
iv
e,
 a
nt
i-
in

am

m
at
or
y,
 

cr
yo

pr
ot
ec
tiv

e,
 a
nd

 a
nt
io
xi
da
nt
 

(R
aj
pu

t 
et
 a
l. 
20

14
) 

2
A
sp
ar
ag

us
 

ra
ce
m
os
us
 

(S
ha
ta
va
ri
) 

S
ha
ta
va
ri
ns
, s
ar
sa
sa
po

ge
ni
n,
 q
ue
rc
et
in
, 

ru
tin

 (
qu

er
ce
tin

 3
-O

-r
ut
in
os
id
e)
 a
nd

 
hy

pe
ro
si
de
 (
qu

er
ce
tin

 3
-O

-g
al
ac
to
si
de
),
 

qu
er
ce
tin

 3
-g
lu
cu
ro
ni
de
, f
er
ul
ic
, 

ca
ff
ei
c,
 a
nd

 c
hl
or
og

en
ic
 a
ci
ds
 

(S
ri
va
st
av
a 
et
 a
l. 
20

18
) 

S
ig
ni

ca
nt
 i
nc
re
as
e 
of
 C
D
3
+
 a
nd

 C
D
4
 / 

C
D
8
+
 , p

er
ce
nt
ag
es
 e
ff
ec
t o

n 
T
 c
el
l 
ac
ti-

va
tio

n.
 S
ig
ni

ca
nt
 u
pr
eg
ul
at
io
n 
of
 T
h1

 
(I
L
-2
, I
F
N
-g
) 
an
d 
T
h2

 (
IL
-4
) 
cy
to
ki
ne
s 

su
gg

es
tin

g 
its
 m

ix
ed
 T
h1

/T
h2

 a
dj
uv

an
t 

ac
tiv

ity
 (
G
au
ta
m
 e
t a
l. 
20

09
) 

A
nt
id
ep
re
ss
an
t 
ac
tiv

ity
 (
M
ee
na
 e
t 
al
. 

20
11

) 

3
B
ac
op

a 
m
on

ni
er
i 

(B
ra
hm

i)
 

D
am

m
ar
an
e-
ty
pe
 t
ri
te
rp
en
oi
d 
sa
po

ni
ns
 

w
ith

 j
uj
ub

og
en
in
 a
nd

 
ps
eu
do

ju
ju
bo

ge
ni
n 
as
 t
he
 a
gl
yc
on

es
 

in
cl
ud

in
g 
ba
co
si
de
s 
A
1-
A
3,
 b
ac
op

a 
sa
po

ni
ns
 A

-G
 a
nd

 b
ac
op

as
id
es
 I
–V

 
(S
ha
hi
d 
et
 a
l. 
20

17
) 

T
N
F
-α
 a
nd

 I
L
-6
 f
ro
m
 a
ct
iv
at
ed
 N

9 
m
ic
ro
gl
ia
l c
el
ls
, c
as
pa
se
 1
 a
nd

 3
, m

at
ri
x 

m
et
al
lo
pr
ot
ei
na
se
-3
 (
N
em

et
ch
ek
 e
t 
al
. 

20
17
) 

A
lz
he
im

er
’s
 a
nd

 S
pi
no

ce
re
be
lla
r 

at
ax
ia
 

(S
C
A
) 
(J
ey
as
ri
 e
t 
al
. 2

02
0)
 

4
B
lu
m
ea
 b
al
sa
m
if
er
a 

(N
ga
i 
ca
m
ph

or
) 

l-
bo

rn
eo
l, 
10

-e
pi
-γ
-e
ud

es
m
ol
, 

γ-
eu
de
sm

ol
, β

-e
ud

es
m
ol
, α

-e
ud

es
m
ol
, 

lim
on

en
e,
 l-
ca
m
ph

or
, p
al
m
iti
c 
ac
id
, a
nd

 
d-
ca
m
ph

or
 (
P
an
g 
et
 a
l. 
20

14
) 

L
P
S
-i
nd

uc
ed
 R
A
W
26

4.
7 
ce
lls
 b
y 

de
cr
ea
si
ng

 a
ct
iv
ity

 o
f 
T
L
R
4-
N
F
-κ
B
 

si
gn

al
in
g 
pa
th
w
ay
 a
nd

 i
nh

ib
iti
ng

 
N
L
R
P
3 
in

am

m
as
om

e 
ac
tiv

at
io
n 
(L
ia
o 

et
 a
l. 
20

21
) 

Im
pr
ov

e 
dr
ug

s 
de
liv

er
y 
to
 t
he
 b
lo
od

– 
br
ai
n 
ba
rr
ie
r 
in
 t
he
 c
en
tr
al
 n
er
vo

us
 

sy
st
em

 (
Z
ha
ng

 e
t a
l. 
20

17
b)



(c
on

tin
ue
d
)

5
C
an

na
bi
s 
(B
ha
ng

)
r

9
-t
et
ra
hy

dr
oc
an
na
bi
no

l, 
r

8
-t
et
ra
hy

-
dr
oc
an
na
bi
no

l, 
ca
nn

ab
in
ol
, a
nd

 
ca
nn

ab
id
io
l 
(A

sh
to
n 
20

01
) 

IF
N
-γ
 p
ro
du

ci
ng

 C
D
8+

 T
 c
el
ls
, g

ly
co
-

ge
n 
sy
nt
ha
se
 k
in
as
e 
3β
 (G

S
K
-3
β)
 

hy
pe
rp
ho

sp
ho

ry
la
tio

n 
ca
us
ed
 b
y 
A
β 

(N
ic
ho

ls
 e
t 
al
. 2

02
1;
 L
i e
t 
al
. 2

02
0)
 

E
pi
le
ps
y 
an
d 
A
lz
he
im

er
’s
 d
is
ea
se
 

(H
os
am

i 
et
 a
l. 
20

21
) 

6
C
en
te
ll
a 
as
ia
ti
ca
 

(M
an
do

ok
pa
rn
i 
or
 

G
ot
u 
ko

la
) 

tr
ite
rp
en
oi
d 
sa
po

ni
ns
, a
si
at
ic
os
id
e,
 a
si
-

at
ic
 a
ci
d,
 m

ad
ec
as
si
c 
ac
id
, a
gl
yc
on

es
, 

sa
po

ni
ns
-a
si
at
ic
os
id
e 
B
, b

ra
hm

in
os
id
e,
 

ce
nt
el
lo
si
de
, i
nd

ce
nt
el
lo
si
de
, t
ha
nk

un
i 

si
de
, i
so
th
an
ku

ni
si
de
,b

ra
ha
m
ic
 a
ci
d,
 

be
tu
lic
 a
ci
d 
an
d 
al
ka
lo
id
 h
yd

ro
co
ty
lin

e,
 

m
ad
ec
as
si
c 
ac
id
, g

lu
co
se
, r
ha
m
no

se
, 

si
to
st
er
ol
, S

tig
m
as
te
ro
l 
(S
am

y 
an
d 

C
ho

w
 2
01

1)
 

R
ed
uc
es
 a
m
yl
oi
d-
β 
pa
th
ol
og

y 
an
d 
ac
ti-

va
te
s 
N
R
F
2-
re
gu

la
te
d 
an
tio

xi
da
nt
 

re
sp
on

se
 p
at
hw

ay
 (
Z
w
ei
g 
et
 a
l. 
20

21
) 

M
em

or
y 
en
ha
nc
em

en
t, 
A
lz
he
im

er
’s
 

(B
oo

nd
am

 e
t 
al
. 2

01
9)
 

7
C
on

vo
lv
ul
us
 

pr
os
tr
at
us
 (
S
ha
nk

ha
 

pu
sh
pi
) 

M
ic
ro
ph

yl
lic
 a
ci
d,
 k
ae
m
pf
er
ol
, 

ka
em

pf
er
ol
-3
-g
lu
co
si
de
, 3

,4
 

di
hy

dr
ox

yc
in
na
m
ic
 a
ci
d,
 s
co
po

le
tin

, 
co
nv

ol
am

in
e,
 c
on

vo
lid

in
e,
 s
ito

st
er
ol
s,
 

2-
bu

ta
no

ne
, p

en
ta
no

ic
 a
ci
d,
 c
in
na
m
ic
 

ac
id
, s
ila
ne
, d

ec
an
oi
c 
ac
id
, 2

-p
en
ta
no

l, 
as
co
rb
ic
 a
ci
d,
 1
0-
br
om

od
ec
an
oi
c 
ac
id
, 

tr
id
ec
an
e,
 p
ht
ha
lic
 a
ci
d,
 e
ic
os
an
e,
 

oc
ta
tr
ia
co
nt
yl
 p
en
ta

uo

ro
pr
op

io
na
te
, 

1-
oc
ta
de
ce
ne
 s
ul
ph

on
yl
 c
hl
or
id
e,
 s
qu

a-
le
ne
, p

yr
im

id
in
e,
 h
en
ei
co
sa
ne
, 1

,2
-

be
nz
en
ed
ic
ar
bo

xy
lic
 a
ci
d,
 

cy
cl
on

on
as
ilo

xa
ne
, o

ct
ad
ec
am

et
hy

l, 
no

na
co
sa
ne
, s
ul
fu
ro
us
 a
ci
d 
pe
nt
ad
ec
yl
 

2-
pr
op

yl
 e
st
er
, s
tr
ai
gh

t 
ch
ai
n 
hy

dr
oc
ar
-

bo
ns
 (
C
22

–C
33

),
 f
at
ty
 a
ci
ds
 (
C
14

– 
C
28

),
 f
at
ty
 a
lc
oh

ol
s 
(C
24

– 
C
32

),
 

vi
ta
m
in
 E
, a
nd

 c
yc
lo
no

na
si
lo
xa
ne
 

(S
al
eh
i 
et
 a
l. 
20

20
) 

R
eg
ul
at
e 
th
e 
ne
ur
on

al
 f
ac
to
r 
an
d 
pr
o-

te
in
s 
by

 in
hi
bi
tin

g 
ac
et
yl
-c
ho

lin
es
te
ra
se
 

an
d 
re
gu

la
te
 t
he
 n
eu
ro
na
l 
ca
sc
ad
es
, 

cy
to
ki
ne
-
IL
-6
, M

C
P
-1
, I
C
A
M
-1
 

(B
al
kr
is
hn

a 
et
 a
l. 
20

20
) 

E
nh

an
ce
 m

em
or
y 
or
 a
s 
a 
br
ai
n 
an
d 

ne
rv
e 
to
ni
c,
 A

lz
he
im

er
’s
 d
is
ea
se
 

(S
em

w
al
 e
t 
al
. 2

02
1)

11 Therapeutic Potential of Selected Medicinal Plants for. . . 325



T
ab

le
11

.2
(c
on

tin
ue
d)

S
.N

o.
H
er
bs

Im
po

rt
an
t
ph

yt
oc
he
m
ic
al
s

B
io
m
ar
ke
rs
re
la
te
d
to

im
m
un

e
re
sp
on

se
N
eu
ro
lo
gi
ca
l
ef
fe
ct
s

8
C
ur
cu
m
a 
lo
ng

a 
(T
ur
m
er
ic
) 

D
em

et
ho

xy
cu
rc
um

in
 (
2,
 D

M
C
),
 

bi
sd
em

et
ho

xy
cu
rc
um

in
 (
3,
 B
D
M
C
) 
an
d 

cy
cl
oc
ur
cu
m
in
 (
4,
 C
Y
C
),
 

te
tr
ah
yd

ro
cu
rc
um

in
 (
5,
 T
H
C
) 
(R
an
di
no

 
et
 a
l. 
20

16
) 

P
I3
K
/A
kt
, N

F
-κ
B
, T

N
F
-α
, m

od
ul
at
in
g 

ta
u 
ol
ig
om

er
s 
(M

at
he
w
 a
nd

 H
su
 2
01

8;
 

P
an
ar
o 
et
 a
l. 
20

20
) 

A
lz
he
im

er
 a
ge
nt
s 
(C
as
ci
o 
et
 a
l. 
20

19
) 

9
M
uc
un

a 
pr
ur
ie
ns
 

(V
el
ve
t 
be
an
s)
 

1–
3,
4-
di
hy

dr
ox

yp
he
ny

la
la
ni
ne
, 

pe
nt
ad
ec
an
oi
c 
ac
id
, 1

4-
m
et
hy

l-
, m

et
hy

l 
es
te
r,
 d
od

ec
an
oi
c 
ac
id
, 

9,
 1
2-
oc
ta
de
ca
di
en
oi
c 
ac
id
 (
Z
, Z

)-
m
et
hy

l 
es
te
r,
 9
,1
2-
oc
ta
de
ca
di
en
oi
c 

ac
id
, a
nd

 2
-m

yr
is
ty
no

yl
-g
ly
ci
na
m
id
e 

(S
ai
ka
rt
hi
k 
et
 a
l. 
20

17
; 
L
am

pa
ri
el
lo
 

et
 a
l. 
20

12
) 

(T
N
F
-α
),
 (
IL
-1
β)
, I
L
-6
, a
nd

 e
nz
ym

es
 

su
ch
 a
s 
ni
co
tin

am
id
e 
ad
en
in
e 
di
nu

cl
eo
-

tid
e 
ph

os
ph

at
e 
(N

A
D
P
H
) 
ox

id
as
e 
an
d 

cy
cl
oo

xy
ge
na
se
-2
 (
C
O
X
-2
) 
(R
ai
 e
t 
al
. 

20
17
)

P
ar
ki
ns
on

’s
 d
is
ea
se
 (
C
ili
a 
et
 a
l. 
20

17
) 

10
N
yc
ta
nt
he
s-
ar
bo

r 
tr
is
ti
s 
L
in
n.
 (
H
ar
 

S
in
ga
r 
or
 P
ar
ija
t)
 

4-
hy

dr
ox

y 
he
xa
hy

dr
o 
be
nz
of
ur
an
-7
-

on
e,
 6
β-
hy

dr
ox

yl
og

an
in
, a
nd

 
ar
bo

rt
ri
st
os
id
e,
 d
ite
rp
en
oi
ds
, 

ny
ct
an
th
in
, n

yc
ta
nt
ho

si
de
, r
en
gy

ol
on

e,
 

as
tr
ag
al
in
, 

av
on

oi
ds
, a
nt
ho

cy
an
in
s,
 

d-
m
an
ni
to
l, 
es
se
nt
ia
l 
oi
ls
, g

ly
co
si
de
s,
 

ca
ro
te
no

id
s 
(P
ar
ek
h 
an
d 
S
on

i 
20

20
; 

B
ha
rs
hi
v 
et
 a
l. 
20

16
) 

S
pl
en
oc
yt
es
 p
ro
lif
er
at
io
n 
an
d 
in
cr
ea
se
d 

pr
od

uc
tio

n 
of
 c
yt
ok

in
es
, e
sp
ec
ia
lly

 IL
-2
 

an
d 
IL
-6
 (
B
ha
rs
hi
v 
et
 a
l. 
20

16
) 

A
nt
i-
ep
ile
pt
ic
 a
nd

 a
nx

io
ly
tic
 

(S
ri
ka
ly
an
i 
an
d 
Il
an
go

 2
00

9)
 

11
O
ci
m
um

 t
en
ui

or
um

 
(T
ul
si
) 

O
le
an
ol
ic
 a
ci
d,
 u
rs
ol
ic
 a
ci
d,
 r
os
m
ar
in
ic
 

ac
id
, e
ug

en
ol
, c
ar
va
cr
ol
, l
in
al
oo

l, 
Β
-c
ar
yo

ph
yl
le
ne
 (
S
in
gh

 a
nd

 C
ha
ud

hu
ri
 

20
18

) 

In
cr
ea
se
d 
N
at
ur
al
 K

ill
er
 (
N
K
) 
an
d 

T
-h
el
pe
r 
ce
lls
 (
Ja
m
sh
id
i 
an
d 
C
oh

en
 

20
17
) 

A
nt
i-
st
re
ss
, l
os
s 
of
 m

em
or
y,
 

A
lz
he
im

er
’s
 d
is
ea
se
 (
A
D
),
 

P
ar
ki
ns
on

’s
 d
is
ea
se
 (
P
D
),
 

H
un

tin
gt
on

’s
 d
is
ea
se
 (
H
D
).
 O

xi
da
tiv

e 
st
re
ss
 a
nd

 m
ito

ch
on

dr
ia
l 
dy

sf
un

ct
io
n 

(S
in
gh

 a
nd

 C
ha
ud

hu
ri
 2
01

8;
 J
am

sh
id
i 

an
d 
C
oh

en
 2
01

7)

326 R. Verma et al.



(c
on

tin
ue
d
)

12
P
hy
ll
an

th
us
 e
m
bl
ic
a 

(A
m
bl
a)
 

A
sc
or
bi
c 
ac
id
 (
vi
ta
m
in
 C
),
 g
al
lic
 a
ci
ds
, 

am
la
ic
 a
ci
d,
 a
rg
in
in
e,
 a
sp
ar
tic
 a
ci
d,
 

as
tr
ag
al
lin

, β
-c
ar
ot
en
e,
 β
-s
ito

st
er
ol
, 

ch
eb
ul
ag
ic
 a
ci
d,
 c
he
bu

lic
 a
ci
d,
 

ch
eb
ul
ag
in
ic
 a
ci
d,
 c
he
bu

lin
ic
 a
ci
d,
 

co
ri
la
gi
c 
ac
id
, c
or
ila
gi
n,
 c
ys
te
in
e,
 

el
la
gi
c 
ac
id
, e
m
bl
ic
ol
, g

ib
be
re
lli
ns
, 

gl
ut
am

ic
 a
ci
d,
 g
ly
ci
ne
, h

is
tid

in
e,
 i
so
-

le
uc
in
e,
 k
ae
m
pf
er
ol
, l
eu
co
de
lp
hi
ni
di
n,
 

m
et
hi
on

in
e,
 p
he
ny

la
la
ni
ne
, 

ph
yl
la
nt
id
in
e,
 p
hy

lle
m
bl
ic
 a
ci
d,
 q
ue
r-

ce
tin

, r
ib
o

av
in
, r
ut
in
, t
hi
am

in
, t
hr
eo
-

ni
ne
, t
ry
pt
op

ha
n,
 t
yr
os
in
e,
 v
al
in
e,
 

ze
at
in
 (
H
ab
ib
-u
r-
R
eh
m
an
 e
t 
al
. 2

00
7)
 

E
pi
th
el
ia
l 
ba
rr
ie
rs
, p

ha
go

cy
te
s 
(n
eu
tr
o-

ph
ils
, m

ac
ro
ph

ag
es
),
 B
-
an
d 

T
-l
ym

ph
oc
yt
es
, m

od
ul
at
e 
cy
to
ki
ne
 

pr
od

uc
tio

n,
 d
ec
re
as
e 
hi
st
am

in
e 
le
ve
ls
, 

re
du

ce
d 
pr
oi
n

am
m
at
or
y 
cy
to
ki
ne
, 

(T
N
F
-α
) 
an
d 
(I
L
-1
β)
 l
ev
el
s,
 a
nd

 a
pp

re
-

ci
ab
ly
 u
pr
eg
ul
at
e 
th
e 
an
ti-
in

am

m
at
or
y 

cy
to
ki
ne
 (
IL
-1
0)
 c
on

ce
nt
ra
tio

n 
(C
ha
tte
rj
ee
 e
t 
al
. 2

01
0)
 

M
em

or
y 
de

ci
t,
A
lz
he
im

er
’s
 d
is
ea
se
 

(A
sh
w
la
ya
n 
an
d 
S
in
gh

 2
01

1;
 B
is
w
as

et
 a
l. 
20

15
) 

13
Sw

er
tia

 c
hi
ra
ta
 

(C
hi
ra
yi
ta
) 

S
ec
oi
ri
do

id
 b
itt
er
s,
 t
ri
te
rp
en
oi
ds
, x

an
-

th
on

es
, a
nd

 a
lk
al
oi
ds
. S

w
er
tia
m
ar
in
, 

ge
nt
io
pi
cr
os
id
e,
 a
m
ar
og

en
tin

, a
nd

 
am

ar
os
w
er
in
, a
m
ar
og

en
tin

 (
K
ar
an
 e
t a
l. 

19
99

) 

In

am

m
at
or
y 
m
ed
ia
to
rs
 b
y 
bl
oc
ki
ng

 
th
e 
ex
pr
es
si
on

 o
f 
C
O
X
-2
 a
nd

 p
ho

s-
ph

or
yl
at
io
n 
of
 A
kt
, I
K
K
-β
, M

A
P
K
, a
nd

 
N
F
-κ
B
, a
ct
iv
at
io
n 
in
 L
P
S
-s
tim

ul
at
ed
 

m
ac
ro
ph

ag
es
 (
H
u 
et
 a
l. 
20

19
) 

A
nt
id
ep
re
ss
an
t 
pr
op

er
tie
s,
 C
N
S
 s
tim

-
ul
an
t, 
P
ar
ki
ns
on

’s
 d
is
ea
se
 (
S
hi
kh

a 
et
 a
l. 
20

10
) 

14
V
it
ex
 n
eg
un

do
 

(N
ir
gu

nd
i)
 

B
en
zo
ic
 a
ci
d 
3-
hy

dr
ox

y,
 L
ed
ol
, 

9,
12

,1
5-
oc
ta
de
ca
tr
ie
no

ic
 a
ci
d,
 a
nd

 
V
ita
m
in
 E
, 4

H
P
yr
an
-4
-o
ne
, 

2,
3-
di
hy

dr
o-
3,
5-
di
hy

dr
ox

y-
6-
m
et
hy

l 
ca
ry
op

hy
lle
ne
,a
nd

n-
he
xa
de
ca
no

ic
ac
id
 (
K
um

ar
 e
t a
l. 
20

10
) 

S
up

pr
es
se
d 
ex
pr
es
si
on

s 
of
 in


am

m
a-

to
ry
 T
h1

/T
h2

 c
yt
ok

in
es
, c
he
m
ok

in
es
, 

en
do

pe
pt
id
as
es
 (
M
M
P
s)
s,
 o
xi
da
tiv

e 
ef
fe
ct
or
 e
nz
ym

e 
(i
N
O
S
),
 a
dh

es
io
n 

m
ol
ec
ul
es
, I
L
-4
/I
F
N
-γ
 re

le
as
e 
w
ith

 
si
m
ul
ta
ne
ou

s 
en
ha
nc
em

en
t
in
 l
ev
el
s 
of
 

IL
-1
0,
 I
F
N
-γ
, M

U
C
3,
 a
nd

 e
nh

an
ce
d 

ph
os
ph

or
yl
at
io
n 
of
 N

F
-κ
B
, P

I3
K
, A

kt
 

an
d 
p3

8M
A
P
K
s 
an
d 
do

w
nr
eg
ul
at
ed
 

A
M
P
K
 (
T
ir
pu

de
 e
t 
al
. 2

02
1)
 

A
nt
i-
st
re
ss
 (
T
ir
pu

de
 e
t 
al
. 2

02
1)

11 Therapeutic Potential of Selected Medicinal Plants for. . . 327



T
ab

le
11

.2
(c
on

tin
ue
d)

S
.N

o.
H
er
bs

Im
po

rt
an
t
ph

yt
oc
he
m
ic
al
s

B
io
m
ar
ke
rs
re
la
te
d
to

im
m
un

e
re
sp
on

se
N
eu
ro
lo
gi
ca
l
ef
fe
ct
s

15
W
ith

an
ia
 s
om

ni
fe
ra
 

(A
sh
w
ag
an
dh

a)
 

W
ith

an
ol
id
es
, w

ith
af
er
in
 A

, a
lk
al
oi
ds
, 

st
er
oi
da
l 
la
ct
on

es
, t
ro
pi
ne
, 

cu
sc
oh

yg
ri
ne
, r
ut
in
, h

yp
er
os
id
e,
 

qu
er
ci
tr
in
, m

yr
ic
et
in
, q

ue
rc
et
in
, 

ka
em

pf
er
ol
, r
ha
m
ne
tin

, g
al
lic
 a
ci
d,
 

ca
ff
ei
c 
ac
id
, c
hl
or
og

en
ic
 a
ci
d,
 f
er
ul
ic
 

ac
id
, p

-c
ou

m
ar
ic
 a
ci
d,
 

p-
hy

dr
ox

yb
en
zo
ic
 a
ci
ds
, c
af
fe
in
e,
 

th
eo
br
om

in
e,
 t
he
op

hy
lli
ne
, h

ar
m
in
e,
 

ha
rm

an
e,
 y
oh

im
bi
ne
, b

er
be
ri
ne
, 

no
sc
ap
in
e,
 a
nd

 p
ap
av
er
in
e 
(T
ri
pa
th
i 

et
 a
l. 
20

20
; 
T
iw
ar
i 
et
 a
l. 
20

15
) 

T
N
F
-α
-i
nd

uc
ed
 i
nc
re
as
es
 i
n 
C
C
L
5 

w
hi
le
 a
tte
nu

at
in
g 
th
e 
in
cr
ea
se
 i
n 
C
C
L
2 

ex
pr
es
si
on

 a
nd

 N
F
-κ
B
 a
ct
iv
at
io
n 

in
cr
ea
se
 i
n 
de
nd

ri
te
 g
ro
w
th
 m

ar
ke
rs
, 

K
L
K
8,
 a
nd

 M
A
P
2 
(G

ru
nz
-B
or
gm

an
n 

et
 a
l. 
20

15
; K

on
ar
 e
t 
al
. 2

01
9)
 

A
lz
he
im

er
’s
 d
is
ea
se
 (
K
on

ar
 e
t a
l. 

20
19

)

328 R. Verma et al.



factor κB (NF-κB) activation (Kim et al. 2009; Sharma et al. 2020). Vitamin E and C 
intake are inversely associated with the risk of PD (Hantikainen et al. 2021). 
Phyllanthus emblica is an excellent source of vitamin C. Research indicates that 
Phyllanthus emblica reduces kainic acid-induced elevations of TNF-α in the brain, 
improving cognitive function levels in the brain and improving the cognitive decit 
(Gaire and Subedi 2014). In neurodegenerative disorders, Phyllanthus emblica has 
proved to be benecial due to its antioxidant, cholesterol-lowering, and anti-
inammatory properties (Husain et al. 2019; Uddin et al. 2016).
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Borneol is a natural compound found in Blumea balsamifera that acts as blood– 
brain barrier permeability in the central nervous system. Borneol is an effective agent 
that can improve drug delivery to the brain: neurological function scores (NFS) and 
the cerebral infarction area (Kulkarni et al. 2021; Chen et al. 2019). Thus, Blumea 
balsamifera has the potential to provide neuroprotection for a variety of neurological 
disorders. 

Asparagus racemosus ethanolic extract has been shown to enhance brain-derived 
neurotrophic factor (BDNF), as well as estrogen receptors (ERs) (Lalert et al. 2018). 
In molecular docking study involving Asparagus racemosus (Wild.), SARS-CoV-2, 
the NSP15 Endoribonuclease and Spike Receptor-binding domain was identied. In 
terms of their effectiveness against the spike receptor-binding domain and NSP15 
endoribonuclease, asparoside-C, asparoside-D, and asparoside-F are the most effec-
tive (Chikhale et al. 2020). Asparagus racemosus phytocompounds exhibit 
adaptogenic, neuroprotective, antioxidant, anti-inammatory, and nootropic proper-
ties without causing side effects. It may be a possible treatment for neurological 
disorders such as stress, anxiety, depression, and epilepsy (Majumdar et al. 2021). 

Cannabis sativa L is a medicinal herb used in treating a variety of diseases and 
neurological disorders (Mechoulam 2019). The main neuroprotective ingredients 
found in cannabis are Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD). The 
neuroprotective properties of cannabinoids have led to them being referred to as the 
“Aspirin of the 21st century” (Baker et al. 2003). A hypothesis study on cannabidiol 
against SARS-CoV-2 proposed that it exerts immunomodulatory and anti-
inammatory effects, as well as decreasing uncontrolled cytokine production 
responsible for acute lung injury (Esposito et al. 2020). Cannabidiol has been 
suggested as a support drug against the COVID-19 pandemic with precaution 
(Paland et al. 2021; Anil et al. 2021). 

Convolvulus prostratus is commonly known for its neuro-modulating properties. 
A number of phytocompounds from Convolvulus prostratus, including 4′-methoxy 
kaempferol, 7-methoxy quercetin, convolamine, scopoletin, and hydroxy-cinnamic 
acid, are responsible for neuroprotective effects in the brain (Alshoushan et al. 
2021). An extract of Convolvulus prostratus modulates IL-1b, IL-6, TNF-a, alanine 
transaminase, and aspartate transaminase. Ayurveda shows that Convolvulus 
prostratus improves anxiety, irritability, inability to relax, lack of concentration,
disturbed sleep, loss of memory, palpitations, headaches, dry mouth, upset stomach, 
and restlessness (Belwal et al. 2020). 

Swertia chirata has traditionally been used in India to boost appetite and as a 
febrifuge (Liu et al. 2017). The herb’s methanol extract is reported to have anti-



diabetic activity because it contains mangiferin, amarogentin, amaroswerin, 
sweroside, and swertiamarin as active constituents (Suryawanshi et al. 2009). 
Chirata sweat is known to be effective in the treatment of hepatitis, liver disorders, 
inammation, chronic fever, malaria, anemia, GIT disorders, hypertension, mental 
disorders, and diabetes (Kumar and Van Staden 2016). The therapeutic potential of 
bellidifolin from Swertia chirayita has been explored for the treatment of 
inammatory-mediated immune deciency (Hu et al. 2019). 
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Traditional Indian medicine uses Vitex negundo Linn., for treating respiratory and 
inammatory disorders. Vitegnoside extracted from Vitex negundo inhibited p38 
MAPK/MK2, JNK/c-Jun, and downstream NF-κB inammatory transduction. In a 
study on the effect of vitegnoside from Vitex negundo on Alzheimer’s disease, it was 
found that vitegnoside promoted neuroprotection by enhancing cell viability, 
maintaining cytomembrane integrity, and maintaining nuclear homogeneity (Wang 
et al. 2019). 

Physiochemical analyses have demonstrated that crude extracts from Nyctanthes 
arbor-tristis have potential anti-inammatory, anti-malarial, anti-viral, and 
immunostimulatory properties (Agrawal and Pal 2013). Researchers note that aque-
ous leaf extracts from Nyctanthes arbor-tristis are the most potent immunomodula-
tors (Bhatia and Kaur 2001). 

The herb Centella asiatica is well-known for its use in treating mental disorders 
in India and China. It is believed that triterpene derivatives like asiatic acid, 
madecassic acid, asiaticoside, madecassoside, and Brahmic acid provide positive 
effects on the aging brain (Samy and Chow 2011; Orhan 2012). Ethanolic extracts 
have been found to increase neural development (nerve growth factor (NGF) in 
human SH-SY5Y cell lines) (Soumyanath et al. 2005). This herb was traditionally 
used in memory enhancers and for treating Alzheimer’s disease (Orhan et al. 2013). 

Curcuma longa has been studied for its antidepressant properties. Curcuma longa 
contains curcumin, which has been found to be effective against neurological 
disorders such as Alzheimer’s and multiple sclerosis (Witkin and Li 2013; Witkin 
et al. 2013). There is evidence that curcumin can effectively treat fearful or traumatic 
memories when used alone or in combination with existing medications (Monsey 
et al. 2015). The curcumin compound interacts directly and indirectly with various 
transcription factors such as nuclear factor kappa B (NF-κB), activator protein 
1 (AP-1), β-catenin, and signal transducer and activator of transcription (STAT) 
proteins (Witkin et al. 2013; Liu et al. 2014; Shishodia et al. 2007). Additionally, it 
can act as a partial agonist of peroxisome proliferator-activated receptor-γ (PPAR-γ), 
a ligand-activated transcription factor involved in neurological disorders and anti-
inammatory signaling pathways. The nuclear receptor PPAR-γ affects metabolism, 
reproduction, and immune response (Bernardo et al. 2021). In addition to curcumin, 
other compounds in turmeric include digalloyl-hexoside, caffeic acid, hexoside, 
curdione, coumaric acid, caffeic acid, sinapic acid, quercetin-3-D-galactoside, 
casuarinin, bisdemethoxycurcumin, curcuminol, demethoxycurcumin, 
isorhamnetin, valoneic acid, and curcumin. Their therapeutic value varies according 
to the disease (Sabir et al. 2021; Maithili KarpagaSelvi et al. 2020). Furthermore, 
there is scientic evidence that curcumin may have a bioactive role against SARS-



CoV-2 infection as well (Babaei et al. 2020; Zahedipour et al. 2020; Rattis et al. 
2021). 
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Ocimum tenuiorum is a traditional herb used to prevent and treat the common 
cold, cough, headache, fever, inuenza, sore throat, bronchitis, malarial fever, and 
migraine headaches (Joshi et al. 2017; Iqbal Chowdhury et al. 2020). Ocimum 
tenuiorum oil contains 50.4% eugenol, ursolic acid, caryophyllene, linalool, and 
1,8-cineole (Bhavya et al. 2018). Ocimumoside A and B are used for treating 
neurological disorders (Singh and Chaudhuri 2018). There is strong evidence that 
the daily administration of 10 g of an aqueous extract of fresh tulsi leaves for 2 weeks 
results in symptomatic improvement in patients with acute hepatitis viral infection 
(Jamshidi and Cohen 2017). 

11.5 Conclusions 

During the COVID-19 pandemic, the demand for medicinal plants was found to 
increase signicantly. Among them, herbs such as Curcuma longa, Ocimum 
tenuiorum, and Withania somnifera are gaining popularity as immune boosters 
against COVID-19 infection. Theoretically, SARS-CoV-2 causes inammation in 
the body, which is controlled primarily by adaptive immune responses. The SARS-
CoV-2 enters the cell through the ACE-2 receptor and is recognized by the toll-like 
receptor 7 (TLR-R) present in the endosome (Poulas et al. 2020). As a result, alpha 
interferon, TNF-alpha, as well as IL-12 and IL-6, are produced, and CD8+ cytotoxic 
T cells are formed, and through CD4+ helper T cells, antigen-specic B cells and 
antibodies are produced (Ahmadpoor and Rostaing 2020). Antibodies against 
unknown or known pathogens are produced by B cell receptors (BCRs), which 
recognize the pathogenic attack, counter-invading pathogens, and provide long-term 
protection against them (Nielsen and Boyd 2018). The immune system serves as the 
body’s complete defense against pathogens. It is now clear that inborn medicinal 
herbs promote the immune system through various pathways against infection and 
inammation. Many studies support the study objective, but there are still some 
gaps. Medicinal plants have the potential to treat neurological disorders at an 
affordable price in COVID-19 or post-COVID-19 patients. It is essential for a 
clear understanding of comprehensibility to conduct clinical trials on herbs and 
their secondary metabolisms, as well as their effects on various neurological disor-
ders. Biomarkers, neuroradiological ndings, and pathobiological mechanisms need 
to be re-examined to nd the most suitable drugs. The interaction between humans 
and herbs, and the mechanism of action, should also be re-examined. The therapeutic 
potential of herbs for neurological disorders requires further mechanistic studies 
using modern scientic techniques and approaches. It is imperative to conduct 
further animal studies and clinical trials to explore how these herbs may help 
alleviate neurological disorders in COVID-19 patients.
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