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ABSTRACT

Momordica charantia L. (M. charantia), also referred as bitter gourd or bitter
melon, is a cucurbit plant commonly found in tropical and subtropical regions
of the world. As an important ingredient in traditional medicine, it has been
consumed to treat a wide range of diseases including diabetics and cancer
in India, Indian subcontinent and China. This plant contains a rich source of
flavonoids, saponins, triterpenes, polysaccharides, proteins, and other phyto-
chemicals. Earlier studies have demonstrated the medicinal properties such
as anti-diabetic, anti-cancer, anti-oxidant, anti-inflammatory and anthelmintic
properties present in M. charantia. Neurodegenerative diseases are the dev-
astating diseases which affect millions of people worldwide. Alzheimer’s dis-
ease, Parkinson’s disease, multiple sclerosis and amyotrophic lateral sclero-
sis are some of the common neurodegenerative diseases. These diseases are
described by degeneration and /or loss of selective neuron populations in a
progressive manner. Oxidative stress and inflammation are the hallmarks of
neurodegenerative diseases. Many medicinal herbs and their derivatives have
been investigated to treat neurodegenerative diseases. However, very few
studies have reported the protective effects of M. charantia against neurode-
generative diseases. In this short review, we discuss the preclinical studies
with the focus on the neuroprotective effects of M. charantia. Based on the
anti-oxidant and anti-inflammatory properties, in this review we emphasize
to further explore the protective effects of M. charantia in neurodegenerative
and neuroinflammatory diseases.
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charantia grows in tropical and subtropical regions
and has been widely used in folk medicine in India,
Sri Lanka, Pakistan and China for ages (Polito et al.,
2016). Different varieties of M. charantia are avail-
able in different habitats (Thakur, 2018). Proteins,
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polysaccharides, flavonoids, alkaloids, glycosides,
phenolics, tannins, triterpenoids, and steroids are
the common phytochemicals present in M. charan-
tia (Wang et al., 2017). Moreover, this plant is a rich
source for a range of saponins such as momordicin,
karavilagenin, and karaviloside (Keller et al, 2011).

M. charantia plant has been used against a wide
range of diseases including diabetes, cancer,
obesity, microbial infections, hypertension, and
AIDS (Grover and Yadav, 2004), and these medic-
inal properties are ascribed to the fruits, unripe
fruits in particular, leaves, seeds and roots of
the plant (Scartezzini and Speroni, 2000). Ear-
lier reviews had discussed the medicinal role
of M. charantia against obesity and inflamma-
tory diseases (Fan et al, 2019; Bortolotti et al,
2019). Other pleiotropic effects such as antitu-
mor effects (Fang et al, 2019) and anthelmintic
effects (Jiraungkoorskul and Poolperm, 2017) have
also been discussed in recent reviews; however,
no review article had specifically pointed out its
neuroprotective effects.

In this review we discuss the preclinical studies
focused on studying the neuroprotective effects of
M. charantia. In order to collect research arti-
cles related to neuroprotective effects we performed
PubMed and Google scholar searches using the
following key words: ‘Momordica charantia’ and
‘Neuroprotective effects’, ‘Momordica charantia’ and
‘Neurodegenerative diseases’, and ‘Momordica cha-
rantia’ and ‘Neuroinflammatory diseases. More-
over, we emphasize the potential of M. charantia as
a therapeutic agent against the yet unexplored neu-
rodegenerative and neuroinflammatory diseases.

Neuroprotective properties

Neurodegenerative diseases (NDs) are untreatable
and debilitating diseases, described by degenera-
tion and /or loss of selective neuron populations
in a progressive manner, which differs from the
cell death, occurs due to any metabolic or toxic
stress (Dugger and Dickson, 2017). There are dif-
ferent types of NDs including Alzheimer’s disease
(AD), Parkinson’s disease (PD), and Multiple Scle-
rosis (MS), Motor neuron diseases (MND), Hunting-
ton’s disease (HD), and Prion disease. Among these,
AD, PD, MS and HD are the most commonly occur-
ring NDs (Hussain et al.,, 2018). Neuronal cell death
is considered as a major hallmark of NDs. Neu-
rotoxic molecules such as reactive oxygen species
(ROS) and protein aggregates induce neuroinflam-
mation or neuronal cell death, which eventually lead
to neurodegeneration (Chi et al, 2018). Number of
preclinical studies demonstrated the neuroprotec-
tive effects of crude extract or purified compounds

of M. charantia by attenuating oxidative stress, neu-
roinflammation and cell death.

In vitro studies

Anti-oxidant properties of M. charantia have been
demonstrated in in vitro studies. Choi et al.
showed that M. charantia-derived phenolic proto-
catechuic acid significantly reversed C6 glial cell
damage induced by hydrogen peroxide (H20,) and
AD-associated amyloid beta 25-35 (AfB25_35). In
this study, ROS production was controlled by pro-
tocatechuic acid (Choi et al, 2014). Similar anti-
oxidant and anti-apoptotic effects were exerted by
ethanol extract of M. charantia fruits against oxida-
tive stress-induced SK-N-MC human neuroblastoma
cell death. Results from this study showed that
the extract blocked mitochondria dependent apop-
totic pathways and inhibited mitogen-activated pro-
tein kinase (MAPK) signaling by suppressing MAPK
phosphorylation (Kim et al, 2018). In another
study, Tamilanban et al. proved that charantin
derived from the fruits of M. charantia efficiently
protected human SH-SY5Y neuroblastoma cells
against neurotoxins 1-methyl-4-phenylpyridinium
(MPP) and tunicamycin (Tamilanban, 2018).

Gong et al. found that M. charantia polysaccha-
rides exerted neuroprotection against primary rat
hippocampal neuronal cells subjected to oxygen glu-
cose deprivation (Gong et al, 2015). Altogether,
these in vitro studies found substantial anti-oxidant
and neuroprotective effects of M. charantia.

In vivo studies

Neuroprotective effects of M. charantia have been
considerably investigated in limited number of in
vivo NDs models. Neuronal cell loss followed by
memory impairment is a characteristic feature in
AD. Pathakotla et al. demonstrated the neuropro-
tective effect of M. charantia fruits in scopolamine-
induced mouse AD model. The data of this
research showed that ethanolic extract of M. charan-
tia fruits attenuated the memory loss and improved
learning and memory in AD mice by blocking
lipid peroxidation and acetyl cholinesterase activ-
ity (Pathakota, 2017). Similar anti-amnesic activ-
ity was reported in by scopolamine-induced rat AD
model (Joshi et al., 2017). In a recent study, hydro-
alcoholic extract of M. charantia fruits showed to
restore the memory in scopolamine-induced mouse
model (Miri et al, 2019). In another important
study, co-administration of M. charantia fruit pow-
der was found to reduce the side effects of Lithium
Chloride-mediated treatment in 3 xTg-AD mice and
in streptozotocin-induced AD mice. The results of
this study provided more details on the underlying
neuroprotective mechanisms of M. charantia in AD.
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Figure 1: The medicinal properties and underlying molecular mechanisms of M. charantia,and its
possible protective effects against the yet unexplored neurodegenerative diseases

Typical AD pathological features including extensive
neuronal loss, gliosis, oligomeric A5 formation, and
hyperphosphorylated tau protein level were sub-
stantially reduced by M. charantia (Huang et al,
2018). Thus, these studies showed that M. charan-
tia shall be a promising phytotherapeutic drug can-
didate plant to treat AD.

Nerurkar et al. demonstrated anti-oxidant and
anti-neuroinflammatory properties of M. cha-
rantia in high-fat diet associated oxidative stress
and neuroinflammation in mice.  Anti-oxidant
markers glutathione, glutathione peroxidase,
catalase, and superoxide dismutase were signifi-
cantly normalized while pro-inflammatory markers
interleukin-16 (IL-16), IL-17R, IL-22, and NF-
xB1 were markedly reduced in mouse brain by
M. charantia. In addition, gliosis markers Ibal,
CD11b, GFAP and S1003 were decreased in M.

charantia-fed mice (Nerurkar et al., 2011). A recent
study by Deng et al. reported that M. charantia
downregulated the hippocampal expression of
pro-inflammatory cytokine markers tumor necrosis
factor-alpha (TNF-a), IL-6, and IL-183 in mouse
model associated with chronic social defeat stress.
Moreover, hippocampal expression of positive
inflammation mediators c-jun N-terminal kinase
(JNK3), c-Jun, P-1103 was reduced and activity of
negative inflammation mediators phosphatidyli-
nositol 3-kinase (PI3K) and protein kinase B (AKT)
was increased in M. charantia-treated mice (Deng
et al, 2019). Thus, these studies showed effective
anti-neuroinflammatory properties of M. charantia
fruits.

Ishola et al. showed anti-depressant and anxi-
olytic effects of methanolic extract of M. charan-
tia in mice subjected to depression and anxiety.
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They found that anti-depressant mechanism was
attributed to the activation of receptors for sero-
tonergic, noradrenergic, dopaminergic, and mus-
carinic cholinergic neurons and anxiolytic mecha-
nism was attributed to the activation of receptors for
GABA sergic neurons (Ishola et al., 2013).

Neuroprotective effects of M. charantia have been
examined in in vivo neuronal injury models. In
rat intracerebral hemorrhage-induced brain injury
model, polysaccharide obtained from M. charan-
tia exerted neuroprotection via negatively regulat-
ing the expression of pro-apoptotic factors JNK3, c-
jun, and caspase-3 (Duan et al, 2015). In another
study, M. charantia polysaccharides were proved to
execute protective effects in rat model of cerebral
ischemia-reperfusion injury. Data from this study
were in line with Duan et al. as the polysaccharides
of M. charantia blocked the stimulation of JNK3/c-
Jun/Fas-L and JNK3/cytochrome C/caspases-3 sig-
naling pathways in brain regions damaged with
ischemic injury. In addition, scavenging effects was
also noticed against free radicals including NO,05~
and ONOO~ (Gong et al,, 2015). Malik et al. demon-
strated the neuroprotective effect of M. charan-
tia against neuronal cell death induced by cere-
bral ischemia-reperfusion model in diabetic mice.
In this study, it was observed that M. charantia
reduced the cerebral infarct size and free ROS gen-
eration (Malik et al, 2011). In 2013, the same
group reported neuroprotective effect of M. charan-
tia in Streptozotocin-driven mice diabetic neuropa-
thy model. Serum markers associated with oxido-
nitrosative stress were reduced in M. charantia-
treated diabetic mice, which eventually protected
against diabetes-induced neuropathy (Malik et al,
2013). Altogether, these studies revealed the neu-
roprotective effects of M. charantia against different
in vivo neuronal injury models. The medicinal prop-
erties and underlying molecular mechanisms of M.
charantia, and its possible protective effects against
the yet unexplored NDs have been presented in Fig-
ure 1.

Future directions

Medicinal properties of M. charantia have been
largely explored in preclinical studies linked to dia-
betes and cancer. Very few experiments have been
attempted to investigate its efficacy in NDs, for
ex.,, AD and neuronal injury. As mentioned ear-
lier, oxidative stress and inflammation are the key
pathological hallmarks of NDs. Research in recent
years has been focusing on finding traditional herbs
or their novel phytochemicals that may target mul-
tiple pathological conditions via antioxidant and
anti-inflammatory properties. Moreover, they mod-

ulate free radical scavenging activity, mitochon-
drial stress, apoptotic factors, and neurotrophins
expression. Preclinical studies revealed that the
extract of M. charantia provide neuroprotection
via its exemplary antioxidant and anti-inflammatory
properties. At molecular level, M. charantia was
found to modify PI3K/ATK, JNK3/c-Jun/Fas-L and
JNK3/cytochrome C/caspases-3 signaling pathways
which are key pathways associated with inflamma-
tion. By considering these data we propose that
therapeutic efficacy of M. charantia plant must be
explored against NDs like ALS, PD, HD and MS using
appropriate in vitro and in vivo models. Pathways-
targeted phytocompounds identification and isola-
tion from M. charantia shall be initiated and studied
in large scale using suitable model systems. Based
on the results, clinical trials shall be promoted to
treat patients with NDs.

CONCLUSIONS

M. charantia is used in traditional medicine to
treat diabetes, cancer, inflammatory diseases, viral
diseases, hypercholesterolemia and other diseases.
NDs are incurable, life-threatening diseases with
severe oxidative stress and inflammation. The
presence of effective natural anti-oxidant and anti-
inflammatory compounds and supportive preclini-
cal studies suggested the usage of M. charantia as a
promising therapeutic plant candidate against NDs.
Additional and new in vitro and in vivo models are
guaranteed to decipher the role of M. charantia in
ND treatment.
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