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Natural compounds from marine organisms have been rarely studied for their acetylcholinesterase
inhibitory activities. The aim of this study was to isolate novel compounds with antiAChE activity from
the venom of upside-down jellyfish Cassiopea andromeda Forskal, 1775. The compounds of the fraction-
ated venom on gel filtration chromatography were identified by analyzing gas chromatography-mass
spectroscopy data. The structure of the isolated compound that showed the most potent antiAChE activ-
ity in a docking study was elucidated by different spectral data, including '"H NMR and *C NMR. Three
compounds, including a neurosteroidal alkaloid androtoxin B, were identified from two venom fractions.
This neurosteroidal alkaloid showed strong acetylcholinesterase inhibitory activity (ICsg 2.24+ 0.1 uM)
compared with the reference standard, galantamine. The results obtained by a docking study demon-
strated that Androtoxin B had close contact with two of the three amino acid residues of the catalytic
triad of acetylcholinesterase gorge and was accommodated within a peripheral hydrophobic pocket com-
posed of numerous aromatic site chains. In conclusion, the isolated neurosteroidal alkaloid from Cassiopea
andromeda was a potent antiAChE agent with strong binding to both the catalytic and peripheral sites
of acetylcholinesterase that correlated well with the experimental data. Further studies are required to

determine whether androtoxin B could be a potential treatment for Alzheimer’s disease.
© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Alzheimer’s disease is a fatal progressive neurodegenerative
disorder of the brain affecting 25 million people worldwide
(Ferreira-Vieira et al., 2016). Today, it is called the silver tsunami of
the 21st century (Sarkar et al., 2016). The accumulation of neu-
rofibrillary tangles, the amyloid-beta plaques in the brain, the
progressive loss of neurons in the hippocampus and cortex, and
the progressive decline in memory, thinking, and language skills
are characteristics of this complex disease (Ferreira-Vieira et al.,
2016).

The degeneration of cholinergic neurons results in memory
and attention deficits of Alzheimer’s disease (Ferreira-Vieira et al.,
2016). Three cholinesterase inhibitors, donepezil, galantamine,
and rivastigmine, have shown some effects on mild to moderate
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Alzheimer's disease (Birks, 2006). Therefore, the search for effective
bioactive compounds with acetylcholinesterase (AChE) inhibitory
activities from natural sources to combat Alzheimer’s disease is a
hot topic.

Although a large number of AChE inhibitors from medicinal
plants have been reported (Ahmed et al., 2013), natural com-
pounds from marine organisms have been rarely studied for
their AChE inhibitory activities (Beedessee et al., 2013). The AChE
inhibitory activity of plastoquinones from Sargassum sagamianum
(Choi et al.,, 2007); the acetone extracts of Padina gymnospora
(Shanmuganathan et al., 2015); fucoxanthin, which is a marine
carotenoid (Peng et al., 2011); avarol, which is a marine sesquiter-
penoid hydroquinone isolated from Dysidea avara (Tommonaro
et al.,, 2016); extracts from sponges collected in Mauritius waters
(Beedessee et al., 2013); and halogenated sesquiterpenes derived
from the Persian Gulf (Farrokhnia and Nabipour, 2014) have been
studied.

Cassiopea andromeda (Forsskal 1775; Cnidaria: Scyphozoa: Rhi-
zostomea) s a type of jellyfish that lives in shallow, tropical inshore
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Fig. 1. Location map of the study area (a population of the Cassiopea andromeda
jellyfish in Nayband Bay, Bushehr-Iran).

marine waters and is usually associated with mangrove popula-
tions (Holland et al., 2004). This jellyfish is also called upside-down
jellyfish because, unlike the stereotypical jellyfish, it occurs in an
inverted form in intertidal sand or mudflats with their tentacles
oriented toward the sky. Although the genus Cassiopea has a global
distribution in the Western Atlantic and Indo-Pacific tropical areas,
Cassiopea was not observed in the Persian Gulf until 2014. The alien
C. andromeda has been suggested to arrive at the Persian Gulfin the
pellagic stage by the ballast water of ships (Nabipour et al., 2015).
Currently; an established population of this upside-down jellyfish
is present in Nayband Lagoon, Assalouyeh, Iran.

Cassiopea andromeda captures its prey through nematocysts.
Some of the toxic characteristics of C. andromeda have been inves-
tigated (Radwan et al., 2001; Ellithey et al., 2014; Nabipour et al.,
2017).Nematocyst venom of this jellyfish exhibited dermonecrotic,
vasopermeability-producing properties, and hemorrhaging effects
(Radwan et al.,, 2001; Nabipour et al., 2017). The methanolic
extract of C. andromeda produced potent inhibitory activity against
HIV-1 protease (Ellithey et al., 2014). Recently, we showed that
the C. andromeda venom fractions induced selective injury and
cytochrome C release in mitochondria obtained from breast ade-
nocarcinoma patients (Mirshamsi et al., 2017).

As part of our research on the isolation of bioactive molecules
from C. andromeda, the AChE inhibitory activities of the extracted
fractions and compounds of this upside-down jellyfish were eval-
uated using conventional and docking methods.

Materials and methods
Sampling and sample preparation

A number of thirty live specimens of Cassiopea andromeda
Forskal, 1775 were collected by means of a trawl net, from the Nay-
band Bay in the northern part (27° 30’ S, 52° 35’ E) of Bushehr, Iran,
in spring of 2014 (Fig. 1). The bloom mainly was located at in depths
of 0.5-1.5m, on a muddy-sand bottom in Lagoon, moreover their
aggregations were including about 4-5 individuals in each m? and
different sizes, but typically more ranges between 6 and 15 cm in
diameter. The identities of the species were verified by Professor B.
Holland from the University of Hawaii (Nabipour et al., 2015).

The project was permitted by the Medical Ethics Committee
of Bushehr University of Medical Sciences and Health Services,
Bushehr, Iran. All animal experiments were based on the National
Ethical Guidelines for Animal Research in Iran (2005) under a
project license, which was approved by the Animal Care and Use
Committee of Bushehr University of Medical Sciences, Iran, accord-
ing to Protocol: D/P/3758.

The separation of the tentacles was performed according to
Bloom et al. (1998) method, with some modifications. Briefly,
the tentacles were excised manually from specimens as soon as
possible after capture by the trawl, directly placed into small

.

-

.
L 0
- - o
A(-.?*..\',k y
‘ .°~ X "." ‘o
. 7 Sestoth ]

Fig. 2. Micrograph of the Cassiopea andromeda nematocysts along the tentacles
(black arrows).

glass containers filled with a one-third portion of seawater, and
transported in ice bags to the Persian Gulf Marine Biotechnol-
ogy Research Center laboratories in the Persian Gulf Biomedical
Research Center, Bushehr University of Medical Sciences, Iran. At
that time, the tentacles were homogenized by a Homogenizer (IKA,
Germany), kept at 4°C for two days for the autolysis of the tis-
sues and release of toxins (Burnett et al., 1992), and centrifuged
(Eppendorf, Germany) at 12,000 x g for 15 min at 4°C to remove
the sediments. The final supernatant was freeze-dried (Christ, UK)
and kept at —80 °C until use (Mustafa et al., 1995). The nematocysts
of the tentacles (black arrows) are shown in Fig. 2.

Protein concentration and molecular weight determination

The protein concentration of the lyophilized crude venom (a
sky bluish powder) was measured according to the Bradford
method (Bradford, 1976) using an ultraviolet-visible (UV-Vis)
spectrophotometer (Cecil Aquarius Double Beam Spectrophotome-
ter, England). Bovine serum albumin (BSA) (Sigma, Germany), was
used as the calibration standard protein at concentrations of (5,
10, 15, 20, 25 mgml~!). The protein concentration expressed in
unit of wgml-1. Briefly, a total of 10wl of freeze dried venom
was subjected to sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) at 25 °C, according to the Laemmli method
(Laemmli, 1970).

Resolving gel (pH 8): percentage of gel 12.5%; 3.1 ml acrylamide:
bisacrylamide (30:0.8% w/v); 3 ml Tris—Cl pH: 8.8; 38 .1 SDS 20%;
1.3 ml dH,0; 5 pl ammonium persulfate (APS) 10%; 7.5 ml tetram-
ethylethylenediamine (TEMED).

Stacking gel (pH 6.8): percentage of stack 6%; 1 ml acryl: bisacryl
(30: 0.8% w/v); 630wl Tris-Cl pH 8.8, 1 M; 25 1 SDS 20%; 3.6 ml
dH,0; 24 ul APS 10%; and 5ml TEMED) (Brinkman and Burnell,
2007). Proteins were visualized using Coomassie® Brilliant blue R
250 (Sigma, Germany). The molecular weights were evaluated by
comparison to BioRad markers (Precision Plus Protein” Standards,
BioRad, USA) at the ranges of 225, 150, 102, 76.52, 38, 17, and
12 kDa. All other chemicals were purchased from Merck (Darm-
stadt, Germany).

AChE activity

The crude venom and its fractions were tested for their ability
to inhibit AChE from electric eel (C2888 - Electrophorus electricus
AChE, type V, 1000 units/mg protein, Sigma-Aldrich), according to
the Ellman kinetic method modified by Worek et al. (1999). Hydrol-
ysis rate was monitored by verifying the formation of the TNB~ of
DTNB at 436 nm during 3 min at intervals of 15 s, using the Cecil UV-
VIS Spectrophotometer. For the blank, the buffer instead of enzyme



570 G. Mohebbi et al. / Revista Brasileira de Farmacognosia 28 (2018) 568-574

solution was used. The enzyme activity was measured using the
equation:

Sample (mE/min) — Blank (mE/min)

Enzyme activity (imol/l/min) = 106

The percentage (%) inhibition was calculated as follows:
(E-S)/E x 100, where “E” is the activity of the enzyme without test
compounds and “S” is the activity of enzyme with test compounds.
The experiment was done in triplicate and concentrations of the
samples that inhibit the hydrolysis of the substrate by 50% (ICsq)
were determined by linear regression analysis between the inhi-
bition percentages versus the extract concentration by the Excel
program.

Gel filtration chromatography

Sephadex G-200 (Pharmacia, USA) gels were poured into a
60 cm x 2.5cm diameter column. Elution was completed with a
0.05M phosphate buffer (pH 7.2 at 4°C), and the flow rate was
adjusted to 0.5 ml/min. About 200 mg of the crude venom of C.
andromeda was dissolved in the phosphate buffer. After centrifuga-
tion at 12,000 x g for 15 min at 4 °C, the supernatant was loaded on
the Sephadex G-200. The toxins were eluted with the phosphate
buffer, the 4 ml fractions were collected with a fraction collector
apparatus, and protein absorbance was measured at 280 nm by a
UV spectrophotometer (Cecil 7000 series, England) (Othman and
Burnett, 1990).

Gas chromatography-mass spectroscopy (GC-MS) of the fractions

The lyophilized fractions (white color), were subjected to the
7890B Agilent Gas Chromatography-Mass Spectroscopy. Electron
ionization (EI) mass spectra (scanrange, m/z50-500) were obtained
using electrons with energy of 70 eV energy and filament emission
of 0.5 mA. The GC separations were conducted using an HP-5MS Ul
column (30 m x 0.25 mm i.d., film thickness 0.5 m). Helium was
used as the carrier gas (flow: 0.8 mlmin~—!) for EI. The GC oven
was temperature programmed at 5°Cmin~! from 80°C after 3 min
since the sample injection and held at 250 °C for 10 min. The injec-
tion port of the gas chromatograph, transfer line, and ion source of
5977MSD were maintained at 240°C, 250°C, and 220°C, respec-
tively. The separated compounds were identified by comparing
them with the compound data from the National Institute of Stan-
dards and Technology (NIST MS database, 2014) library. The relative
percent amount of each component was measured by comparing
its average peak area to the total areas.

NMR analysis

The structure of the purified compound with the most potent
anticholinesterase activity dissolved in DMSO was elucidated on
the basis of the result of the "TH NMR (400 MHz) and '3C NMR
(100 MHz) Bruker Avance 400.

Computational details

The binding affinities between the identified structures (in addi-
tion to galantamine as the control compound) and the active site
of recombinant human AChE receptor were examined through
docking studies using the AutoDock 4.2.6 suites ((Morris et al.,
2009). Docking logs were analyzed in the graphical user interface
of the AutoDock Tool (ADT) (Sanner, 1999). The crystal structure of
rhAChE in the complex with (—)-galantamine was obtained from
the Brookhaven protein data bank with PDB accession code ey6
(Cheung et al., 2012). Before starting the docking simulations, (—)-
galantamine was separated from the complex. As the positions of
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Fig. 3. SDS-PAGE (12% polyacrylamide gel stained with Coomassie brilliant blue)
analysis of protein standard marker (M), Cassiopea andromeda venom sample (S).

the water molecules in the crystal structure of the enzymes were
unlikely to be conserved, they were excluded before the docking
studies (Pilger et al., 2001). H-atoms were added to the hAChE pro-
tein for correct tautomeric states of amino acid residues, and the
non-polar hydrogens were combined. The Kollman United Atom
charges and atomic solvation parameters were assigned to the pro-
tein and the Gasteiger charge to the ligands. All structures were
converted to PDBQT format in ADT as required in the AutoDock
calculations. The size of the grid plotted for specifying the search
space was set to 70 x 70 x 70 A3 and centered on the predicted cav-
ities with a default grid point spacing of 0.375 A. Pre-calculated grid
maps, which store grids of interaction energy based on the inter-
action of the ligand atom with the receptor target, were obtained
using AutoGrid. It computes the van der Waals energies at each sin-
gle grid point. Additionally, the Lamarckian genetic algorithm (GA)
was used with a population size of 150 dockings and 100 GA runs.
Five million energy evaluations were used in the docking, and the
crossover and mutation rates were run with default settings. The
obtained lowest docked energy conformation of the ligand in the
most populated cluster among all the 100 GA runs used for further
studies. The outputs from AutoDock and images were generated
with PyMOL (DeLano, 2002), and Accelerys ViewerLite 5.0a (2002).

Results and discussion
The protein concentration and SDS-PAGE analysis

The protein content of the crude venom, quantified by the Brad-
ford method, was found to be 17.5 mg ml~!. The SDS-PAGE analysis
with 12% acrylamide gel, revealed at least eleven prominent pro-
tein bands, with molecular masses ranging from 12 to 225 kDa. The
main bands were located at the approximate molecular weights of
12,17, 28, 34, 38, 43, 50, 53, 76, 102 and 225 kDa (Fig. 3). A number
of minor bands were also observed around these regions.

AChE activity

Experimental data based on Ellman’s spectroscopic method
showed that the crude venom and fraction B exhibited proper AChE
inhibitory activities. The ICsg of the crude venom, fractions A and B
were 4.81+0.25,7.03+0.012 and 2.24+ 0.1 (nM) at 37 °C, respec-
tively.
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Fig. 4. Gel filtration chromatogram of Cassiopea andromeda crude venom on a
Sephadex G-200 (60 x 2.5 cm). A total of 200 mg of dissolved crude venom in 3 ml
0.15M NaCl (pH 7.2) was applied and eluted with the same buffer. Flow Rate was
0.5 ml/min.

Gel filtration chromatography

The crude venom was fractionated using gel filtration chro-
matography. As shown in Fig. 4, the chromatogram of C. andromeda
crude venom on Sephadex G-200 revealed two fractions (f; and f;,)
with absorbance at 280 nm. The f; was called Androtoxin A (ATXA)
and f}, was called Androtoxin B (ATXB). The fractions were collected
on 4 ml volumes, freeze dried, and stored at —70°C.

GC-MS of the crude venom and fractions

The analysis of the ATXA dissolved in methanol: hex-
ane (3:2) detected two compounds (ATX Al, A2) using the
GC-MS (see supporting information). Their patterns were consis-
tent with ATXA1 (1): 1,2-dicarboxy-3-(4-chlorophenyl)-2,3(1H)-
dihydropyrido(1,2-a)benzimidazole; (CigH15CIN;04). MW: 370,
ATXA2 (2): 1,5-diphenyl-1,2-dihydro-3H-1,2,4-triazole-3-thione
#; (C14H11N3S); MW: 253. The pattern of ATXB (3) was consis-
tent with 1’H-androst-16-eno[17,16-g]indol-3-0l, acetate (ester),
(3& 5& C27H35N02) MW: 405.

s
COH
Hozcﬁ/g N J\NH
C; |

Fo

Molecular docking

I=

Table 1 shows the estimated binding energy of the three identi-
fied compounds A1, A2, and B. ATXB was the most active compound
against rhAChE in comparison with androtoxins A1 and A2 and even
the control molecule of galantamine.

The involved residues in the close interaction are listed in
Table 2.

The investigated compounds were in close contact with two of
the three amino acids (Ser203 and His447) of the catalytic triad of
AChE through the van der Waals and electrostatic interactions.

ATXB was accommodated within the peripheral site composed
by Asp74, Tyr72, Tyr124, Trp286, Phe295, Phe297, Tyr337 and
Tyr341 (Fig. 5).

The amino nitrogen of this compound formed a hydrogen bond
with the hydroxyl group of Tyr341. There were several van der
Waals interactions among cycloalkane rings of ATXB, Tyr124 and
Tyr337, in addition to the pi-interaction with aromatic ring of
Trp286. Close contacts of ATXB with quaternary ammonium bind-
ing site residues (such as Trp86) and esteratic site (Gly120 and 121)
were found.

NMR spectroscopy

The 'H and 13C NMR spectra of the ATXB dissolved in DMSO
were recorded on a Bruker Avance 400. H NMR (400 MHz, DMSO):
8 0.96 (3H, s, CH3), 1.12 (3H, s, CH3), 1.43-1.89 (16H, m, aliphatic),
2.13(3H, s,0CH3),2.75 (3H, m, aliphatic), 3.01 (2H, m, COCH,), 5.28
(1H, d, allylic), 6.46 (1H, d, allylic), 6.63 (1H, d, aromatic), 7.34 (1H, d,
aromatic). C NMR (100 MHz, DMSO): $ 20.0, 20.9, 21.7, 24.2, 27.7,
28.5, 29.0, 33.2, 33.3, 35.7, 36.0, 36.6, 37.7, 40.9, 43.0, 48.9, 50.3,
74.7, 102.7, 122.6, 125.4, 127.1, 127.8, 130.6, 137.0, 150.2, 170.3
(see supporting information).

In this study, we found that the venom of C. andromeda
contained ATXB, the structure of which was elucidated as 1'H-
androst-16-eno[17,16-g]indol-3-ol, acetate (ester), (34,5a)-. This
steroidal alkaloid showed a strong AChE inhibitory activity. This
compound is the second isolated marine-derived alkaloid steroid
with inhibition against AChE.

More than 35 alkaloids have been examined as inhibiting lig-
ands of AChE (Moraga et al., 2016). The cholinesterase-inhibiting
activities of steroidal alkaloids from Fritillaria imperialis (Atta-Ur-
Rahman et al., 2002), Sarcococca saligna (Zaheer-Ul-Haq et al.,
2003), Sarcococca hokeriana (Choudhary et al., 2005), and Holar-
rhena pubescens (Cheenpracha et al., 2016) have been reported.

Although marine organisms including jellyfishes have been
the subject of investigations to determine novel compounds with
acetylcholine-inhibiting activity, one report was conducted in the
scientific literature on marine-derived steroid alkaloids with AChE-
inhibiting activity (Langjae et al., 2007). Langjae et al. (2007)
isolated a new stigmastane-type steroidal alkaloid, a 4-acetoxy
plakinamine, from the sponge Corticium sp. The comparison of this
marine-derived non-pregnane-type steroid with a closely related
steroidal alkaloid isolated from Sarcococca showed high potency in
its AChE-inhibiting activity. On the contrary, this marine-derived
steroid expressed an unusual mixed-competitive mode of enzyme
inhibition in the inhibiting mode of most Sarcococca alkaloids.

Zaheer-Ul-Haq et al. (2003) investigated the AChE interactions
with fifteen steroidal alkaloids isolated from S. saligna. They found
that the ligands bind to the aromatic gorge of their steroid back-
bone area of the enzyme through the hydrophobic six-membraned
ring A. These interactions reduce flexibility at the gorge without
externally altering the enzyme structure. According to their dock-
ing studies, the AChE inhibitory activities of the ligands mainly
exhibited a noncompetitive character (Choudhary et al., 2005).

In the present study, we selected the rhAChE for the molecular
docking study because of its more accurate results than Torpedo
AChE (Cheung et al., 2012). ATXB was revealed to be active against
rhAChE, and its binding energy was greater than that of galan-
tamine.

The most remarkable feature of AChE is a deep and narrow gorge.
The catalytic site of AChE is located at this gorge known as the
catalytic triad, which is composed of His447, Glu334, and Ser203.
This part is considered crucial because of its enzymatic activity,
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Table 1
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The results of docking study for galantamine and the crude venom and isolated compounds from Cassiopea andromeda venom fractions.

Molecule Binding energy (kcal/mol) Estimated inhibitionConstant, Ki (T=298.15K) Experimental ICsg (M)
ATXA 7.03+0.012

ATXA1 —6.11 33.03 uM

ATXA2 -7.84 1.79 pM
ATXB -12.31 951.28 pM 2.244+0.1
Crude venom - - 4.81+0.25
Galantamine -9.34 141.68 nM 6.1+0.13

¥;l::ll§ezsidues of the isolated compounds from Cassiopea andromeda venom fractions and galantamine in docking study with AChE enzyme.
Molecules Residues
A ATXA1 Phe 297,Trp286,Phe338,Tyr341,Tyr337,His447,Ser125,Gly120,Gly121,Gly122,Asp74, Ser203,Trp86.
ATXA2 Asp74,Phe297,Ser203,Val294,His447,Tyr337,Tyr341,Phe338,Trp286,Gly121,Gly122,Tyr124.
B ATXB Trp286,Tyr124,Ser125,Asp74,Trp86,Tyr341,Tyr337,Ser203,Phe338,His447,Gly448,lle451, Gly120,Gly121,Gly122,Phe297,Glu202,Gly448.

Galantamine

Tyr124,Ser125,Gly126,Ala127,Leu130,Phe297,Trp86,Tyr133,Ser203,His447,Phe338,Glu202,Gly448,1le451,Tyr449,Gly120,Gly121,Gly122.
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Fig. 5. Dockig of the isolated compounds (ATXA1, A2 and B) from Cassiopea andromeda venom fractions and galantamine (as the standard molecule), with AChE enzyme.

in which acetylcholine is hydrolyzed to acetic acid and choline
(Sussman et al., 1991). ATXB produced a close contact with two
of the three amino acid residues of the catalytic triad (Ser203 and
His447) through van der Waals and electrostatic interactions in the
docking study.

A second or peripheral site composed of numerous aromatic
site chains that extend beyond Tyr337 at the catalytic/peripheral
site interface to the entrance of gorge contributes to the AChE cat-
alytic efficiency (Tara et al., 1998; Szegletes et al., 1999). This site
includes Asp74, Tyr72, Tyr124, Trp286, Phe295, Phe297, Tyr337,
and Tyr341; Asp74 is responsible for acetylcholine recognition.
ATXB was accommodated within this hydrophobic pocket, and the
amino nitrogen of this compound formed a hydrogen bond with
the hydroxyl group of Tyr341. Several van der Waals interactions
were observed among the cycloalkane rings of ATXB, Tyr124, and
Tyr337 aside from the pi-interaction with the aromatic ring of

Trp286. Thus, the large hydrophobic skeleton of ATXB resulted in
hydrophobic interactions with the active sites of AChE. The binding
of this compound to both the peripheral and catalytic sites involved
extensive protein-ligand contacts. The non-classical CH- - -O hydro-
gen bond interaction between the hydroxyl group of Asp74 and CH
of the cycloalkane ring of ATXB could be involved. Furthermore,
the occurrence of the close contact of ATXB with the quaternary
ammonium binding site residues (e.g., Trp86) and the esteratic site
(Gly120 and 121) confirmed that this compound localized in the
active domain of the enzyme.

The biological activities of ATXB have not been studied yet. How-
ever, androstanol, its closely related steroid, has been known as a
neurosteroid (Kaminski et al., 2006). Neurosteroids are defined as
a class of endogenous steroids synthesized within the brain and
modulate neurons and glial activity by rapid non-genomic actions
(Reddy, 2010; Tvrdei¢ and Poljak, 2016).
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The Cy9 16-unsaturated steroid androstanol (5a-androst-16-
en-3a-ol) has behavioral and social responses in humans through
its neuroactivities (Reddy, 2010; Tvrdei¢ and Poljak, 2016). It is
regarded as a potent steroidal pheromone. However, its mech-
anism of action remains unknown (Gower and Ruparelia, 1993;
Grammer et al., 2005). In examining the sub-acute toxicity of the
crude venom of C. andromeda, we found that the sexual activities of
the experimental rats increased several minutes after the injections
(Mohebbi et al., 2016). This interesting finding implies the presence
of a pheromone-like activity of the ATXB content of the venom.
The bioregulatory functions of steroidal molecules in the phylum
Cnidaria, including the Scyphozoa class (“true” jellyfishes), are not
elucidated. The identified sex steroids in cnidarian tissues not only
have a defensive role but are also likely to serve an endocrine-
like signaling role in regulating gametogenesis and/or spawning
(Tarrant, 2005). The concentrations of these sex steroids are vari-
able in different seasons in both sexes in the Anthozoa class (e.g.,
corals and anemones) of the cnidarians. Polar steroids have been
speculated to serve as chemical cues or water-borne pheromones
to trigger coral spawning (Tarrant, 2005; Tarrant, 2007). These
speculations prompt the suggestion that the presence of ATXB in
the venom of C. andromeda might play a role as a water-borne
pheromone aside from its defensive role.

The prototypic neurosteroids are positive allosteric modulators
of GABA-A receptors with diverse pharmacological effects, such
as anti-seizure and anti-anxiety activities (Reddy, 2010). Kaminski
et al. (2006) showed that androstenol acts as a GABA-A receptor
modulator and that its activity is comparable with those of other
protypic neurosteroids. ATXB is reduced at the 5- and 3-positions
of the A-ring, and the substituents at these positions are in the
a-configuration. The potent neurosteroids that are positive mod-
ulators of the GABA-A receptor have similar stereochemistry at
these critical positions. The 3(3-epimer of androstenol does not
have modulatory effects on the GABA-A receptors (Kaminski et al.,
2006). In the structural homology between ATXB and androstenol,
the neurosteroid-like activity of ATXB as a GABA-A receptor modu-
lator should be investigated. Therefore, further studies are required
to determine whether ATXB is a potential modulator of GABA-A.
The positive answer to this question will open new frontiers in the
treatment of epilepsy.

Conclusions

The isolated neurosteroidal alkaloid androtoxin B, from C
andromeda was a potent antiAChE agent with strong binding to
both the catalytic and peripheral sites of AChE that correlated well
with the experimental data. Further studies are required to deter-
mine whether ATXB could be a potential treatment for Alzheimer’s
disease.
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