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Abstract
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Parkinson’s disease (PD) is a neurodegenerative disorder that is caused by degeneration of nerve cells in the part

of the brain called the substantia nigra, which controls movement. Although there is some considerable evidence
with conventional drugs for PD, treating patients becomes increasingly difficult due to their short- and long-term
adverse effects and other restrictions. This dire circumstance emphasizes the need for an innovative, strong alternative
treatment for PD. Plants and natural products are considered one of the most important sources of bioactive mol-
ecules against a wide range of health disorders. With mechanistic insights, this systematic review explains the efficacy
of clinically proven natural products in managing PD. This review is based on comprehensive literature searches

from PubMed, Science Direct, Scopus, and Google Scholar databases using the keywords-“plants or natural products
in Parkinson’s’, “plants or herbs used in Parkinson’s treatment”, or keywords that are similar to those. Natural products
that have been clinically proven for their anti-Parkinson effect have only been selected for this study, and the products
are- Mucuna pruriens, Caffeine, Camellia sinensis or green tea leaves, and a traditional Chinese herbal called Jiawei-
Liujunzi Tang. In comparison to currently available medications, we firmly feel that the mentioned clinically proven
natural products would be more effective at treating PD while having fewer adverse effects. However, further study

is required to confirm their exact mechanism of action.
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1 Introduction

Parkinson’s disease (PD) is a chronic neurological disor-
der characterized by both motor and nonmotor indica-
tions (DeMaagd and Philip 2015; Jankovic and Tan 2020).
PD is one of the most general causes of mental deteriora-
tion and it is marked by the steady dent of dopaminergic
neurons in the substantia nigra (Iarkov et al. 2020). PD
has many risk factors and genetic abnormalities. PD is
linked to high cholesterol, carbon disulfide, herbicides,
organic solvents, and pesticides. Brain damage, high
caloric intake, obesity, and other variables have been
related to PD (Zhou et al. 2008; Logroscino 2005; DeMa-
agd and Philip 2015). PD is characterized by a gradual
loss of motor functions, bradykinesia, gait changes, and
postural instability (Gelb et al. 1999; Dexter and Jenner
2013; Iarkov et al. 2020). Anxiety, sadness, dysphagia,
hallucinations, hypophonia and cognitive dysfunction are
among the other symptoms, as are hyposmia, decreased
color vision, nociception and sleep disorders (Voon et al.
2011; Lindqvist et al. 2012; Iarkov et al. 2020). The num-
ber of people diagnosed with PD increased 2.4 times
between 1990 and 2016, reaching an estimated 6.1 mil-
lion worldwide in 2016 (Dorsey et al. 2018). As per the
Parkinson’s Disease Foundation reports, 1 million Ameri-
cans have the disease.

PD is prevalent globally, including in Russia, Germany,
USA, the UK, France, China, India, Pakistan and Bangla-
desh. Despite five decades of research, no effective cure
for this illness has been discovered. Both pharmaceutical
and nonpharmacological methods are used in the cur-
rent course of treatment. Upon closer examination of
treatments for neurological disorders, it is evident that
many pharmacological drugs are commonly utilized for
patients with such conditions. In addition, natural com-
pounds are widely employed in treating various neuro-
logical disorders (Gyawali and Ibrahim 2014; Sohel et al.
2022a, b; Sohel, Sultana, et al. 2022; Sohel, Biswas, et al.
2022; Biswas et al. 2022; Mitra et al. 2023; Paul et al. 2021;
Roni et al. 2024). These natural products, compounds
from many natural sources, can heal almost all medi-
cal conditions, notably neural ones (Butler 2008). Tra-
ditional medicines encompass diverse sources, drawing
from terrestrial flora, animal-derived products, aquatic
species, and even the biochemical processes of micro-
organisms (Atanasov et al. 2021; Waltenberger et al.
2016). These natural medicinal products are particularly
relevant in less developed countries, where people often
self-medicate for diseases without the advice of a doctor
and natural products have fewer potential adverse effects
than conventional medications (Jami and Biswas 2023).
Indian Ayurveda uses herbs, spices, and minerals to heal
physiological illnesses (Roni et al. 2024). Charaka Sambhi-
tha, an old Ayurvedic text, recommends Sida cordifolia,
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Mucuna pruriens (MP), Withania somnifera, and Hyos-
cyamus niger for the treatment of PD. H. niger has been
used to cure a wide range of diseases in traditional sys-
tems of medicine from various civilizations, including
Indian, Byzantine, Roman, and Chinese (T Sengupta
et al. 20164, b). Passion flower, also known as Passiflora
incarnata (Passifloraceae), Ginseng, the leaf extract of
Ginco biloba, Valeriana officinalis, St. John’s wort and
Pycnog,enol (derived from French maritime pine bark)
are just a few of the natural compounds that have shown
promise in the treatment of PD and attention deficit
hyperactivity disorder (ADHD) (Corona 2018). Albizia
adianthifolia (Leguminosae) leaf aqueous extract has
antioxidant capacity and can help regulate neurological
anomalies caused by PD (Rabiei et al. 2019).

Therefore, the significance and possibilities of natural
products for treating PD are boundless. Quite a few natu-
ral compounds produced from plants have the potential
to be employed as notably essential medications to treat
PD. This study aimed to shed light on how clinically
proven natural products help manage PD treatment.

2 Methodology

This review has been written based on a systematic
search strategy and meta-analyses (PRISMA) guidelines
(Moher et al. 2009). SciVerse Scopus® (Elsevier Proper-
ties S. A, USA), Web of Science® (Thomson Reuters,
USA), and PubMed® (U.S. National Library of Medicine,
USA) are the general databases we have used. Common
search keywords are PD, natural products in PD manage-
ment, clinically proven natural products in PD, and so on.
A total of 101 non-duplicate articles were identified in the
initial phase, and 81 relevant articles were selected after
the initial screening. Finally, after 16 exclusions, only 65
more relevant articles have been selected. Non-English
articles have been kept out of search. Only clinical and
relevant scientific articles were considered inclusion cri-
teria for this study. The complete manuscripts of the rele-
vant articles, including the title, abstract, and concluding
remarks, have been thoroughly read to verify the expedi-
ence criterion.

3 Natural products in the treatment of Parkinson'’s
disease

There are several clinically proven natural products for

managing Parkinson’s disease.

3.1 Mucuna pruriens

MP is a leguminous plant of Fabaceae family, rich in nat-
ural levodopa (L-DOPA). In contrast to synthetic levo-
dopa, it is more potent and better tolerated in treating
patients with PD. It grows in both tropical and subtropi-
cal environments. Levodopa, the most crucial medication
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for a PD patient, MP seed contains plenty of it (Hirsch
and Hunot 2009; Joglar et al. 2009; Khan et al. 2013; Hald
and Lotharius 2005).

Previous studies have described that long-term neuro-
inflammation plays a significant role in the loss of neu-
rons in PD (Hirsch and Hunot 2009; Joglar et al. 2009;
Khan et al. 2013; Hald and Lotharius 2005). Inflamma-
tion during neurodegeneration is poorly understood.
After dopaminergic neurons are injured, glial cells
release proinflammatory mediators such as cytokines/
chemokines, COX-2, and inducible nitric oxide synthase
(Hald and Lotharius 2005). Moreover, through oxidative
stress-mediated neurodegeneration, nuclear transcrip-
tion factor-kB (NF-«kB) induces TNF-a and IL-1f pro-
duction, which contributes to PD pathogenesis (Adepoju
and Odubena 2009)These cytokines and enzymes might
kill neurons by cytotoxicity. Researchers have speculated
that herbs with anti-oxidants and anti-inflammatory
properties are valuable for human health. So, MP is a
great medicinal herb with significant therapeutic capaci-
ties for PD.

3.1.1 Mechanism of action of Mucuna pruriens

In comparison to L-DOPA, MP is more protective of
nerve cells and possesses pain-relieving, anti-inflamma-
tory, anti-neoplastic, and anti-microbial characteristics
(Logroscino 2005). It is among the most crucial aspects
of MP that benefit those with PD. In addition, other
critical active components, including betulinic acid and
ursolic acid, also play a cardioprotective effect. Alka-
loids, phenolic compounds, tannins, and flavonoids are
just a few of the bioactive components that are abun-
dant in MP (Duke 2002). MP’s aqueous seed extract has
also been discovered to contain a variety of phytochemi-
cals, including proanthocyanidin, tannin, gallic acid,
quercetin, and phytic acid. The existence of these active
substances could halt neuroinflammation. According
to various pieces of research, the neuroprotective activ-
ity of MP against Parkinson’s was examined in several
PD models that are toxin-induced, including 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), Paraquat,
Rotenone and 6-hydroxydopamine (6-OHDA). In a
study with mouse models of PD caused by MPTP, Rai
et al. have revealed the mechanism of action of MP. By
preventing NF-kB from translocating into the nucleus
and by suppressing the production of pro-inflammatory
cytokines like tumor necrosis factor-alpha (TNF-a) and
enzymes like iNOS, scientists have demonstrated that
MP prevents MPTP-induced neuroinflammation (Rai
et al. 2017). Dopamine transporter (DAT) is essential for
1-methyl-4-phenylpyridinium (MPP+) absorption. DAT
sustains damage during MPP +uptake, which is seen
in the immunofluorescence labeling of DAT. Through
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inflammatory pathways, MP induces the gradual degen-
eration of nigrostriatal neurons after entering dopamin-
ergic neurons. After that, MPTP intoxication decreased
the expression of the anti-apoptotic protein pAktl.
By increasing the expression of DAT and pAKT1 and
decreasing the production of proinflammatory cytokines
by limiting the nuclear translocation of NF-kB, MP dem-
onstrates its powerful anti-inflammatory effect (Dexter
and Jenner 2013).

MP has strong anti-PD action since L-DOPA makes up
much of the substance. The effectiveness of various sec-
tions of the MP has been studied in many sick states with
notable results however the main concern is the pharma-
cokinetic effects on various organs. A sizable sample size
will be required for clinical trials to verify MP’s anti-PD
capability. Several community-based studies are required
to assess the effectiveness of various MP components in
treating PD and other disorders. Additionally, the anti-
PD capability of several bioactive MP components was
required to show any underlying mechanisms of action.
A comparison of MP’s potential between in vitro and
in vivo activity of different cell lines should be conducted.
Whether there are any side effects associated with MP
on various regions of the brain should also be explored.
According to recent studies, MP provides a potent herbal
medication that could be utilized to treat neurological ill-
nesses. The detailed mechanism of action behind MP’s
anti-Parkinsonian activity is described in Fig. 1.

3.2 Caffeine

One of the most extensively used psychoactive drugs is
caffeine, and it is probably the world’s most commonly
taken pharmacologically active agent (Chawla and Sule-
man 2011; Nawrot et al. 2003). Tea, cocoa beverages, cof-
fee, candy bars, and soft drinks are just a few of the foods
that contain caffeine. Known also as 1,3,7-trimethylx-
anthine, caffeine shares structural similarities with uric
acid. With an imino nitrogen at position 9 and a hetero-
cyclic structure composed of pyrimidinedione and imi-
dazole rings, caffeine possesses the properties of a weak
acid. Three methyl groups are also present at positions
1, 3, and 7 (Schepici et al., n.d.). Few metabolic reaction
pathways, such as demethylation and oxidation pathways,
are used for its metabolism (Chawla and Suleman 2011).
The liver is where caffeine metabolism usually occurs.
Caffeine is pretty much entirely metabolized in adults
from the primary metabolite paraxanthine intermediate
to 1-methylxanthine and 1-methyluric acid (Nawrot et al.
2003; Guerreiro et al. 2008). Caffeine which has been
shown to increase vigilance, mood, attention, and arousal
(Fredholm et al. 1999), could also be neuroprotective
(Ritchie et al. 2007) Fig. 2.
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Fig. 1 The effect of MP, a plant used in PD neuroprotection, is shown schematically. Rotenone attaches to the DAT receptor found on dopaminergic
neurons in response to external stimuli like MPP+and other toxins like 6-OHDA, activating the PI3K/AKT, Ras/MAPK, and PL-C pathways. Rotenone,
MPP +, and 6-OHDA bind to DAT, ultimately activating JNK and NF-B signaling. Along with releasing Nrf2 from the Nrf2-KEAP-1 complex, these

triggers also activate ARE (Rai et al. 2020)
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Fig. 2 Chemical structure of Caffeine (left) and Paraxanthine, primary metabolite of caffeine (right)

Three to four 8-oz cups of brewed coffee (400 mg per
day) or five glasses of caffeinated soft drinks or tea tend to
be a moderate quantity (110-345 mg per day) of caffeine
appears to be neutral to perhaps good for health for most
people (Gonzalez and Ramirez-Mares 2014). According
to epidemiological research, drinking coffee may help
with fat reduction (due to higher metabolic rate, energy

balance, lipolysis, and thermogenic activities) and may
reduce your chance of acquiring several cancers (includ-
ing endometrial, liver, prostate, and colorectal) (Gonzalez
and Ramirez-Mares 2014; O’Keefe et al. 2013; Cano-Mar-
quina et al. 2013). Previous research has demonstrated
that moderate caffeine consumption protects against car-
diovascular disease. Products with caffeine in them are
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frequently sought after for their behavioral effects. Due
to the benefits of low to moderate consumption levels,
such as enhancements in mood, energy, alertness, and
vigor, certain people may be gently encouraged to drink
coffee. Caffeine use was connected to a lower risk of
acquiring PD in various major prospective epidemiologi-
cal studies that have already been undertaken (Ross et al.
2000; Ascherio et al. 2001; J.-F. Chen et al. 2001). Some
evidence for anti-PD activity was also found in some
retrospective study reports and articles (Benedetti et al.
2000; Anti Kalda et al. 2006a, b). Prospective research on
caffeine intake and the risk of PD clearly demonstrated
the neuroprotective effect of caffeine against the exacer-
bation of PD. The findings of this study suggest that mod-
erate amounts of caffeine may have a preventive impact
on PD risk (Ascherio et al. 2001).

Altman et al established a 6-week dose-escalation
open-label trial with caffeine to show dosage tolerance
and examine possible motor and nonmotor advantages.
Caffeine was begun at 200 mg per day and gradually
escalated to 1,000 mg with 25 participants with PD in
the study. Twenty of the twenty-five participants toler-
ated 200 mg, seventeen tolerated 400 mg, seven tolerated
800 mg, and three tolerated 1,000 mg. They found that
taking 400 mg twice a day improved motor symptoms
and somnolence in PD patients and also discovered early
indications that caffeine may help with some motor and
nonmotor elements of PD, but this has to be validated in
longer-term, placebo-controlled clinical studies (Altman
etal. 2011).

In another open-label 6-week randomized controlled
trial of caffeine conducted by Postuma et al. compris-
ing 61 PD patients, the motor advantage of caffeine was
identified. PD patients who had daytime somnolence
were given caffeine (100 mg twice daily for three weeks
or 200 mg twice daily for three weeks) and a placebo-
matched dose for three weeks. Of 61 patients, 31 were
randomly allocated to the caffeine group and 31 to the
placebo group. According to the findings of this ran-
domized controlled experiment, caffeine provided a
marginal improvement in excessive somnolence in PD
patients but enhanced objective motor capabilities in PD
patients. These putative motor benefits point to the need
for a longer-term caffeine investigation (Postuma et al.
2012). Therefore, several clinical trials showed that caf-
feine reduced other PD symptoms and enhanced objec-
tive motor deficits in PD (Ren and Chen 2020).

3.2.1 Mechanism of action of caffeine

Increased oxidative stress, which specifically affects the
brain of PD patients by inhibiting the endogenous antiox-
idant system and promoting lipid peroxidation, is one of
the processes through which PD affects the neural system
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(Jo et al. 2019). Many medical research, as well as epide-
miological evidence, has encouraged the speculation that
adenosine A2A receptors (A2AR) could be a novel non-
dopaminergic treatment target for PD (Kalda et al. 2006a,
b). The activation of A2AR in the substantia nigra and
striatum of PD patients causes general neuroinflamma-
tion and PD symptoms by increasing oxidative stress and
lowering dopamine levels (Dias, Junn, and Mouradian
2013). Caffeine has been found in animal models of PD
to attenuate neurotoxicity (J.-F. Chen et al. 2001). Caf-
feine and other A2AR antagonists have also been dem-
onstrated to improve motor function in animal models
of PD by blocking A2AR and preventing excitotoxicity
(Ikram et al. 2020.; Schwarzschild et al. 2002.). Caffeine
has also been found to protect neurons against dopamin-
ergic damage (Ascherio et al. 2001). Caffeine may have
antioxidant properties, which may help to reduce oxida-
tive stress, which is one of the main causes of PD (Rijk
et al. 1997.; Joghataie et al. 2004).

Nrf2, also known as nuclear factor erythroid 2-related
factor 2, is a transcription factor responsible for regulat-
ing a range of cellular processes (R. Li et al. 2019). Multi-
ple studies have discovered a decrease in the expression
of Nrf-2 in PD, resulting in an elevation of oxidative stress
and neuroinflammation (Ahmed et al. 2017). The demise
of dopaminergic neurons is initiated by an elevation in
microglial cells, which are activated by oxidative stress
and serve as mediators of inflammation. This leads to the
manifestation of symptoms associated with PD (Ikram
et al. 2020). Caffeine can protect dopaminergic neurons
by stimulating anti-oxidative signaling pathways, includ-
ing Nrf2-Keapl and peroxisome proliferator-activated
receptor-gamma coactivator 1/-a (PGCla). Caffeine has
the ability to activate the Nrf2-keapl and PGCla sign-
aling pathways, which in turn can drive the creation of
new mitochondria, maintain a balanced redox state, and
enhance cell proliferation (Schepici et al. 2020). Fig. 3.

3.3 Greentea

The Camellia sinesis shrub native to Asia makes green
tea, prepared by steaming and drying the leaves. It is
quite a popular beverage in the UK, USA, China, Japan,
and other Asian countries. Several catechins found in
green tea, including Epicatechin, Epigallocatechin gallate,
Epigallocatechin and Epicatechin gallate, were also dis-
covered (Sheeja Malar et al. 2020). Among these, green
tea polyphenol epigallocatechin-3-gallate (EGCG) and
L-theanine have strong, multidimensional therapeutic
effects against PD, primarily EGCG.

Tea drinking seems to be negatively related to the
incidence of dementia and PD, according to human epi-
demiological data and recent animal studies. Higher
intake of green tea was shown to be related to a reduced
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Fig. 3 Graphical representation of the mechanism of action of caffeine in the management of neurodegeneration in patients with PD. In
patients with PD, A2AR is activated and expression of Nrf-2 is decreased. This causes increased oxidative stress, dopaminergic neurodegeneration,
neuroinflammation and motor dysfunction. Caffeine blocks A2AR and it also upregulates the expression of Nrf-2. These two actions alter these

consequences of PD and also alleviate other symptoms of PD

prevalence of cognitive impairment in senior Japa-
nese participants (Dubois and Pillon 1996), while in the
United States, those who drank 2 cups or more of tea per
day had a lower risk of PD (Brown and Marsden 1990). A
recent prospective 13-year study of over 30,000 Finnish
people found that consuming three or more cups of tea
per day is related to a lower risk of PD (Chaudhuri and
Schapira 2009). Other studies supported this finding.

3.3.1 Mechanism of action of green tea

Dopamine reuptake and signal termination in the synap-
tic cleft is facilitated by DAT under normal conditions.
In PD patients, EGCG also reduces dopamine synaptic
reuptake by inhibiting DAT (Huot et al. 2016). Secondly,
L-Dopa converts into 3-O-methyl Dopa, which decreases
dopamine turnover and uptake in long-term usage for PD
therapy. Catecholamine-O-methyltransferase (COMT)
inhibition may limit absorption, particularly this conver-
sion. PD sufferers may benefit from this in combination
with other treatments (Kang et al. 2010). Another one is
Monoamine Oxidase-B (MAO-B), which converts Dopa-
mine to 3—4-dihydroxyphenylacetic acid and homoval-
linic acid through enzymatic means. EGCG prevents
dopamine breakdown by blocking MAO-B, as shown in
the brains of elderly animal models (Tong et al. 2017; Lin
et al. 2010).

Moreover, green tea polyphenols also benefit anti-
oxidant enzymes. Green tea uses increased antioxi-
dant enzymes catalase and SOD and decreased protein
and lipid oxidation in PD patients (D. Chen et al. 2015;

Siddique et al. 2014). Protein carbonyl and 4-hydroxyl-
2-nonenal (4-HNE) are oxidation by-products found in
high concentrations in the postmortem brains of peo-
ple with PD (Di Domenico, Tramutola, and Butterfield
2017). Lipid peroxidation promotes membrane struc-
tural degradation, apoptosis, and free reactive oxygen
creates more radicals, extending the chain reaction
(Liu et al. 2000). HNE may modify synuclein by creat-
ing covalent adducts that produce hazardous stable
oligomers (Bae et al. 2013). Research on green tea use
in Portugal found a considerable decrease in MDA and
4-HNE, lipid oxidation products (Coimbra et al. 2006).
In a cell-free condition, EGCG chelates Fe**and inhib-
its fibrillation and hazardous oligomer formation (Zhao
et al. 2017). EGCG also inhibits the chemical reactiv-
ity of Fe’"in the Fenton reaction by producing Ngal-
EGCG-iron complex, preventing further free radical
aggravation (Bao et al. 2013). Stress-induced nitrite
radicals may combine with protein tyrosine residues to
generate 3-NT, which is found in various neurodegen-
erative disorders, including PD (Bao et al. 2013). The
primary ingredient of Lewy bodies, synuclein, has been
observed to be nitrated in both animal models and
postmortem PD brains (Duda et al. 2000). The 3-NT
alteration also inhibits synuclein binding to synthetic
vesicles, slowing down breakdown and promoting fibril
production (Hodara et al. 2004). Green tea polyphenols
indirectly enhance the breakdown rate of synuclein,
implicating a potential involvement in PD prevention.
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By limiting the capacity of DATs to absorb MPP +and
transfer it to presynaptic dopaminergic neurons actively,
EGCG decreased neurodegeneration in CHO cells
expressing DAT (Bao et al. 2013). L-theanine enhanced
ERK1/2 activity in SH-SY5Y cells while lowering HO-1,
caspase-3, and the production of neurotrophic fac-
tors, including BDNF and GDF (Zhao et al. 2017). In
the MPTP PD model, in vivo EGCG downregulated
apoptosis and decreased synuclein expression. C57BL/6
mice with increased PKC-expression and Bax expres-
sion (Hodara et al. 2004). In the Long-Evans rats’ (old
rats) brains, EGCG decreased MAO-B activity (Huot
et al. 2016). Green tea consumption lowers oxidative
stress, which shields the body against illnesses linked to
oxidative stress (Di Domenico, Tramutola, and Butter-
field 2017). Clinical Trials in human trials, PD patients
who drank three cups of green tea daily for three months
and consumed 550 g of polyphenols had a substantial
increase in their antioxidant status and a reduction in
oxidative damage (Kang et al. 2010) Fig. 4.

3.4 Jiawei-liujunzi tang (JLT); a Chinese herbal medicine

China is rich in natural products for the treatment of PD.
Herbal products like Jiawei-Liujunzi Tang (JLT) are used
for PD treatment (P. Chen et al. 2022). Some studies show
that China has been using herbal medicine for 2200 years
(Yu et al. 2014). The loss of dopaminergic neurons and
the appearance of Lewy bodies, both of which are linked
to mitochondrial dysfunction, are the fundamental

Green Tea
(EGCQG) effects

in preventing
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pathogenic features of PD; inflammation or oxidative
stress are all factors to consider (M. Li et al. 2011).

However, there are presently no medications available
to prevent or slow disease exacerbation. Traditional Chi-
nese medicine (TCM) has gained popularity due to its
effectiveness. The therapy of PD has a distinct theoretical
foundation and clinical results. Furthermore, numerous
TCM-based treatment techniques, such as Acupuncture,
Tai Chi, Chinese compound formula, and moxibustion,
are examples of treatments for both prevention and treat-
ment that have become more popular in PD (Qin et al.
2021; Jiang et al. 2018).

Jiawei-Liujunzi Tang was the subject of certain ran-
domized controlled studies conducted in China. After
24 weeks of therapy, researchers found that JLT can
relieve some non-motor complications of conven-
tional therapy and improve the communication ability
in patients with PD (M. Li et al. 2011). One of the main
herbs in the JLT, Uncaria rhynchophylla (Miq.) Jacks, or
"Gouteng" in Chinese, is the source of corynoxine B (Cory
B), an active compound that has recently been shown to
effectively promote the clearance of a-synuclein (a-syn)
aggresomes in vitro and in vivo by inducing autophagy,
which protects neurons in PD (Lu et al. 2012).

These studies utilized herbal granules prepared accord-
ing to the formulation by Zhang Lu of the Qing Dynasty
(1695), which is based on the original recipe for JLT. The
herbal preparation employed in this research consisted of
the following 11 herbs: Dang shen (Dried root of Codo-
nopsis pilosula), Sheng di (Dried root tuber of Rehmannia

Green tea uses increased antioxidant
enzymes catalase and SOD and decreased
protein and lipid oxidation in PD patients

Fig. 4 Graphical summary of the mechanism of action of green tea in preventing PD
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glutinosa), Fu ling (Dried sclerotium of the fungus, Poria
cocos), Gouteng (Dried hook-bearing stem branch of
Uncaria rhynchophylla), Bai Zhu (Rhizome of Atracty-
lodes macrocephala), Dang gui (Dried root of Angelica
sinensis), Fa ban xia (Dried tuber of Pinelliae ternate),
Chuan xiong (Dried rhizome of Ligusticum chuanxiong),
Huai niu xi (Dried root of Achyranthes bidentata), Chen
pi (Dried pericarp of the ripe fruit of Citrus reticulata),
and Sheng gan cao (Dried root and rhizome of Glycyr-
rhiza uralensis) (M. Li et al. 2011; Chua et al. 2017).

According to scientific evidence, most PD patients
may benefit from JLT if treatment is feasible. Another
double-blind, randomized, placebo-controlled clinical
experiment examined the same JLT efficacy and safety
in treating nonmotor symptoms in PD patients. 111 idi-
opathic PD patients were randomly assigned to JLT or
placebo for 32 weeks. The Nonmotor Symptoms Assess-
ment Scale total score, mood/cognition, and hallucina-
tions improved (p=0.019, 0.005, and 0.024). After post
hoc analysis, constipation decreased significantly. Overall
findings showed that, long-term JLT is well tolerated and
improves NMS mood, cognition, and constipation (Chua
etal. 2017).

4 Future perspectives
Natural products and plants with medicinal properties
have been used in the management of various kinds of
diseases for a long time. Many individuals nowadays still
use herbal nutraceuticals as their primary form of medi-
cine. More than half of the medications now being used
in clinical trials are made from natural products. Many
researchers have looked into the use of numerous herbs
and natural substances in the treatment of PD in recent
years (J. Li et al. 2019). Countless in vivo and in vitro
research have shown how different natural substances or
synthetic compounds can protect against neurodegenera-
tive disorders. In the future, natural products may be a
very promising option for treating PD. Some plants have
been shown to be more trustworthy and effective than
typical synthetic medications. One of the most significant
sources of currently accessible medications to treat neuro-
logical problems is natural products (Tathagata Sengupta
et al. 20164, b). In modern times, more than 50% of medi-
cations related to PD treatment are extracted from Natu-
ral Products (Leonoudakis et al. 2017). Natural products
have been used for long as a reliable source for the treat-
ment of different neurological diseases (Corona 2018).
This century may see lots of new techniques, technology,
and models for using natural products in medical science.
Additionally, many of these natural compounds
have anti-PD capabilities due to their well-known
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anti-oxidative and anti-inflammatory properties, as
well as their inhibitory functions in protein misfil-
ing and the regulatory impacts of PD-related pathways
(Grkovic et al. 2014). The future will rely heavily on
new drugs obtained from natural products not only for
PD treatment but also for all neurodegenerative disor-
ders. However, more sophisticated studies are required
to determine their safety, optimal dosage, and actual
benefits in treating various types of neurological dis-
eases. Additionally, exploring and identifying better
natural products for potential therapeutic use is a valid
and important endeavor. To do this, researchers can
consider several approaches, such as bioprospecting,
ethnobotanical and ethnopharmacological studies, bio-
diversity conservation, advanced analytical techniques,
computer-aided drug discovery (CADD), and open data
sharing. Besides, purification/enrichment or chemical
synthesis of certain components from natural products
can have several potential benefits, which may enhance
their effects in various applications.

5 Concluding remarks

People with neurological diseases are frequently sensitive
to some severe cases in the body and sometimes cause
death. This moribund condition demands an alternative
therapy that has a minimum side effect and encourages
researchers to develop new drugs from natural products.
This review suggests natural products are alternative
options for relieving and managing PD. Drug design and
development authorities should consider the suggested
natural products of this review article to develop new
drugs.
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