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In wvitro acetylcholinesterase inhibitory activities of
fractions and iso-agelasine C isolated from the marine
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ABSTRACT: The marine sponges with their unique and wide range of biodiversity, producing unusual metabolites
emerge as a good candidate for new therapeutic agents, including as acetylcholinesterase (AChE) inhibitor. The aims
of this study are to evaluate the potency of fractions and isolated compound from Agelas nakamurai as AChE inhibitor,
as well as to determine the structure of the isolated compound. The bioassay-guided isolation protocol was carried
out in this study. The AChE inhibitory assay was carried out based on the modified Ellman’s method. The structure
of the isolated compound was determined by NMR spectroscopy and mass spectrometry. A diterpene alkaloid was
isolated from the active fraction of A. nakamurai. This compound exhibited a molecular ion at m/z 422.3280 [M]* in
mass spectrometry. The UV profile of the isolated compound showed a strong peak at 269 nm, and the specific
rotation value is [a]?p +28,0 (MeOH, c 0.25). These data together with the 'H and 3C NMR spectroscopy data are
similar to that reported for iso-agelasine C. The isolated iso-agelasine C gave moderate inhibition against AChE
enzyme with an ICsp value of 30.68 + 0.92 pg/mL, which was lower compared to the extract and fractions. The
stronger AChE inhibitory activity in the extract and fractions is possibly due to the synergistic activity of compounds
present in the extract and fractions of A. nakamurai. Iso-agelasine C could serve as a lead for the development of
diterpene alkaloid as an AChE inhibitor.

KEYWORDS: Alzheimer’s disease; acetylcholinesterase inhibitor; marine sponge; Agelas nakamurai; iso-agelasine C.

1. INTRODUCTION

Alzheimer’s disease (AD) is a disease that causes degeneration of the cells in the brain and accounted
for 60-80% of dementia cases in the world. AD is highly prioritized by WHO in its World Mental Health Gap
program. From 2000 to 2018, it was reported that there was a 146.2% increase in mortality due to Alzheimer's
disease [1]. The number of AD patients increases as the population of elderly people grows. It was predicted
that there is a new case of Alzheimer’s every 33 seconds [1,2]. Although the pathogenesis of AD is complicated
and not fully established, two major hypotheses namely amyloid cascade and cholinergic are currently under
consideration regarding the molecular mechanism. Acetylcholine (ACh) is a neurotransmitter that plays an
essential role in cognitive function and memory loss [3,4]. In AD patients, there is ACh deficiency due to
neuronal loss in the brain. One of the strategies to increase the amount of ACh in the brain is by inhibiting the
acetylcholinesterase (AChE) enzyme. The principal role of AChE inhibitor is to prevent rapid hydrolysis of
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ACh to choline and ethanoic acid in the synapses [5]. Therefore, AChE inhibitor is one of the therapeutic
strategies in Alzheimer’s disease treatment.

Currently, there are three AChE inhibitors approved by the FDA to be used for the symptomatic
treatment of AD, namely donepezil, rivastigmine, and galantamine. The use of AChE inhibitors appears to be
beneficial for the treatment of mild to moderate AD patients. There is improvement in the behavioral and
psychiatric symptoms [3]. Donepezil is a synthetic compound, while rivastigmine is a derivative developed
from the natural compound physostigmine [6], whereas galantamine is an alkaloid derived from several plants
from the Amaryllidaceae family, such as Galanthus spp., Leucojum spp., and Narcissus sp. [7,8]. Most of the
natural AChE inhibitors reported to date belong to the alkaloid group, although there are other classes of
compounds that have also been reported as AChE inhibitors [9,10].

The oceans with their unique and wide range of biodiversity emerge as a potential source of unusual
metabolites and serve as a good candidate for new therapeutic agents, including AChE inhibitors [5]. Marine
sponges from the genus Agelas (class Demospongiae, order Agelasida, family Agelasidae) represent rich
structure diversities with promising biological activities such as alkaloids, terpenoids, meroterpenoids,
carotenoids, glycosphingolipids, and fatty acids [11]. In the previous study, we have investigated the potency
of fifteen marine sponges collected from Indonesian water as acetylcholinesterase inhibitors [12]. The results
showed that the methanolic extract of Agelas nakamurai showed strong inhibition against AChE with an ICsg
value of 1.05 g/mL. The objectives of the current study are to isolate the active compound in A. nakamurai as
an AChE inhibitor by using a bioassay-guided isolation technique as well as to determine the structure of the
isolated compound.

2. RESULTS and DISCUSSION

2.1. Fractionation and AChE inhibitory assay of fractions

The methanolic extract was fractionated by a liquid-liquid partition with n-hexane, ethyl acetate, and
n-butanol. The fractions obtained were then subjected to the AChE inhibitory assay. The results as can be seen
in Figure 1 showed that the ethyl acetate and the n-butanol fractions gave 85.1% and 92.4% inhibition,
respectively, whereas the n-hexane fraction was relatively inactive with inhibition of less than 10%.
Considering the weight of the samples, further fractionation was conducted on the ethyl acetate fraction.

1001
751
c
.0
) i
'.E 50 1 : n-Hexane fraction
3 2 : Ethyl acetate fraction
7 25 3 : n-Butanol fraction
4 : Galantamine
0-

Samples

Figure 1. Inhibition of n-hexane, ethyl acetate, n-butanol fractions (100 ng/mL), and galantamine ( 36.8
pg/mL) against AChE

Vacuum liquid chromatography was employed for fractionation of the ethyl acetate fraction by using
a combination of dichloromethane and methanol in order of increasing polarity to obtain 11 fractions. These
were then subjected to the AChE inhibitory screening. The results are presented in Figure 2 which showed
that 5 fractions, namely VLC 2 - VLC 6 gave strong activity with 56%-80% inhibition at 100 pg/mL against
AChE, whereas the other fractions showed less than 20% inhibition. To further investigate the potency of the
fractions, the ICs values were determined for fractions VLC 2 - VLC 6. The results as can be seen in Table 1
indicated that fractions VLC 2 and VLC 3 had better AChE inhibitory activity compared to the other fractions
with ICsg values of 5.31 ng/mL and 3.84 ug/mL, respectively. A t-test analysis was carried out to determine
whether the ICs values of fractions VLC 2 and VLC 3 are statistically different. The result suggested that the
ICs values of VLC 2 and VLC 3 were not significantly different with a p value of 0.15. Therefore, further
purification procedures were carried out on these two fractions.
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Figure 2. Inhibitory activity of VLC fractions (100 pg/mL) and galantamine ( 36.8 pg/mL) against AChE

Table 1. ICs of selected VLC subfractions of A. nakamurai and galantamine against AChE

Sample Weight (g) ICso (ug/mL)
Subfraction 2 0.3709 5.31+0.22
Subfraction 3 2.4139 3.84 £0.57
Subfraction 4 0.4279 15.95 £ 0.99
Subfraction 5 0.0193 30.81 +£3.29
Subfraction 6 0.0225 26.08 £1.99
Galantamine - 045+£0.13

Data presented as mean + standard error of the mean (SEM) of three independent
experiments, each done in triplicate

2.2 Purification and identification of metabolite

Purification of the fractions VLC 2 and VLC 3 were carried out by using HPLC with a C-18
semipreparative column, employing gradient elution of acetonitrile and water containing 1% TFA. A major
peak at retention time 44.107 min was collected (Figure 3) and obtained a white amorphous solid, then was
subsequently subjected to structural analysis. The TLC analysis of the isolated compound yielded an orange
spot with Dragendorff’s reagent, and a purplish red spot with an anisaldehyde-sulphuric acid spray reagent
at the same retention factor (Rf) value. These results suggested the presence of a terpene alkaloid. The mass
spectrum of the isolated compound exhibited a molecular ion at m/z [M]* 422.3280, corresponding to the
molecular formula CasHgoNs. The TH and 13C NMR data (Table 2) indicated the presence of 9-methyladenine
moiety from aromatic signals at 6u 9.54, 6c 141.3 and 6n 8.43, 6c 156.0; one N-methyl at &1 3.85 (s), 6¢32.0; and
an amino group at &u 7.90. There are two alkenes observed at 8u 5.38, 8c 115.4, 6¢c 147.2 and 61 5.29, ¢ 117.2,
Oc 146.1. The spectra also showed evidence for one methyl doublet at &1 0.80, 6¢ 16.9, and four methyl singlets
at &n 1.76, 8¢ 17.3; 61 0.97, 8¢ 23.5; 611 0.81, 8¢ 28.3, and 6y 0.82; 6¢ 28.0. The presence of signals at 65 1.01-1.95
range indicated a terpene moiety. These spectral features resembled iso-agelasine C (Figure 4), which was first
reported in 2017 by Chu et al. from Agelas nakamurai collected from the South China Sea. The relative
configuration of iso-agelasine C has been determined by NOESY experiments, ECD calculation as well as
comparison with related congeners of iso-agelasine C [13]. The specific rotation of our compound was
measured and obtained [a]3’ = +28.0 (MeOH, ¢ 0.25), comparable to the reported iso-agelasine C [a]3’ = +22.1
(MeOH, ¢ 0.1) [13].
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Figure 3. HPLC profile of VLC 2 fraction showing isolated compound at 44.107 min (Detection UV
254 nm)
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Figure 4. Structure of iso-agelasine C
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Table 2. TH- and 3C-NMR data of isolated compound
(400 and 125 MHz, resp.) in DMSO-d6*

Position 6 ppm (H) 0 ppm (C)
1 5.29 (br. t, J =3.8) 117.2
2 1.95 (m) 233
3 1.01;1.33 (m) 313
4 - 31.5
5 1.54 (m) 43.6
6 1.07; 1.74 (m) 303
7 1.45;1.50 (m) 315
8 1.26 (m) 44.7
9 - 427
10 - 146.1
11 1.04;1.16 (m) 295
12 1.76;1.83 (m) 342
13 - 147.2
14 5.38 (t, J=6.8) 115.4
15 5.13 (br.d, J =6.8) 47.6
16 1.76 (s) 17.3
17 0.80 (d, J=16.8) 16.9
18 0.81 (s) 28.3
19 0.82 (s) 28.0
20 0.97 (s) 235
2 8.43 (s) 156.0
4 - 149.5
5 - 109.8
6 - 152.9
8 9.54 (s) 141.3
NH>-C(6")  7.90 (br. s) -
MeN-C(9)  3.85(s) 32.0

*DMSO-d6 peak was referenced at 2.5 ppm for '"H NMR and 40 ppm for *C NMR;
coupling constant (J) are reported in Hz

2.3. AChE inhibitory activity of the isolated compound

The isolated compound demonstrated AChE inhibitory activity with an ICsp value of 30.68 + 0.92
pg/mL. This compound inhibited the AChE enzyme in a dose-dependent manner (Figure 5), and this was also
applied for the fractions and extract of A. nakamurai. Based on this data it can be seen that the isolated
compound gave lower activity compared to the fraction and extract of A. nakamurai. The higher inhibition
against AChE in the fractions and extract may be attributed to the synergistic effect of iso-agelasine C with
other compounds presents in the fractions and extract.

Iso-agelasine C is a diterpene alkaloid with structural features consisting of a 8-epi- ent-halim-1(10)-
enes in the diterpene moiety and 9-methyladenine in the alkaloid moiety [14,15]. Halimane purine type of
compounds have been reported from Agelasidae sponges, such as Agelas sp., Agelas mauritiana, and Agelas
nakamurai [14,15]. Several bioactivities have been documented from halimane purines. Agelasine C isolated
from Agelas sp. and Agelas citrina showed antifungal activity [16]. Epi-agelasine C obtained from A. mauritiana
exhibited antifouling activity against Ulva conglobata [17]. A. nakamurai has been investigated cytotoxic and
antimicrobial activities of iso-agelasine C together with other diterpene alkaloids. Iso-agelasine C
demonstrated a weak cytotoxic activity against HCT-116, K562, and HL-60 cell lines. This compound also
showed antimicrobial activity against Candida albicans and Proteusbacillus vulgaris [13]. To the best of our
knowledge, this is the first report of iso-agelasine C as an AChE inhibitor. Although there is no report on the
cholinesterase inhibitory activity of diterpene alkaloids from marine sources, several diterpene alkaloids
isolated from plants such as heterophylline-A and heterophyllinine-B isolated from the root of Aconitum
heterophyllum have shown selective inhibition against butyrylcholinesterase (BChE) compared to AChE [18].
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Investigation of the same plant resulted in the isolation of other diterpene alkaloids with promising
cholinesterase inhibitory activities [19]. Focusing on the possible contribution of halimane moiety of iso-
agelasine C in the AChE inhibitory activity, a literature search showed that a halimane diterpenoid such as
limbatolide B showed less AChE inhibition compared to clerodane diterpenoid limbatolide A [20]. Based on
this finding, it can be suggested that modification of the structure of iso-agelasine C especially on the halimane
moiety can be carried out to increase the potency of this compound as an AChE inhibitor. A study on enzyme
selectivity can be carried out by comparing inhibition with BChE.
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Figure 5. Dose-dependent response of iso-agelasine C against AChE

3. CONCLUSION

Bioassay-guided protocol applied to A. nakamurai led to the isolation of iso-agelasine C, which showed
moderate inhibitory activity against the AChE enzyme. This compound could serve as a lead for the
development of halimane alkaloid compounds as AChE inhibitors.

4. MATERIALS AND METHODS

4.1. Chemical and reagents

All analytical grade solvents such as methanol, n-hexane, dichloromethane, and HPLC grade solvents
acetonitrile and methanol were purchased from Merck. Silica gel 60 with 40-63 pm particle size, and TLC plates
silica gel 60 Fos4, were also obtained from Merck.

The reagent for the AChE assay i.e. acetylcholinesterase from electric eel (AChE type VI-S),
acetylthiocholine iodide (ATCI), 5,5'-dithiobis[2-nitrobenzoic acid] (DTNB), bovine serum albumin,
galantamine tris buffer, and tris-HCl were purchased from Sigma.

4.2. Sponge collection

Agelas nakamurai was collected from Tabuhan Island dive site, Banyuwangi, East Java, Indonesia using
SCUBA at a depth of 10-20 m on 23 April 2017. The sponge was frozen at -20°C until extraction. A voucher
specimen (23-04-17-07) was made in 80% aqueous ethanol and deposited at the Institute of Tropical Diseases
Universitas Airlangga. Identification of the sponges was conducted by Dr. Tri Aryono Hadi of Research
Center of Oceanography, Indonesian Institute of Sciences, Jakarta, Indonesia.

4.3. General experimental procedures

HPLC was performed in Shimadzu LC-20AD UV-2200A. The 'H- and 3C-NMR spectra were recorded
on JEOL NMR spectrometers operating at 400 MHz (100 MHz for 3C). The chemical shifts values are reported
in ppm. The optical rotation was determined with an Autopol IV automatic polarimeter (Rudolp Research
Analytical). HR-ESIMS were recorded on LC-MS instrument ACQUITY UPLC H-Class System (waters, USA)
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fitted with Waters® C-18 column (1.8 um, 2.1 x 100 mm) connected to HR-ESIMS Xevo G2-S QTOF (Waters,
USA), and the data were analysed on Masslynx V4.1.

4.4. Isolation procedures

Sponge material was cut into small pieces, freeze-dried, and powdered. Dried sponge powder (77 g)
was extracted with methanol (3 x 450 mL) by using the maceration method to obtain a crude methanolic extract
(6.7 g). The extract was fractionated between aqueous methanol and n-hexane (150 mL), the n-hexane layer
was collected, and the aqueous layer was further fractionated with ethyl acetate (200 mL), followed by
fractionation with n-butanol (100 mL) using the same procedure. Fractionation with each solvent was
conducted 3 times. Each of the fractions was then concentrated in a rotary evaporator, and yielded n-hexane
(0.8 ), ethyl acetate (4.6 g), and n-butanol (0.7 g) fractions. The ethyl acetate fraction was subjected to vacuum
liquid chromatography using silica gel 60 (particle size 40-63 pm) eluted with a combination of
dichloromethane and methanol in order of increasing polarity to give 11 subfractions (VLC 1- VLC 11). A
portion of subfraction VLC 2 was further purified by HPLC using a semipreparative Waters® column
(uBondapak C-18 7.8 x 300 mm). The sample was eluted with gradient elution of 70-100% acetonitrile in water
containing 0.1% TFA for 30 min, then eluted with 100% methanol for 30 min, flow rate 1.5 mL/min, detection
UV 254 nm. Four fractions were collected including a major peak at retention time (RT) 44 min (VLC 2.4).
Repeated HPLC was carried out for VLC 2.4 using the same procedure as already described above to yield
iso-agelasine C (19 mg). The same HPLC purification procedure was applied to fraction VLC 3 and yielded
iso-agelasine C (26.3 mg)

Iso-Agelasine C was obtained as a white amorphous solid, [«]2’ = +28.0 (MeOH, ¢ 0.25), UV (MeOH)
Amax 269 nm; HR-ESIMS m/z [M+H]* 422.3280, C26H4oN5 calcd. 422.3284, TH and *C-NMR see table 2.

4.5. Microplate assay for AChE activity determination

The assay was conducted based on the modified Ellman’s method [12,21-25]. Samples were prepared in
methanol at a concentration of 10 mg/mL, and were diluted with water to obtain a 1 mg/mL concentration.
Further dilution of samples in the microplate well to a final test concentration of 100 pg/mL. Sample solutions
(25 pL) were added to a 96-well microplate, followed by the addition of 25 pL. ATCI (1.5 mM), 125 pL. DTNB
(3 mM), and finally 50 puL Tris buffer was added. The enzyme EeAChE 25 pL of 0.22 U/mL was then added.
The solutions were shaken for 30 s in a microplate reader (Bio-Tek Instrument, USA) before measurement. The
absorbance was measured at 405 nm every 5 s for 2 min. Measurement of the absorbance was carried out
before and after the addition of the enzyme. The absorbance after addition of the enzyme was subtracted with
absorbance before addition of the enzyme, and was then used for calculation of the percentage of inhibition.
Galantamine was used as a positive control, and 10% methanol was used as a control. For the measurement
of ICso, serial concentrations of the samples (0.5 - 300 ng/mL) were prepared. Experiments were carried out
three times, each done in triplicates. The percentage of enzyme inhibition was calculated by using the equation
(Eq. 1) below:

%Inhibiti mean velocity of control — mean velocity of sample 100
_ X
olnhibition mean velocity of control

Equation 1. Calculation of inhibitory activity

4.6. Data analysis

The ICso values as well as the unpaired t-test analyses were carried out by the Prism software (Graph
Pad 8 Inc, San Diego, USA). The ICs values were obtained by plotting the percentage of inhibition as ordinate
and log of concentration as an axis.
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