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Abstract

Objective: To investigate acetylcholinesterase inhibitor activity of Aegle
marmelos (commonly known as matoom, Family Rutaceae) fruit beverage
derived from matoomnim, matoomkhai and matoomban, as well as to
determine the content of marmelosin, a furanocoumarin found in the fruit.
Methods: The beverage was separately prepared by boiling the dried fruits
of matoomnim, matoomkhai and matoomban in water. Their powdered form
was prepared by a spray drying process. Acetylcholinesterase inhibitor
activity was determined based on Ellman’s method and galantamine was
tested as a positive control. The content of marmelosin was determined
based on marmelosin standard curve. Results: Marmelosin content in 100
mg beverage powder obtained from matoomnim, matoomkhai and
matoomban ranged from 600 to 1000 pg, while the activity reported as half-
maximal inhibitory concentration (ICs,) was 125 - 136 pg/ml. Marmelosin and
galantamine exhibited acetylcholine esterase activity with 1C5, values of
942.81 and 114.64 pg/ml, respectivelt. There was no apparent relationship

between marmelosin content and the activity. Conclusion: A. marmelos fruit

beverage of matoomnim, matoomkhai and matoomban exhibited
acetylcholinesterase inhibitor activity.
Keywords:  Acetylcholinesterase, Aegle  marmelos,  matoomnim,

matoomkhai, matoomban
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Introduction

The fruit of Aegle marmelos (Family Rutaceae), commonly
known as bael or matoom, has been long and widely used in
traditional Thai medicine. It is a component in herbal formulas
such as “Tri-Kesorn-Mas” and “Look Plaag Mae.” Marmelosin
(Figure 1, European community (EC) number 207-581-1") also
known as imperatorin is one of the active substances found in

the fruits and it has been reported to prevent memory

treatment of Alzheimer’s disease (AD) since the discovery of
cholinergic deficits in patients suffering from AD.® In this study,
we aimed to examine anti-acetylcholinesterase activity of A.
marmelos fruit beverage. The beverage in tea form is a widely
popular drink among Thai people for refreshment. To make a
A. marmelos beverage, unripe fruits are either cut into pieces,

dried and boiled in water or pulverized and packed as tea

impairment and oxidative stress in the brain induced by bags.

scopolamine in mice.> Marmelosin can also easily cross the CH;

blood brain barrier3, therefore, it is possible to act in the brain O/\/J\C'Hs

and there have been many reports showing that A. marmelos 0, 0

fruit possesses acetylcholinesterase inhibitory —activity.*® S &

Acetylcholinesterase has been the main target for the Figure 1 chemical structure of marmelosin.
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The fruits of A. marmelos can be different in shape and
size. They are characterized by thin or hard woody shell with
tiny aromatic glands with pleasant smell. The shell is green in
colour when raw and becomes woody and hard and yellowish
colour when ripe.” The varieties of A. marmelos are diverse
and there is no standard name for each cultivar.® In Thailand,
there are three local cultivars with dietary use including
matoomnim, matoomkhai and matoomban® (Figure 2). The
fruit of matoomnim is round in shape with thin and soft, woody
shell, and it is known to be an ingredient in several recipes of
traditional Thai medicine. The fruit of matoomkhai is oval or
oblong in shape. It possess thin but hard, woody shell. The
fruit of matoomban can be round or oval with thick, hard,

woody shell.

Figure 2

matoomban (C). The scale bar represents 1 cm.

Matoomnim (A), matoomkhai (B) and

The objectives of this study were to explore the
acetylcholinesterase inhibition activity of A. marmelos fruit
beverage of matoomnim, matoomkhai and matoomban, and

to determine marmelosin content in those beverages.

Methods

Chemicals

Galantamine hydrobromide, bovine serum albumin
lyophilized powder, acetylthiocholine iodide, AChE (type VI-S)
from the electric eel (Electrophorus electricus), and 5,5'-
dithiobis (2-nitrobenzoic acid) were obtained from Sigma-
Aldrich. Marmelosin was obtained from Aktin Chemicals, Inc.

All solvents were of analytical grade.

Preparation of powder from A. marmelos fruit beverage
The fruits of matoomnim and matoomban were obtained
from agroforestry learning center in Sanam Chai Khet district,
Chachoengsao province, and matoomkhai was obtained from
cultivated site in Burirum province, Thailand. The specimens
were deposited at

Department of Pharmacognosy,

Inaaduaaasuarivennisguaiw 1 15 aifu 4, aa. — 5A. 2563

224

Srinakharinwirot University, Ongkarak, Nakonnayok, Thailand.
The collection numbers were WSAENIMO01, WSAEKHAIO1,
WSAEBANO1 for matoomnim, matoomkhai and matoomban,
respectively. The fruits were rinsed with clean water, finely
chopped and dried at 50 °C. The dried specimens were finely
powdered and boiled in water for 5 minutes, left until cooled
at room temperature before filtering and drying by spray dryer
(Buchi mini spray dryer B-290, Germany). The conditions for
spray drying were as follows: inlet temperature 155 °C, outlet
temperature 122 °C, feed rate of 5 ml/min, air flow rate of 30
m®h, and spray flow rate of 473 L/h. The spray dried powder

was stored in desiccator until use.

Determination of marmelosin content by HPTLC"
A CAMAG HPTLC system
CAMAG Linomat 5 applicator, CAMAG TLC Scanner 4 and
CAMAG winCATS software was used for the study. Spray

(Switzerland) consisting

dried A. marmelos powder (100 mg) was dissolved in 1 ml
methanol and sonicated for 15 minutes. The standard solution
of marmelosin (1 mg/ml) was prepared by dissolving with
methanol. The standard solution of marmelosin (2, 4, 8, 16,
32 pl) and the sample solutions (20 ul) were applied on a pre-
coated HPTLC plate (E. Merck) with CAMAG Linomat 5
applicator. The band width was 7 mm. The plates were
developed in a solvent system of toluene: ethyl acetate: glacial
acetic acid (7: 3: 0.1 v/v/v) at 25 + 20 °C temperature, up to
8.5 cm. After development, the plate was dried and scanned
at 310 nm using absorbance reflectance mode by CAMAG
Scanner 4. The peak area was recorded. Calibration curve
was performed by plotting peak area versus marmelosin
amount. Marmelosin amount in the sample was calculated
using the respective calibration curve, y = 617.33*x + 7367.00,
R® = 0.9993.

Determination of acetylcholinesterase inhibitory activity'’

The reaction was performed in 96 well plate by mixing
either 20 pl of galantamine standard (1.95, 3.90, 7.81, 15.63,
31.25, 62.5, 125 and 250 pg/ml), marmelosin (39.06, 78.13,
156.50, 312.50, 625.00 and 1250.00 pg/ml), or 20 pL of A.
marmelos powdered sample in methanol (9.765, 19.53, 39.06,
78.13 and 156.25 ug/ml) in Tris buffer pH 7.8 with 20 pl of
acetylcholine esterase (0.27 U/ml) solution in Tris buffer pH
7.8. The plate was slowly shaken on shaker for 30 minutes,
then Ellman’s reaction mixture consisting of 50 pyL of 5, 5'-

dithio-bis (2-nitro benzoic acid) (10 mM) and 20 pl of
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acetylthiocholine (75 mM), was added. The plate was shaken
on shaker and allowed to stand at room temperature for 30
minutes in order to complete the reaction. Absorbance was
measured at 412 nm by using microplate reader (BioTek
PowerWave™ XS, USA). The experiment was done in
triplicate starting from mixing the Ellman’s reaction mixture
with the test sample. The percentage of acetylcholine esterase
inhibition (percentage of inhibition) was calculated according

to the following equation:
Percentage of inhibition = (Ag- Aq) / Ag x 100,

where Ay was the absorbance of control reaction (all

solutions without tested compound) and A; was the
absorbance of standard or tested compound. Half-maximal
inhibitory concentration (ICsq) of galantamine was calculated
from the graph of inhibition percentage versus log
concentration. ICx, of tested compound was calculated from

the graph of inhibition percentage versus concentration.

Results and Discussion

Aegle marmelos fruit beverage was prepared by boiling
the dried fruits in water, and was made to powdered form by
revealed that

a spray dryer. HPTLC chromatogram

matoomnim, matoomkhai and matoomban had similar
chemical fingerprints with marmelosin at hR; 5 (Figure 3). The
chromatogram suggested that marmelosin was not a major
constituent in A. marmelos fruit beverage. The content of
marmelosin varied among fruit cultivars (Table 1).

The content of marmelosin in matoomnim was 1.6 times
and the content in matoomban was 1.5 times higher than that
in matoomkhai. The previous study revealed that marmelosin
content obtained from methanol extraction of the fruit was 270

pg/100 mg dry fruit."

Another study estimated marmelosin
content by extraction of the dry fruits using a Soxhlet
apparatus and reported that marmelosin content was 500-650
pg/100 mg dry fruit."? It was apparent that marmelosin content
in the fruits differed by fruit cultivars and extraction methods.

To explore acetylcholinesterase inhibitory activity, the
beverage powdered was prepared in methanol. When the
powdered was re-dissolved in water, it could not
homogenously mix with the acetylcholinesterase assay
system. Therefore, the result of the inhibitory activity could not

be obtained. On the other hand, methanolic solution of the
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powdered could exhibit activity in a concentration-dependent

manner and the IC5, was shown in Table 1.

hR;
10

A B

Figure 3 HPTLC chromatogram of A. marmelos fruit
beverage derived from matoomnim (a), matoomkhai (b),
matoomban (c) and marmelosin (d) visualized in UV 366 nm (A)

and UV 254 nm (B).

Table 1 The marmelosin content of A. marmelos powdered

and their half-maximal inhibitory concentration (IC50) of

acetylcholinesterase activity.

Marmelosin content (ug) in IC,, of acetylcholinesterase

100 mg dried powder activity (ug/ml) (%RSD)

1012.11
651.00

matoomnim 133.22 (2.93)
136.27 (3.28)
124.54 (3.93)
942.81 (4.46)

114.64 (1.62)

matoomkhai
matoomban 985.04
marmelosin

galantamine

225

The previous studies revealed contrast results of
marmelosin activity determined based on Ellman’s method.
Kim et al reported that the ICs, was 63.7 pM (17.22 pg/ml)™3,
whereas Sigurdsson and Gudbjarnason stated that inhibitory
activity was above 274 pg/ml, i.e., ICs > 274 pg/ml. ™
Sigurdsson and Gudbjarnason described that their result
differed from Kim et al since their study did not incubate
marmelosin with the enzyme for 30 minutes before the
reaction buffer was added. Both studies used mouse brain as
the enzyme source and did not report catalytic activity of the
enzyme. In our study, the activity of marmelosin was

determined based on Ellman’s method but using the
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commercial enzyme from electric eel. The enzyme activity was
0.27 U/ml. Our result disagreed with those previous studies.
In this study, marmelosin content in 100 mg powder obtain
from various types of the fruit ranged from 600 to 1000 ug,
while the activity reported as IC5, was 125 to 136 pg/ml. The
activity was close to that of galantamine, which is a potent
acetylcholinesterase  inhibitor,’® and was higher than
marmelosin alone. It was observed that there was no apparent
relationship between marmelosin content and the activity
(Figure 4). Marmelosin was a major compound in Angelica

3% and has been reported to be one of the active

spp
principles that play a crucial role for the acetylcholinesterase
inhibitory activity in these plants. According to HPTLC
chromatogram (Figure 3), marmelosin was not a major
constituent in A. marmelos fruit beverage.

The activity presented in the fruit beverage may be the
synergistic effect of other active substances in the A.
marmelos fruit beverage. In addition to marmelosin, psoralen
and bergapten were also reported to be furocoumarin
components in A. marmelos fruit.'> Psoralen isolated from
Psoralea corylifolia fruits'® and bergapten obtained from
Heracleum crenatifolium Boiss." have been found to exhibit
inhibitory activity of acetylcholinesterase enzyme. Thus, these
compounds may be responsible for the activity in A. marmelos
fruits. Several minor components such as flavonoids, phenolic
compounds, and alkaloids were also found in A. marmelos
fruits.'®% Thus, the composition of the active substances in
the powdered fruit should be investigated and the inhibition of
enzyme activity should be evaluated to establish the

synergism of the active substances in the fruit powder.
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Figure 4 Sscatter plot between marmelosin content and

acetylcholinesterase inhibitory activity.
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Conclusion

A common feature in the Alzheimer's disease (AD) brain
is the presence of acetylcholinesterase which is commonly
associated with oxidative stress caused by [-amyloid
plaques.® The beverage obtained from A. marmelos dried fruit
powder exhibited a prominent acetylcholinesterase inhibitory
activity, thus it could be regarded as a potential food
supplement to delay or prevent AD. In addition, since the
activity obtained from each fruit cultivar was comparable, they
could be alternative to each other. Further study should be
performed to clarify the chemical constituents that exhibit
inhibitory activity of acetylcholinesterase enzyme as well as to
demonstrate the synergistic effect of marmelosin and other

components.
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