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Neoechinulins are diketopiperazine type indole alkaloids that demonstrate radical

scavenging, anti-inflammatory, antiviral, anti-neurodegenerative, neurotrophic factor-like,

anticancer, pro-apoptotic, and anti-apoptotic properties. An array of neoechinulins such

as neoechinulins A-E, isoechinulins A-C, cryptoechunilin have been isolated from various

fungal sources like Aspergillus sp., Xylaria euglossa, Eurotium cristatum, Microsporum

sp., etc. Besides, neoechinulin derivatives or stereoisomers were also obtained from

diverse non-fungal sources viz. Tinospora sagittata, Opuntia dillenii, Cyrtomium fortunei,

Cannabis sativa, and so on. The main purpose of this review is to provide update

information on neoechinulins and their analogues about the molecular mechanisms of the

pharmacological action and possible future research. The recent data from this review

can be used to create a basis for the discovery of new neoechinulin-based drugs and their

analogues in the near future. The online databases PubMed, Science and Google scholar

were researched for the selection and collection of data from the available literature on

neoechinulins, their natural sources and their pharmacological properties. The published

books on this topic were also analysed. In vitro and in vivo assays have established

the potential of neoechinulin A as a promising anticancer and anti-neuroinflammatory

lead molecule. Neoechinulin B was also identified as a potential antiviral drug against

hepatitis C virus. Toxicological and clinical trials are needed in the future to improve the

phyto-pharmacological profile of neoquinolines. From the analysis of the literature, we

found that neoechinulins and their derivatives have special biological potential. Although
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some modern pharmacological analyzes have highlighted the molecular mechanisms of

action and some signalling pathways, the correlation between these phytoconstituents

and pharmacological activities must be validated in the future by preclinical toxicological

and clinical studies.

Keywords: neoechinulins, alkaloid, fungus, in vitro, in vivo, anticancer, antiviral, anti-inflammatory

INTRODUCTION

Neoechinulins are alkaloids and are consisted of three structural
moieties viz. an indole, an isoprenyl and a diketopiperazine
moiety. There are several neoechinulins and related metabolites
including neoechinulins A-E, isoechinulins A-C, cryptoechunilin
etc. (1). Neoechinulins have been isolated from Aspergillus sp.
(2–5), ascomycete Xylaria euglossa (6), and some others (7, 8).

Echinulin, preechinulin, and neoechinulin E were also
obtained as minor metabolites in the extracts of Eurotium
amstelodami and E. rubrum cultures (9). Although rarely
observed, neoechinulins and their derivatives or stereoisomers
were also isolated from different sources. Stereoisomers
of diketopiperazine indole alkaloids namely (12S, 22R)-
Dihydroxyisoechinulin A, (12S, 22S)-Dihydroxyisoechinulin
A, (12R)-Neoechinulin A, and (12S)-Neoechinulin A
were isolated from hemp seed (10). Their presence in
different plant sources including Tinosporae Radix (the
roots of Tinospora sagittata) (11), Opuntia dillenii (12),
Cyrtomium fortunei (13) etc. have also been reported. Table 1
presents the plant species as firstly reported natural sources
of neoechinulins.

Several therapeutic effects of neoechinulin A, B, and
other derivatives have been reported in different studies
including antioxidant, anti-inflammatory, antitumor effects, and
neuroprotective activity (5, 16, 19–21).

In this paper, the aim is to review the therapeutic potential of
neoechinulins together with their molecular mechanisms behind
the biological activities, specifically focusing on preclinical
pharmacological studies (Figure 1).

PURPOSES AND REVIEW METHODOLOGY

Search Strategy
A study was conducted on PubMed, ScienceDirect and Google
scholar using various combinations of MESH terms and their
synonyms: “neoechinulin,” “fungus,” “in vivo,” “in vitro,” “anti-
inflammatory,” “anti-viral,” “anti- cancer ,” “neuroprotective.”

Abbreviations: COX-2, cyclooxygenase-2; HCV, hepatitis C virus; 5-HT, 5-

hydroxytryptamine; iNOS, inducible nitric oxide synthase; IκB, inhibitor of

nuclear factor-kappa B; IL-1β, interleukin-1β; i.c.v., intracerebroventricular; LPS,

lipopolysaccharide; LXR, liver X receptor; MDCK, Madin-Darby canine kidney;

MAPKs, mitogen-activated protein kinases; MPTP, 1-methyl-4-phenyl-1,2,3,6

tetrahydropyridine; MPP+, 1-methyl-4-phenylpyridinium; NGF, nerve growth

factor; NO, nitric oxide; NF-κB, nuclear factor-kappa B; O2−, superoxide anion;

PC12, phaeochromocytoma; PGE2, prostaglandin E2; RNS, reactive nitrogen

species; ROS, reactive oxygen species; SIN-1, 3-morpholinosydnonimine.

Inclusion Criteria
- extensive works with isolated neoechinulins with the

evaluation of pharmacological activities
- pre-clinical experimental pharmacological studies with

determining doses and mechanisms of action
- studies and articles written only in the English language

Exclusion Criteria
- studies that used in the experiment extracts from different

parts of plants.
- studies in which neoechinulins have been associated with

homoeopathic preparations or other nutritional supplements
- studies that included other substances, in silico studies,

duplicates, abstracts

In this comprehensive review, we selected the best articles
highlighting the possible molecular mechanisms of the
pharmacological properties of neoechinulines. These data
have been summarised in two figures and two tables.

PHARMACOLOGICAL ACTIVITIES OF
NEOECHINULINS

Anti-inflammatory
Inflammation is an important defence mechanism of the
body during acute inflammatory responses, maintaining
tissue homeostasis (22, 23). However, sometimes uncontrolled
acute inflammation might turn into chronic and lead to an
array of medical conditions, including hepatitis, arthritis, and
neurodegenerative ailments (24–26). In numerous inflammatory
responses, macrophages reported to be activated by LPS 9
(lypopolisaccharides), produce pro-inflammatory mediators
and cytokines viz. NO, interleukin-1β (IL-1β), PGE2 etc (27).
These pro-inflammatory mediators and cytokines are induced by
different enzymes like cyclooxygenase-2 (COX-2), iNOS (28, 29).
Nuclear factor-kappa B (NF-κB) along with its inhibitory protein,
IκB controls the transcription of pro-inflammatory mediators
and cytokines such as NO (nitric oxide), iNOS (inducible isoform
NO), COX-2 (ciclooxigenase 2), TNF-α (Tumour necrosis alfa),
PGE2 (prostaglandin E2), and IL-1β (interleukin 1β) (30, 31)
Besides, mitogen-activated protein kinases (MAPKs) are also
known to induce production of cytokine and the expression of
iNOS and COX-2 (32, 33).

Neoechinulin A exhibited anti-inflammatory activity
(Table 1) on lipopolysaccharide (LPS)_-treated RAW264.7
macrophages which were implicated in the inhibition of NF-
kB and p38 MAPK pathway (16). Besides, neoechinulin A
induced reduction in the expression of iNOS catalyzes, COX-2
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TABLE 1 | The most important natural sources of neoechinulins.

Species Family Plant part Extraction Isolated compounds References

Aconitum carmichaelii Debeaux Ranunculaceae Root Ethanolic extract Neoechinulin A (14)

Portulaca oleracea L. Portulacaceae Whole Aqueous extract Oleraindole A

Neoechinulin A

Neoechinulin D

Isoechinulin A

Echinulin

(15)

Marine fungi Eurotium sp. SF-5989 Sponges Neoechinulin A

Neoechinulin B

(16)

Marine fungi Eurotium. Chevalieri

Eurotium rubrum

Aspergillus amstelodami

Sponges Neoechinulin B (17, 18)
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FIGURE 1 | A diagram with the relevant pharmacological properties of the most important neoechinulins and their potential mechanism of actions. NO, nitric oxide;

PGE, prostaglandin E2; TNF-α, tumour necrosis alfa; IL-1β, interleukin-1β; NF-Kβ, Nuclear factor-κβ; MAPK, mitogen-activated protein kinase.

and MAPK pathway dose-dependently resulted in a dose-
dependent decreased in the synthesis of nitric oxide (NO) and
prostaglandin E2 (PGE2). This mechanism indicated that natural
diketopiperazine-type indole alkaloids have anti-inflammatory
properties, and their therapeutic potential can be used to treat
inflammatory disorders (16). Moreover, neoechinulin A showed
suppressive ability on Ab42-induced microglial activation
and demonstrated capabilities to inhibit the production of
neurotoxic inflammatory mediators (TNFα, IL-1β; IL-6; PGE2)
in activated BV-2 cells through blocking the phosphorylation
of MAPK. Therefore, results proved that neoechinulin A
suppressed the production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) remarkably and reduced the
mRNA expressions and protein synthesis of various mediators
of inflammation (34).

In another study, it has been reported that marine fungi
produce natural metabolites that can reduce inflammation (35).

In another study, neoechinulins A and B were isolated
from the marine fungus Eurotium sp. SF-5989, and their anti-
inflammatory effects on lipopolysaccharide (LPS)-stimulated
RAW264.7 macrophages were investigated. The results indicated
that neoechinulin A inhibited the nitric oxide (NO) and
prostaglandin E2 (PGE2) production as well as the inducible
nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2)
expression, whereas neoechinulin B influenced the cell viability
besides its similar suppressive effect on NO production at

lower doses. Different mechanisms of action for neoechinulin
A were also reported, indicating its potential as an anti-
inflammatory agent (16).

Anti-viral
Neoechinulin A, including emodin, emodin-8-O-β-D-glucoside,
was isolated for the first time from the ethanolic root extract
of Aconitum carmichaelii and was suggested for utilisation in
discovering novel anti plant viral agents (14). Likewise, an
aqueous extract of Portulaca oleracea showed the presence of
neoechinulin D and possibilities for further utilisation for the
treatment of diseases (15) (Table 1).

This information indicated that marine plants can
produce neoechinulin and highlighted future gap area for
further investigation.

Only ten diverse compounds viz., echinulin, neoechinulin
A, neoechinulin D, dihydroauroglaucin, physcion, flavoglaucin,
isodihydroauroglaucin, cinnalutein, asperflavin, and cyclo-L-
Trp-L-Ala were isolated from Eurotium. chevalieri. Among
these isolated compounds, neoechinulin D is reported with
antiviral properties against herpes and inluenza viruses (17).
Furthermore, neoechinulin B showed potency to inhibit the
H1N1 virus-infected in MDCK cells (model mammalian
cell line) and their ability to bind with influenza envelope
hemagglutinin, breakdown of sialic acid receptor interaction
and viral attachment to host cell. Therefore, neoechinulin B
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was cited as a potent inhibitor of the influenza virus (36)
Similarly, in a study reporting neoechinulin B activity against
HCV (hepatitis C virus) in the cell culture system, the compound
was recorded as a novel suppressor of the LXR (liver X
receptor). Neoechinulin B suppressed the induction of LXR-
mediated transcription, disrupted double-membrane or multi
membrane vesicles blocking the HCV replication and altered
lipid metabolism. Thus, neoechinulin B can act as an anti-HCV
agent without showing any type of cytotoxicity (18).

Neoechinulin B, a secondary metabolite of Aspergillus
amstelodami was reported as a suppressor of the liver X
receptor (LXR) in a cell culture system of the hepatitis C virus
(HCV). The results of this study indicated that neoechinulin
B suppresses LXR-mediated transcription, and interacts directly
with LXRs (18).

In a recent study, a potent antiviral effect of neoechinulin
B against H1N1 virus-infected in Madin-Darby canine kidney
(MDCK) cells was also investigated. The authors reported that
neoechinulin B was able to suppress influenza virus that included
clinical isolates of amantadine- and oseltamivir-resistant strains.
The mechanism was explained with the binding of neoechinulin
B to influenza envelope hemagglutinin, disturbing its interaction
with the sialic acid receptor and the virus attachment to
host cells (37).

Anti-cancer
Neoechinulin A has the capabilities to act against different
tumour cells (Figure 2) Most of the cancer cells block
programmed cell death (apoptosis) through anti-apoptotic
signalling pathways, thus disrupting the vital equilibrium
between proliferation and death of the cells (38).

The expression of apoptosis-related proteins, in particular,
anti-apoptotic proteins viz. Bcl-2, Bcl-xl, Mcl-1, and pro-
apoptotic proteins viz. Bax, Bad, Bak is essential for apoptosis
regulation (39). Study reported that neoechinulin A as an induced
p53 tumour protein towards caspase-3 and thus enabled theHeLa
cells to enter the apoptotic pathway. The results of this study
showed that neoechinulins can down-regulate Bcl-2 protein
expression and upregulate Bax protein expression, thus activating
caspase-3 cascade and leading to the HeLa cells apoptosis. (40).

Anti-nitration, antioxidant activities and cytoprotection
offered by neoechinulin A and its analogues against 3-
morpholinosydnonimine (SIN-1)-induced phaeochromocytoma
(PC12) cell death were measured to reveal the structure-
activity relationships of these compounds (1) Z. The authors
reported that the cytoprotective effect of an acyclic analogue was
diminished while maintaining its antioxidant or anti-nitration
properties. They have concluded that cytoprotective effect of
neoechinulin A was provided by a mechanism not attributed to
their antioxidant or anti-nitration properties (41).

Neuroprotective
Neoechinulins displayed potent anti-neurodegenerative activities
against neuro-inflammation, deposition of amyloid-β peptides
in Alzheimer’s disease, Parkinsonian-inducing neurotoxins and
other cytotoxicity inducing neurotoxins (rotenone, MPP+,
SIN-1, peroxynitrite) (Figure 2). Neoechinulin A showed

FIGURE 2 | Summarised scheme of potential cytotoxic mechanisms of

neochinulins to induce apoptosis in cancer cells. p53, p21, cellular tumour

antigen; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X Protein.

cytoprotective properties in neuron-like PC12 cells subjected
to a peroxynitrite-imposed oxidative injury (42). Besides,
neoechinulin A protected PC12 cells from cytotoxic effects of
1-methyl-4-phenylpyridinium (MPP+), a potent neurotoxin
provoking acute Parkinson’s-like neurodegenerative symptoms
in humans (43).

Several studies explored the biological potential of
neoechinulin, in the treatment of neurodegenerative diseases
(Table 2). Neurodegenerative diseases like Alzheimer’s and
Parkinson’s diseases causemortality andmorbidity formillions of
people across the globe (45). The predominant causative factors
for these are mainly ageing and environmental (neurotoxins),
apart from a small fraction of mutation related genes (46, 47).
The main pathological changes related to these diseases are
progressive and selective loss of dopaminergic neurons in the
brain (48). This is mainly attributed to peroxynitrite, a potent
oxidant generated in a biological system by the reaction of NO
and superoxide anion (O2−) in vivo causing severe cell damage
to neurons, by promoting the oxidation of various biomolecules
(lipid, proteins and nucleic acids) (49–51) (Table 2).

Marine-derived natural products such as neoechinulins
produce a variety of pharmacological effects for downstream
amelioration of neurotoxins-induced cytotoxicity. Its
pharmacological properties against various neurotoxins are
generally attributed to the C8/C9 double bond, offering
a conjugated system across the indole moiety to the
diketopiperazine ring. Additionally, the antioxidant efficacy
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TABLE 2 | The most relevant pharmacological properties of neoechinulins, possible mechanisms, and signalling pathways.

Source/Species Compound Experimental model Possible molecular mechanisms Effect References

Fungi/Eurotiumsp.

SF-5989

Neoechinulin A LPS-stimulated

RAW264.7

macrophages/in vitro

IC50 = 12.5–100µM

↓pro-inflammatory mediators

↓cytokines, ↓NO, ↓PGE2, ↓TNF-α, ↓IL-1β,

↓ IκB-α, ↓NF-κB, ↓MAPK

Anti-inflammatory (4, 16)

Fungi/Eurotium rubrum Neoechinulin B Infected MDCK cells

with Influenza virus/in

vitro

IC50 = 27.4µM

Binding with influenza envelope

hemagglutinin → ↑ anti-influenza activity

↓interaction of the sialic acid receptor

↓viral attachment to host cell

Antiviral (37)

Fungi/Eurotiumchevalieri

MUT 2316

Neoechinulin D MDCK cells/in vitro ↓viral replication of IAV or HSV-1 Antiviral (17)

Fungi Neoechinulin A PC12 cells/in vitro IC50 = 100mM

Neuroprotection against Parkinson’s

disease-inducing rotenone neurotoxin

↑ATP consumption in cells

Cytoprotective of

neuronal cells

(38)

Fungi/Microsporum sp. Neoechinulin A HeLa cells/in vitro IC50 = 1.25–10µM

↓proliferation, ↑apoptosis

↓anti-apoptotic protein Bcl-2

↑pro-apoptotic proteins Bax

↑p53, ↑p21, ↑caspase3, ↑ caspase 9

Anticancer (40)

Fungi/Eurotium rubrum Neoechinulin A PC12 cells/in vitro

Cytotoxicity induced

by SIN-1

IC50 = 40µM

↑affinity for proteins chromogranin B and

glutaredoxin 3

↓neuro-cytotoxicity

Neuroprotective (44)

Fungi Neoechinulin A PC12 cells/in vitro IC50 = 200µM

↓SIN-1- induced activation of caspase-3–like

proteases, ↑NADH-dehydrogenase, ↓ROS,

↓neuronal cell death

Neuroprotective (42)

↓decreased, ↑increased, → results.

or electrophilic nature of the C-8 carbon may contribute
to the cytoprotective ability of the alkaloid (19). However,
diketopiperazine moiety is reported as a requisite for
anti-nitration activity (38).

Neoechinulin A protects neuronal PC12 cells (cell line
from rat adrenal medulla) against cell death imposed
by peroxynitrite derived from SIN 1 [3-(4-morpholinyl)
sydnonimine hydrochloride] (42). Neoechinulin A exhibited a
strong affinity for specific binding to diverse proteins, namely
chromogranin B and glutaredoxin 3. This high affinity of
neoechinulin A might be responsible for the protection of PC12
cells from cytotoxicity by inducing S–morpholinosydnonimine
(SIN-1). Neoechinulin, apart from its apparent antioxidant and
anti-nitration activities, imparts cytoprotection to cells with
neurotrophic factor-like and anti-apoptotic properties, probably
via potentiation of NAD(P)H-producing ability of the cell (44).
However, the NAD(P)H-generating dehydrogenase(s) involved
in the process remain elusive (41).

Neoechinulin A treatment can be useful for the protection of
PC12 cells against MPP++ neurotoxin cytotoxicity derived from
prodrug 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (MPTP)
(52). The MPP++ which assembles in mitochondria and
binds to electron transport chain’s complex I, thus reducing
ATP biosynthesis, leads to cell death; is ameliorated by an
increase in the ability of cells to produce NADH (43).
Furthermore, the increase in NADH or lowering of cellular

ATP levels by Neoechinulin A is also found to be effective
against Parkinsonian-inducing neurotoxins such as rotenone (a
pesticide), targeting mitochondrial complex I in animal models
such as rat pheochromocytoma cell line(38), thereby delaying
the progression of neurodegenerative diseases. In another study,
synthetic (–) and (+) neoechinulin A, displayed cytoprotection
by preventing SIN-1-induced cytotoxicity in nerve growth
factor (NGF)-differentiated PC12 cells. The structure-activity
relationships explained that the C8/C9 double bond played a
crucial role attributed to its anti-cytotoxic potential (21).

Neoechinulin A was also investigated for its efficacy on
cognitive damage in mice treated with lipopolysaccharide (LPS)
mice and its antidepressive properties in were also recorded.
Neoechinulin A enhanced cognitive ability in LPS-insulted mice
besides offering antidepressant-like properties (53) (Table 2).

OVERALL CONCLUSION AND FUTURE
PERSPECTIVES

Neoechinulins and their analogues, derived from marine fungi,
with proven pharmacological benefits for human health, can
be prolific therapeutic agents for many existing diseases. Due
to these positive pharmacological effects, neoquinolines derived
from marine fungi can be considered in the future as potential
functional and integrative nutrition, as part of functional and
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integrative medicine, with a major role in preventing, reducing
causes, manifestations of diseases through a diet appropriate to
each patient. In the future, neoquinolines may be introduced
into functional foods or dietary compounds (nutraceuticals) that
benefit human health by preventing or treating diseases, or by
correcting metabolic disorders, or by preventing the progression
or recurrence of a pathological situation.

The therapeutic applications of neoechinulins and their
natural and synthetic analogues and derivatives are needed
to be explored by more animal models via analysing their
structure-activity relationships and elucidating their underlying
mechanisms of action specific to various biosynthesis and
signalling pathways and possible cross-talks through high
throughout techniques. Although primarily obtained from
fungal sources, such compounds have also been discovered
in higher plants. Numerous researches have demonstrated
their potential as anti-inflammatory, anti-viral, anti-cancerous
and anti-Parkinson’s properties. Besides, they exhibited potent
anti-neurodegenerative efficacy against neuroinflammation and
neurotoxicity. Structure-activity relationships of neoechinulins
and their analogues with their reported bioactivities are in their

nascent stage and are needed to be elucidated. The reported
antioxidant or electrophilic property of the C-8 carbon, both
of which are contributed by the double bond in C-8/C-9, is
probably attributed to the cytoprotective nature of this alkaloid.
Besides, diketopiperazine moiety was reported as a requisite for
anti-nitration activity. However, this potential, along with ever-
expanding microbial resistance to conventional drugs and quest
for the search for novel natural compounds of pharmacological
importance, is to be complemented by an investigation of the
specific biosynthesis pathway, signalling pathway through high
throughput techniques.
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