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Djream contains phytotherapeutic extracts of Trigonella foenum graecum, 
Nelumbo nucifera, Peganum harmala, Boswellia sacra, Curcuma longa, and 
Cinnamomium vera. Using advanced laboratory extraction apparatus & 
proprietary production protocols, these phytochemicals are known for their 
neuroplasticity and neuromodulated properties which have been observed by 
changes in excitability, disinhibition, and enabled neuroplasticity. 
 
Trigonella foenum graecum is a synergist of Oxytocin - a hypothalamic 
neuropeptide known for peripheral actions regulating uterine contraction during 
parturition and milk letdown during nursing. However, oxytocin also acts within 
the brain to coordinate a suite of social behaviors, including maternal nurturing, 
mother-infant bonding, social recognition, and pair-bonding. The neural 
mechanisms of oxytocin regulation of social behaviors have enhanced our 
understanding of these cellular and synaptic mechanisms. 
 
Oxytocin is a nine amino acid–long cyclical peptide that is synthesized in 
hypothalamic neurons, packaged into dense-core vesicles, and transported into 
dendrites and axons for release. Oxytocin is synthesized in the paraventricular 
nucleus (PVN), supraoptic nucleus (SON), and accessory magnocellular 

hypothalamic nuclei. Most oxytocin is secreted into the bloodstream via axonal release from the posterior 
pituitary. Regulation of synaptic inhibition seems to be a major, if not the most common, mode of 
oxytocinergic modulation in the brain, although specific effects vary across regions. Oxytocin activates 
inhibitory cell types in other cortical, subcortical, and peripheral regions 
 
Oxytocin acts in many brain areas to recruit local inhibitory circuits. Modulation of inhibitory circuits 
enables more selective signal enhancement for specific cell types, synapses, and sensory inputs than does 
the direct excitation of principal cells (Froemke & Schreiner 2015). These observations underscore the 
importance of examining spontaneous and evoked patterns of synaptic transmission to determine local 
circuit effects of neuromodulation.  There are potentially many biological processes by which oxytocin 
receptor signaling can indirectly influence gene expression, excitability, synaptic transmission, and neural 
computations (Jurek & Neumann 2018).  
 
Through widespread direct and indirect effects on neural excitability, oxytocin also affects perception and 
cognition.  Long-term synaptic plasticity can serve as a mechanism for enhancing and stabilizing neural 
representations of important sensory stimuli related to social interactions. Oxytocin acts as a 
neuromodulator to amplify incoming signals, increasing the salience of sensory input and leading to 
refinement of subsequent behaviors via mechanisms of long-term plasticity.  Growing evidence has shown 
that oxytocin has a large number of effects on neurons in the central nervous system. A consistent finding 
is that oxytocin increases excitability and enables synaptic plasticity. 
 



                                     
 

In traditional medicine, P. harmala has been used among societies to treat some nervous system disorders 
such as Parkinson's disease, in psychiatric conditions such as nervosity, and to relieve rigorous pain. The 
alkaloid content of P. harmala is shown to be psychoactive and various in vitro and in vivo studies indicate 
a wide range of effects produced by P. harmala and its active alkaloids on both central and peripheral 
nervous system including, analgesia, hallucination, excitation, and anti-depressant effect. Beta-carbolines 
present in P. harmala strongly inhibit monoamine oxidase enzyme that is the main factor in degradation 
and reuptake of monoamines like serotonin and norepinephrine. 
 
Nelumbo nucifera, also known as sacred lotus has demonstrated neuroprotective activity. It attenuates 
brain damage, improves memory and learning abilities, and has antidepressant action. Neferine a 
component of sacred lotus, reduced seizure severity, exerted neuroprotective effects, and ameliorated 
neuroinflammation in the hippocampi of KA-treated rats, possibly by inhibiting NLRP3 inflammasome 
activation and decreasing inflammatory cytokine secretion.  
 
Boswellia sacra, known as Olibanum-tree or Frankincense, is a small deciduous tree that is native to the 
Arabian Peninsula and northeastern Africa, and is one of the plants known to produce olibanum. Previous 
chemical investigations on the gum resin from B. sacra have reported the isolation of a number of 
cembranoids with neuroprotective, hepatoprotective, anti-inflammatory and anti-depression activities. 
 
Trigonella foenum graecum – Constituents include flavonoids, alkaloids, coumarins and saponins; the 
most prevalent alkaloid is trigonelline and coumarins include cinnamic acid and scopoletin. 
Nelumbo nucifera, also known as sacred lotus, Laxmi lotus, Indian lotus, or simply lotus. Neferine is a 
bisbenzylisoquinoline alkaloid, a major component from the seed embryos of N. nucifera. Neferine is 
effective in the treatment of high fevers and hyposomnia, as well as arrhythmia, platelet aggregation, 
occlusion, and obesity. Neferine has been found to have a variety of therapeutic effects such as anti-
inflammatory, antioxidant, anti-hypertensive, anti-arrhythmic, anti-platelet, anti-thrombotic, anti-
amnesic, and negative inotropic. Neferine also exhibited anti-anxiety effects. 
Peganum harmala, Peganum harmala seeds have been used as a substitute for Banisteriopsis 
caapi in ayahuasca analogs, as they contain monoamine oxidase inhibitors that enable DMT to be orally 
active 
Elitaria cardamomum, the highest sources of plant-based zinc. extracts of cardamom may be effective 
against a variety of bacterial strains that contribute to fungal infections. 
Curcuma longa, anti-aging, antioxidant, anti-inflammatory, anti-arthritic, and anti-cancer effects and 
increases BDNF (Brain-derived Neurotropic Factor). 
Boswellia sacra Its anti-inflammatory effects mean that it may help with inflammatory conditions, such 
as rheumatoid arthritis, inflammatory bowel disease, and asthma. It is used as a rejuvenating medicine 
and treats menstrual pain, mouth problems, wounds, sores, ulcers, carbuncles, hemorrhoids, 
inflammation, and throat problems. Analgesic Effects. &e analgesic effects of crude extracts and 
fractions of Omani frankincense obtained from B. sacra. Anti-Alzheimer Effect. &e genus 
Boswellia has been suggested to cure or prevent neurodegenerative disorders through anti-
inflammatory, antioxidative, antiamyloidogenic, and antiapoptotic effects [50]. Evaluating the 
effect of essential oil obtained from resins of B. sacra showed that frankincense essential oil can 
significantly inhibit the acetylcholinesterase enzyme (AChE). Inhibition of AChE leads to increased 
acetylcholine levels in the brain and improves memory in Alzheimer’s disease patients. 
Cinnamomium vera - Contains antioxidants, including polyphenols, phenolic acid and flavonoids. These 
compounds work to fight oxidative stress in the body and aid in the prevention of chronic disease. 



                                     
 

Citation: Chaurasiya, N.D.; Leon, F.;

Muhammad, I.; Tekwani, B.L.

Natural Products Inhibitors of

Monoamine Oxidases—Potential

New Drug Leads for

Neuroprotection, Neurological

Disorders, and Neuroblastoma.

Molecules 2022, 27, 4297. https://

doi.org/10.3390/molecules27134297

Academic Editors: Maurizio Battino,

Francesco Cacciola, Milen I. Georgiev,

Vincenzo De Feo, Roberto Fabiani,

Maria Z. Tsimidou and Luca Rastrelli

Received: 30 April 2022

Accepted: 29 June 2022

Published: 4 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

molecules

Review

Natural Products Inhibitors of Monoamine Oxidases—Potential
New Drug Leads for Neuroprotection, Neurological Disorders,
and Neuroblastoma
Narayan D. Chaurasiya 1,*, Francisco Leon 2,* , Ilias Muhammad 3,* and Babu L. Tekwani 1,*

1 Scientific Platforms, Southern Research, Birmingham, AL 35205, USA
2 Department of Drug Discovery and Biomedical Sciences, College of Pharmacy, University of South Carolina,

Columbia, SC 29208, USA
3 National Center for Natural Products Research, Research Institute of Pharmaceutical Sciences,

School of Pharmacy, University of Mississippi, University, MS 38677, USA
* Correspondence: nchaurasiya@southernresearch.org (N.D.C.); jleon@mailbox.sc.edu (F.L.);

milias@olemiss.edu (I.M.); btekwani@southernresearch.org (B.L.T.); Tel.: +1-205-581-2026 (N.D.C.);
+1-803-576-6082 (F.L.); +1-662-915-1051 (I.M.); +1-205-581-2205 (B.L.T.)

Abstract: Monoamine oxidase inhibitors (MAOIs) are an important class of drugs prescribed for
treatment of depression and other neurological disorders. Evidence has suggested that patients
with atypical depression preferentially respond to natural product MAOIs. This review presents
a comprehensive survey of the natural products, predominantly from plant sources, as potential
new MAOI drug leads. The psychoactive properties of several traditionally used plants and herbal
formulations were attributed to their MAOI constituents. MAO inhibitory constituents may also be
responsible for neuroprotective effects of natural products. Different classes of MAOIs were identified
from the natural product sources with non-selective as well as selective inhibition of MAO-A and
-B. Selective reversible natural product MAOIs may be safer alternatives to the conventional MAOI
drugs. Characterization of MAO inhibitory constituents of natural products traditionally used as
psychoactive preparations or for treatment of neurological disorders may help in understanding
the mechanism of action, optimization of these preparations for desired bioactive properties, and
improvement of the therapeutic potential. Potential therapeutic application of natural product MAOIs
for treatment of neuroblastoma is also discussed.

Keywords: natural products; monoamine oxidases (MAO-A and -B); antidepressant; monoamine
oxidase inhibitors; neurological disorders; neuroprotection; Parkinson’s disease; neuroblastoma

1. Introduction
Amine oxidases are a heterogenous group of enzymes that metabolize various mono-

amines, diamines, and polyamines produced endogenously for physiological functions or
exogenous xenobiotic substances absorbed through dietary intake [1]. The amine oxidases
are distinguished by their co-factor requirements and substrate specificities [2]. The flavin
adenine dinucleotide (FAD)-dependent amine oxidases include mitochondrial monoamine
oxidase A (MAO-A), monoamine oxidase B (MAO-B), and cytosolic polyamine oxidases
(PAOs). Copper and topoquinone (TPQ)-dependent amine oxidases include plasma and
tissue enzymes, also referred to as semicarbazide-sensitive amine oxidases (SSAOs) [3]
(Figure 1). This review primarily focused on MAO-A and MAO-B due to their predominant
role in oxidative deamination of endogenous neurotransmitter biogenic monoamines such
as dopamine, epinephrine (EPI), and norepinephrine (NE) [4]. Changes in the physiolog-
ical levels of these monoamines have been implicated in the pathophysiology of several
neurological disorders.

Differential localization of MAO-A and -B in tissues determines their physiological
functions. MAO-A and -B play an important role in deamination of biogenic amines in

Molecules 2022, 27, 4297. https://doi.org/10.3390/molecules27134297 https://www.mdpi.com/journal/molecules
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Abstract
Oxytocin regulates parturition, lactation, parental nurturing, and many other social behaviors in 
both sexes. The circuit mechanisms by which oxytocin modulates social behavior are receiving 
increasing attention. Here, we review recent studies on oxytocin modulation of neural circuit 
function and social behavior, largely enabled by new methods of monitoring and manipulating 
oxytocin or oxytocin receptor neurons in vivo. These studies indicate that oxytocin can enhance 
the salience of social stimuli and increase signal-to-noise ratios by modulating spiking and 
synaptic plasticity in the context of circuits and networks. We highlight oxytocin effects on social 
behavior in nontraditional organisms such as prairie voles and discuss opportunities to enhance 
the utility of these organisms for studying circuit-level modulation of social behaviors. We then 
discuss recent insights into oxytocin neuron activity during social interactions. We conclude by 
discussing some of the major questions and opportunities in the field ahead.
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hypothalamus; maternal care; neural circuits; neuromodulation; social bonding; social behavior
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INTRODUCTION

Harmal[1] (Peganum harmala L. family Zygophyllaceae) is a 
perennial, glabrous plant which grows spontaneously in 
semi-arid conditions, steppe areas and sandy soils, native to 
eastern Mediterranean region. It is a shrub, 0.3-0.8 m tall with 
short	creeping	roots,	white	flowers	and	round	seed	capsules	
carrying more than 50 seeds. The plant is well-known in Iran 
and is widely distributed and used as a medicinal plant in 
Central Asia, North Africa and Middle East.[2-5] It has also been 
introduced in America and Australia. Dried capsules – mixed 
with other ingredients – are burnt as a charm against “the evil 
eye” among Iranians.[2] This plant is known as “Espand” in Iran, 
“Harmel” in North Africa and “African rue,” “Mexican rue” or 
“Turkish rue” in the United States.[6] Various parts of P. harmala 

including its seeds, fruits, root, and bark, have been used as folk 
medicine for a long time in Iran and other countries [Table 1]. 
Many pharmacological surveys have shown different effects of 
P. harmala [Table 4] and/or its active alkaloids (particularly 
harmaline) [Table 5].

Studies carried out on the chemical composition of the 
extracts show that beta-carboline and quinazoline alkaloids 
are important compounds of this plant [Figure 1]. In one 
study, the concentration of harmaline in different parts 
of the plant including seeds, fruits, and capsule walls was 
determined by Reverse phase high-performance liquid 
chromatography (RP-HPLC) as 56.0 mg/g, 4.55 mg/g and 
0.54 mg/g, respectively.[7] Although, harmaline and harmine 
are the most important alkaloids that are generally responsible 
for	their	beneficial	effects,	numerous	studies	show	that	other	
alkaloids present in P. harmala also have some roles in the 
pharmacological effects of the plant.[8] Harmaline (C13H15ON2) 
was	 first	 isolated	 by	Göbel	 from	 the	 seeds	 and	 roots	 of	
P. harmala and is the major alkaloid of this plant.[6] In addition 
to P. harmala (Harmal), beta-carboline alkaloids are present in 
many other plants such as Banisteriopsis caapi (Malpighiaceae). 
They are also constituents of Ayahuasca, a hallucinogenic 
beverage ingested in rituals by the Amazonian tribes.[7] This 
article completely reviews the pharmacological effects of 
P. harmala [Table 2] and its active ingredients [Table 3].[6,7]

P H C O G  R E V .

Wild Syrian rue (Peganum harmala L. family Zygophyllaceae) is well‑known in Iran and various parts of this plant including, its 
seeds, bark, and root have been used as folk medicine. Recent years of research has demonstrated different pharmacological 
and therapeutic effects of P. harmala and its active alkaloids, especially harmine and harmaline. Analytical studies on the 
chemical composition of the plant show that the most important constituents of this plant are beta‑carboline alkaloids such 
as harmalol, harmaline, and harmine. Harmine is the most studied among these naturally occurring alkaloids. In addition to 
P. harmala (Syrian rue), these beta-carbolines are present in many other plants such as Banisteria caapi and are used for 

the treatment of different diseases. This article reviews the traditional uses and pharmacological effects of total extract 

and individual active alkaloids of P. harmala (Syrian rue).

Key words: Harmine, harmaline, peganum harmala, pharmacological effects, wild syrian rue
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Abstract

Context: The health benefits and medicinal properties of herbal food products are known since
antiquity. Fenugreek [Trigonella foenum-graecum Linn. (Fabaceae)], a seed spice used to
enhance flavor, color and texture of food, is employed for medicinal purposes in many
traditional systems. A number of epidemiological studies and laboratory research have
unraveled the biological actions of fenugreek.
Objective: Research on fenugreek in recent years has identified a number of health benefits and
physiological attributes in both experimental animals as well as clinical trials in humans. In this
study we have reviewed the available scientific literature on fenugreek.
Methods: This review article summarizes and reviews published experimental studies and
scientific literature from the databases including PubMed, Google and local library searches.
Results: The information available in the literature on the health benefits and pharmaceutical
effects of Trigonella accounts for its known medicinal properties and adds new therapeutic
effects in newer indications. Besides its known medicinal properties such as carminative, gastric
stimulant, antidiabetic and galactogogue (lactation-inducer) effects, newer research has
identified hypocholesterolemic, antilipidemia, antioxidant, hepatoprotective, anti-inflammatory,
antibacterial, antifungal, antiulcer, antilithigenic, anticarcinogenic and other miscellaneous
medicinal effects of fenugreek. Although most of these studies have used whole seed powder
or different forms of extracts, some have identified active constituents from seeds and
attributed them medicinal values for different indications.
Conclusion: The resarch on Trigonella exhibits its health benefits and potential medicinal
properties in various indications and has little or no side effects, suggesting its pharmaceutical,
therapeutic and nutritional potential.

Keywords

4-Hydroxyisoleucine, anticarcinogenic,
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Introduction

Use of plant-derived medicinal compounds has been in
practice since antiquity in many cultural systems including
India, China, Egypt and Middle Eastern countries. In recent
times, plant-derived medicinal compounds are being widely
used and are suggested by doctors to be used in a number of
ailments due to their minimal side effects and numerous
positive effects on human health. Out of many such medicinal
plants, fenugreek [Trigonella foenum-graecum Linn
(Fabaceae)] has recently attracted the attention of scientists
from across the globe. Fenugreek is native to Eastern Europe
and parts of Asia but now widely cultivated almost all over
the world for its leaves and seeds, which are commonly

used as leafy vegetables and condiments, respectively
(Anonymous, 1998; Rastogi & Mehrotra, 1990; Srinivasan,
2006). Fenugreek plant is an erect annual herb with trifoliate
leaves reaching a height of 0.3–0.8 m. The plants bear white
or yellow flowers, which give rise to long, slender, yellow to
brown pods. At maturity the pods contain hard brown seeds
of fenugreek, which is known and utilized for its medicinal
use. While the green leaves are used as a vegetable in many
societies, the dried leaves are an excellent additive in many
food preparations in the Indian subcontinent.

In the ancient Indian traditional system of medicine,
Ayurveda, fenugreek has been suggested as an important
medicine to treat a variety of digestive and mucosal condi-
tions (Escot, 1994/95; Passano, 1995). The fenugreek seed has
traditionally been used as a carminative, demulcent, expec-
torant, laxative and stomachic agent. The mature fenugreek
seed has many other active components such as amino acids,
fatty acids, vitamins and saponins such as disogenin,
gitogenin, neogitogenin, homorientin saponaretin, neogigo-
genin and trigogenin, fibers, flavonoids, polysaccharides,
fixed oils and some identified alkaloids, that is, trigonelline
and choline (Jayaweera, 1981; Yoshikawa et al., 1997). The
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Basic Science Building, 301 University Blvd., Galveston, TX 77555,
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Abstract: We previously demonstrated galactagogue e↵ect of fenugreek in a rat model of lactation
challenge, foreshadowing its use in women’s breastfeeding management. To assess longitudinal
molecular mechanisms involved in milk synthesis/secretion in dams submitted to fenugreek
supplementation, inguinal mammary, pituitary glands and plasma were isolated in forty-three rats
nursing large 12 pups-litters and assigned to either a control (CTL) or a fenugreek-supplemented
(FEN) diet during lactation. RT-PCR were performed at days 12 and 18 of lactation (L12 and L18)
and the first day of involution (Inv1) to measure the relative expression of genes related to both milk
synthesis and its regulation in the mammary gland and lactogenic hormones in the pituitary gland.
Plasma hormone concentrations were measured by ELISA. FEN diet induced 2- to 3-times higher fold
change in relative expression of several genes related to macronutrient synthesis (Fasn, Acaca, Fabp3,
B4galt1, Lalba and Csn2) and energy metabolism (Cpt1a, Acads) and in IGF-1 receptor in mammary
gland, mainly at L12. Pituitary oxytocin expression and plasma insulin concentration (+77.1%) were
also significantly increased. Altogether, these findings suggest fenugreek might extend duration of
peak milk synthesis through modulation of the insulin/GH/IGF-1 axis and increase milk ejection by
activation of oxytocin secretion.

Keywords: fenugreek; galactagogue; milk synthesis; gene expression; lactating mammary gland;
pituitary gland; insulin; oxytocin

1. Introduction

The World Health Organization (WHO) recommends exclusive breastfeeding for infants up to
6 months of age, based on evidence of its clear health benefits on mother–infant dyad [1–3]. Yet, 6 months
after delivery, less than 40% of mothers are still breastfeeding in several high-income countries of
North America and Europe [4]. Although the early cessation of breastfeeding is multifactorial [5],
the perception that their milk secretion is insu�cient to support adequate infant growth is reported
by about 35% of lactating women [6,7]. Though perceived milk insu�ciency due to psychological

Genes 2020, 11, 1208; doi:10.3390/genes11101208 www.mdpi.com/journal/genes
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Abstract: Fenugreek (Trigonella foenum-graecum L.) is a medicinal plant that has been used as a food
condiment as well as for its multiple therapeutic characteristics since ancient times. Fenugreek plant
grows up to 60 cm in height, and its seeds are golden-yellow rhomboidal-shaped. Though fenugreek
is more commonly known for its seeds, the leaves and stem have also been reported to have medicinal
uses. These properties exhibited are due to the content of the secondary metabolites, also known as
phytochemicals, in the fenugreek plant. Such metabolites are alkaloids, saponins, tannins, phenols,
and many others. Fenugreek has been used traditionally for numerous indications, such as aid in
labour, lactation stimulant, and laxatives. In modern research, there have been several animal and
clinical studies that have shown therapeutic effects of fenugreek when taken orally. Fenugreek is a
suitable plant candidate with a high prospect of being used as a credible medicinal plant to derive
new drugs. This review aims to summarize the physical and chemical properties of fenugreek and its
bioactive compounds that have been isolated for medicinal purposes and discusses the traditional
and pharmacological uses of fenugreek.

Keywords: alkaloids; fenugreek; pharmacological potential; phytochemicals; trigonella foenum-graecum;
saponins

1. Introduction
Despite the incredible advances in medicine development, herbal crops are still widely

used for treating and preventing a variety of diseases due to their medicinal and nutraceu-
tical characteristics. Trigonella foenum-graecum L., or also commonly known as fenugreek,
is known to be one of the plants with these traits. It is from the family of Fabaceae and is a
self-pollinating annual herbaceous aromatic crop, also known as bird’s foot, Greek hayseed,
halba, and methi [1]. Its origin is India and Northern Africa; however, it is now widely
cultivated in Northern Africa, Europe, South Asia, Argentina, and Australia. Fenugreek is
mainly produced in India, which accounts for 80% of the total world production [2]. Fenu-
greek seeds and leaves are used as a spice and ingredient in culinary preparation in several
countries. It is used as a functional and traditional food, as well as in nutraceuticals and
physiological application. Because of its high fibre, protein, and gum content, fenugreek
has recently been utilized as a food stabilizer and emulsifying agent.

Fenugreek is known to be one of the world’s most ancient medicinal herbs, in relation
to which the seeds and leaves are used as a treatment in various ailments [3]. The leaves
and seeds of T. foenum-graecum are extensively utilized to make extracts and powder for
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Aromatic oleo-gum-resin secreted from B. sacra, reputed as frankincense, is widely used in traditional medicine to treat
Alzheimer’s disease, gastric disorders, hepatic disorders, etc. Frankincense is also used in the cosmetic, perfume, and beverage and
food industries. Frankincense is a rich resource for bioactive compounds, especially boswellic acids and derivatives. Although
several reports have described frankincense’s constituents and pharmacological activities, there is no comprehensive study that
covers the valuable information on this species. !erefore, the current review will focus on the phytochemistry, traditional uses,
and pharmacological activities of B. sacra.

1. Introduction

Boswellia sacra Flueck is a perennial plant belonging to the
family Burseraceae. Aromatic oleo-gum-resin extracted from
B. sacra, known as frankincense or olibanum (Figure 1), is used
as a home remedy, especially in Middle East countries [1].
Frankincense is harvested by making shallow incisions into the
tree trunk [2]. Frankincense is used in many industries such as
cosmetic, pharmaceutical, beverage, food, detergents, and
perfume industries [3, 4]. !e oleo-gum resin of B. sacra has
many uses for the human body, including analgesic, hep-
atoprotective, anticoagulant, antioxidant, tumor-suppressive,
anti-in"ammatory, cardioprotective, Alzheimer’s disease,
gastric, hepatic, and skin disorders [5, 6]. B. sacra is an

important source of bioactive compounds, including terpe-
noids which have a wide range of biological activities [6]. !e
most important compounds found in resin from Boswellia
sacra are boswellic acids and their derivatives, which are re-
sponsible for a number of medicinal properties belonging to
the plant.

Accordingly, this review introduces B. sacra as a valuable
herbal source in di#erent industries such as pharmacy and food.

2. Genus Boswellia Roxb. Ex. Colebr

!e genus Boswellia belongs to the family Burseraceae. It
comprises 20–25 species of trees and shrubs widely dis-
tributed in dry areas of northeast Africa, Arabia, and India
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Abstract: Current anti-seizure drugs fail to control approximately 30% of epilepsies. Therefore, there
is a need to develop more effective anti-seizure drugs, and medicinal plants provide an attractive
source for new compounds. This study aimed to evaluate the possible anti-seizure and neuropro-
tective effects of neferine, an alkaloid from the lotus seed embryos of Nelumbo nucifera, in a kainic
acid (KA)-induced seizure rat model and its underlying mechanisms. Rats were intraperitoneally
(i.p.) administrated neferine (10 and 50 mg/kg) 30 min before KA injection (15 mg/kg, i.p.). Neferine
pretreatment increased seizure latency and reduced seizure scores, prevented glutamate elevation
and neuronal loss, and increased presynaptic protein synaptophysin and postsynaptic density protein
95 expression in the hippocampi of rats with KA. Neferine pretreatment also decreased glial cell
activation and proinflammatory cytokine (interleukin-1�, interleukin-6, tumor necrosis factor-↵)
expression in the hippocampi of rats with KA. In addition, NOD-like receptor 3 (NLRP3) inflamma-
some, caspase-1, and interleukin-18 expression levels were decreased in the hippocampi of seizure
rats pretreated with neferine. These results indicated that neferine reduced seizure severity, exerted
neuroprotective effects, and ameliorated neuroinflammation in the hippocampi of KA-treated rats,
possibly by inhibiting NLRP3 inflammasome activation and decreasing inflammatory cytokine se-
cretion. Our findings highlight the potential of neferine as a therapeutic option in the treatment
of epilepsy.

Keywords: neferine; anti-seizure; neuroprotection; antiinflammation; NLRP3 inflammasome; kainic
acid; hippocampus

1. Introduction

Epilepsy is a chronic neurological disorder characterized by recurrent, spontaneous,
and unpredictable seizures and affects up to 70 million people worldwide [1]. Currently
available anti-seizure drugs (ASDs), which are the main treatment for epilepsy, mainly act
by blocking Na+ channels, inhibiting glutamatergic transmission, or enhancing GABAergic
transmission [2]. However, long-term treatment with these ASDs is often accompanied
by many side effects, and approximately 30% of patients with epilepsy do not respond
to these drugs [3,4]. Therefore, there is still a need to search for new, more effective and
safer anti-seizure medications. In this context, medicinal plants can potentially play an
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Hypoxic-ischemic encephalopathy (HIE) is recognized as the main cause of neonatal death, and efficient treatment strategies
remain limited. Given the prevalence of HIE and the associated fatality, further studies on its pathogenesis are warranted.
Oxidative stress and neuroinflammatory injury are two important factors leading to brain tissue injury and nerve cell loss in
HIE. Neferine, an alkaloid extracted from lotus seed embryo, exerts considerable effects against several diseases such as cancers
and myocardial injury. In this study, we demonstrated the neuroprotective effect of neferine on HIE and hypothesized that it
involves the inhibition of neuronal pyroptosis, thereby ameliorating neurological inflammation and oxidative stress. We
demonstrated that the mRNA levels of proteins associated with pyroptosis including caspase-1, the caspase adaptor ASC,
gasdermin D, interleukin- (IL-) 18, IL-1β, and some inflammatory factors were significantly increased in neonatal HIBD model
rats compared to those in the control group. The increase in these factors was significantly suppressed by treatment with
neferine. We stimulated PC12 cells with CoCl2 to induce neuronal HIBD in vitro and investigated the relationship between
neferine and pyroptosis by altering the expression of the NLRP3 inflammasome. The overexpression of NLRP3 partially
reversed the neuroprotective effect of neferine on HIBD, whereas NLRP3 knockdown further inhibited caspase-1 activation and
IL-1β and IL18 expression. In addition, simultaneous alteration of NLRP3 expression induced changes in intracellular oxidative
stress levels after HIBD. These findings indicate that neferine ameliorates neuroinflammation and oxidative stress injury by
inhibiting pyroptosis after HIBD. Our study provides valuable information for future studies on neferine with respect to
neuroinflammation and pyroptosis.

1. Introduction

Hypoxic-ischemic encephalopathy (HIE) is the most com-
mon cause of death and disability among neonates, with a
reported incidence of 2–3 cases per 1000 live births in devel-
oped countries and approximately 26 cases per 1000 live
births in underdeveloped countries [1, 2]. In recent years,
increased preemptive and neonatal care and improved criti-
cal care techniques have improved patient survival but they

do not prevent neurological disorders, resulting in an
increase in the incidence of such disorders in the adult pop-
ulation [3]. Surviving patients with HIE have lifelong neuro-
logical deficits, including cerebral palsy (10%–20%), auditory
and visual problems (~40%), and motor and behavioral
impairments, such as epilepsy, global developmental delay,
and autism [2, 4, 5]. Therapeutic hypothermia has been
established as a standard clinical treatment for newborns
with moderate to severe HIE; however, it is only partially

Hindawi
Oxidative Medicine and Cellular Longevity
Volume 2021, Article ID 6654954, 19 pages
https://doi.org/10.1155/2021/6654954


