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ABSTRACT

Alpinia zerumbet is an economically important species that belongs to the family Zingiberaceae. It is widely used in
traditional medicines and nutraceuticals. This study explores the phytochemical constituents of the extracts of both
leaves and rhizomes of A. zerumbet together with their in-vitro anticholinesterase effect. Using the LC/MS-MS
technique, both leaves and rhizomes of A. zerumbet were analyzed leading to the annotation of 24 constituents in the
methanolic extract of the leaves and 23 constituents in the rhizomes extract encompassing various classes including
phenolic acids, flavonoids, kavalactones, diarylheptanoids, gingerols and terpenoids. Both extracts demonstrated
promising anticholinesterase activity, with the rhizomes exhibiting a stronger effect (ICso = 2.229 + 0.077 pg/mL)
compared to the leaves (ICsq = 3.573 + 0.123 pg/mL). Tacrine served as the standard for anticholinesterase activity,
with an 1Csy = 0.428 + 0.015 pg/mL. The results suggest that A. zerumbet, particularly its rhizomes, holds potential
as a natural source of anticholinesterase agents, warranting further investigation for therapeutic applications.
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The hippocampus and several parts of the

central nervous system (CNS) collaborate to form
Neurodegenerative diseases affect millions of the memory where the mission of the

people globally. Parkinson’s and Alzheimer’s

1. Introduction

hippocampus is controlled by cholinergic neurons

diseases are among the most widespread
neurodegenerative disorders [1]. According to the
WHO, more than 55 million people have
dementia around the world nowadays, and over
60% of them are living in the low-and middle-
income countries. This number increases by 10
million cases yearly.

that come from many brain regions. Different
studies have shown that people with Alzheimer's
disease (AD) and other age-related memory loss
are distinguished by a specific loss of cholinergic
neurons in the hippocampus and a considerable
decrease in Acetylcholine (ACh) levels. The first
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known neurotransmitter and the chief executor of
the cholinergic nervous system is Acetylcholine
(ACh) which plays a vital role in memory and
learning [2]. Acetylcholinesterase (AChE) is a
cholinergic enzyme mainly found at postsynaptic
neuromuscular junctions, mainly in the nerves
and muscles [3], and is predominantly found in
the brain [4] Its major role is to stop synapses
from transmitting neural information and sending
signals to avoid the dispersal and activation of
nearby receptors by the ACh [3]. Disturbances in
AChE levels are associated with the pathogenesis
and progression of many neurodegenerative
diseases and neuropsychiatric disorders such as
Alzheimer’s disease and hepatic encephalopathy
[5]. Consequently, inhibiting the degradation of
ACh in the CNS by hindering
acetylcholinesterase (AChE) activity is expected
to enhance the ACh level in the brain, enhance
brain function, and improve learning disabilities
and memory damage.

Family Zingiberaceae (the Ginger family) is
one of the flowering plant families that comprises
about 53 genera and 1600 species of aromatic
rhizomatous perennial herbs [6] and is widely
distributed across the globe [7]. Nearly all organs
of Zingiberaceae plants are utilized in traditional
medicine, as food sources (spices and flavoring
agents), and for producing natural dyes. Their
rhizomes, such as those of Curcuma longa,
Zingiber officinale, and Alpinia galanga, are
particularly cherished for their nutritional,
therapeutic, and pharmacological qualities and
are commonly used to treat ailments like
flatulence, diarrhea, and stomachache [8].

Despite the common use of Zingiberaceae
plant organs as edible ingredients, there is limited
research on their nutritional composition and
bioactivities.

Alpinia zerumbet (Pers.) Burit. et Smith. is
also identified as shell ginger [9]. It is a
herbaceous plant with an aromatic odor,

a rhizomatous stem, long sharpened leaves, and
semi-pendent inflorescences. Alpinia zerumbet
grows naturally in East Asia and has been
introduced and naturalized in several regions of
the world, such as the north and northeast regions
of Brazil [10, 11]. It has been widely used in folk
and traditional medicine, for treating several
health disorders and diseases [12].

In the literature, A. zerumbet was reported to
have numerous bioactive secondary metabolites,
including gingerols, kava lactones like dihydro-
5,6-dehydrokawain and 5,6-dehydrokawain as
well as flavonoids, namely  quercetin,
kaempferol-3-O-deoxy hexosyl hexoside (15),
and kaempferol-3-O-hexouronide (16), among
others.

A wide spectrum of biological actions has
been reported for A. zerumbet such as
antidepressant and anxiolytic-like effects, anti-
nociceptive, antioxidant, anti-inflammatory,
cytotoxic, antiaging, antihypertensive, and
antibacterial properties [11]. Besides, studies
have proven the neuropharmacological and
analgesic effects of the methanolic extract of A.
zerumbet seeds [13].

Several plants have been wused in the
treatment of many diseases [14] and proved to be
neuroprotective agents [15]. Therefore, this
research aims to explore the phytoconstituents of
Alpinia zerumbet leaves and rhizomes and their
correlation with in vitro anticholinesterase
activity, which may aid in the management of
cognitive disorders like Alzheimer's disease,
dementia, memory loss, and related conditions.

2. Materials and methods
2.1. Plant material

Leaves and rhizomes of Alpinia zerumbet
were collected from El Orman Botanical Garden,
Egypt. Mrs. Therese Labib, former Taxonomy
Specialist, at Orman Botanic Garden, Giza, Egypt
identified the plant. Voucher specimens (PHG-P-
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AZ-4) were placed in the Pharmacognosy
Department’s Herbarium at the Faculty of
Pharmacy, Ain Shams University.

2.2. Preparation of the plant extracts

The air-dried powder of both rhizomes and
leaves of A. zerumbet (0.65 & 0.20 kg) was first
defatted using hexane then the defatted samples
were extracted by MeOH, maceration till
complete exhaustion. Then the extracts were
filtered and concentrated wusing a rotary
evaporator to yield dark solid residues (33 & 14
0), respectively.

2.3. Liquid chromatography-tandem mass
spectrometry (LC-MS-MS) characterization

At the Faculty of Pharmacy, Ain Shams
University, the LC-MS-MS was carried out by
using a Xevo TQD triple quadrupole system
(Waters Corporation, Milford, MA 01757, USA)
equipped with an electrospray ESI source
(electrospray voltage, 3.0 kV; sheath gas,
nitrogen; capillary temperature, 440 °C) in both
positive and negative mode.

The ion trap MS system was combined with a
UPLC apparatus with a reversed-phase C-18
column (ACQUITY UPLC BEH C18 column,
1.7 um particle size, 2.1 x 50 mm column). A
gradient mobile phase (A: H,O containing 0.1%
formic acid, B: Acetonitrile, also acidified with
0.1% formic acid) was used for mobile phase
elution at a flow rate of 0.2 mL/min. The MS
spectra were obtained in both positive and
negative modes (between m/z 100 and 1000) with
a starting collision-induced dissociation energy of
20 eV. For processing the spectra, MassLynx 4.1
software was used. The compounds were
tentatively recognized by matching retention
times (Rt) and mass spectra to already reported
literature [16].

2.4. Determination of anti-cholinesterase

activity using colorimetric inhibition kit

A colorimetric inhibition kit was used to
measure the ability of the AChE enzyme to
decompose the colored substrate and then
measure the absorbance of the resulting yellow
chromophore at 412 nm, followed by comparing
it with reversible AChE inhibitors such as
donepezil, tacrine, and rivastigmine [17]. The kit
components included an AChE assay buffer,
AChE substrate, probe mix, and a reversible
inhibitor (Donezepil).

The residual extracts were dissolved in
DMSO  (Merck), to obtain different
concentrations. The sample mixture was further
diluted with the AChE assay buffer. Next, 10 ul
of diluted test inhibitors were transferred into
appropriate wells of a 96-well plate with a clear
and flat bottom. The reaction mixtures were
added to the test wells of a 96-well microtiter
plate. For each well, 40 pL reaction mix was
prepared containing 10 pL of diluted AChE
substrate, 5 uL of probe mix, and 25 pL of AChE
assay buffer were then added to test inhibitors
(S), Inhibitor Control [IC], Enzyme Control [EC]
and Background Control [BC] wells. The total
reaction volume for each well was 200 pL.
Enzyme Control (No Inhibitor) [EC] and
Background Control [BC] were prepared by the
addition of 100 pL of assay buffer to the
designated well(s). Donezepil was used as a
positive control. Finally, they were mixed well
and incubated at room temperature for 10-15 min
far from light. The absorbance (OD) was
measured at 412 nm in kinetic mode for 40 min
at room temperature. The inhibitory effect of the
samples was calculated compared to the negative
control:

% Relative Inhibition =

l:_'.'!ops of [El‘_']—s!ops of[,SD
Slope of [EC]

x 100
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Slope of [=]
Llope of [EC]
Where EC is the

enzyme control and S is the sample.

% Relative Activity = X100

The inhibition of enzyme activity was
expressed in terms of 1Cs, (the concentration of
the sample required to inhibit 50% of the
enzyme) which was calculated by linear
regression analysis.

3. Results and discussion

3.1. Phytoconstituents in A. zerumbet leaves
and rhizomes via LC-MS/MS

Phytoconstituents of the methanol extracts
from rhizomes and leaves of A. zerumbet
cultivated in Egypt were tentatively identified
employing LC-MS-MS analysis in both positive
and negative ionization modes (Fig. 1),
depending on fragmentation patterns that were
compared with the previous literature. The
structures of the assigned metabolites are
presented in Fig. 2-5, together with their
fragmentation patterns that helped in their
assignments.
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Fig. 1. Base Peak chromatograms of the methanol extracts of A. zerumbet leaves (AZL) and rhizomes (AZR) in negative ESI

mode (A) and positive ESI mode (B).

A total of 23 constituents were tentatively
recognized in the methanol extract of A. zerumbet
rhizomes in the positive and/or negative
ionization mode along with 24 constituents in the
leaves. The identified phytoconstituents belonged
to different phytochemical classes such as

phenolic acids (7), kavalactones (2), gingerols
(2), diarylheptanoids (3), diarylheptanoid-
sesquiterpene (1), diterpenoids (2), and
flavonoids  (14) including chalcones (2),
dihydrochalcone (1). The identified constituents
are listed in (Table 1).
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Table 1. Tentatively assigned metabolites in the methanol extract from A. zerumbet leaves and rhizomes

employing LC-MS/MS in negative/positive ionization modes.

25

No. Rt Identified Compound [M-HI [M+H]* MS? ions (m/z) Leaves Rhizomes  Reference Class
1 0.397  Citric acid 191 147, 129 - + [18] Organic acid
2 0.085  Cinnamic acid 147 103 - + [12] Phenolic acid
3 0.735  Piperidine alkaloid 342 324, 306, 288 - + [19] Alkaloid
4 0.77 Caffeoyl hexoside 341 179, 119, 89, 71 - + [20] Phenolic acid
5 155 Protocatechuic acid 153 109, 97, 91, 81 - + [12] Phenolic acid
6 2.207  Hydroxybenzoic acid 137 92 - + [21] Organic acid
[22]
7 241 Quinic acid 191 179, 173, 169,146, - + [12] Phenolic acid
137,127, 73
8 3.2 Coumarin 147 103, 91 + - [23] Coumarin
9 5.05 p-Coumaric acid 163 119, 93 - + [12] Phenolic acid
10 5.30 Vanillic acid 167 152, 108 - + Phenolic acid
11 5.65 Benzoic acid 123 94,77, 43 - + [21] Organic acid
12 5.84 Quercetin hexouronide 477 301, 225, 179, 163, + - Flavononol
151
13 5.88 Quercetin 303 229, 153, 137 + - [24] Flavonol
14 6.108  Hexonic acid 197 179,91 + - [25] Sugar derivative
15 6.22 Kaempferol deoxy 593 285 + - [12] Flavonol
hexosyl hexoside
16 6.36 Kaempferol hexouronide 461 463 +287,113, 85 + - [26] Flavonol
285,270, 113
17 642  Kaempferol 287 213, 165, 153, 121, + - [27] [28] Flavonol
93
18 7.003  Hydroxy gallic acid 187 125, 97 - + [29] Phenolic acid
19 8.62 Hydroxylated cardamon 285 269, 165, 119 + [30] Chalcone
20 8.9 Cardamonin 269 271 (+) 271, 167, 152, + + [30][31] Chalcone
124
(-) 254, 227, 177,
165, 139, 122
21 9.025  Alpinetin 269 271 (+) 167, 131, 193 + + [21] Flavanone
254, 226, 165, 97
)
22 9.093  Apigenin 269 227,225, 183, + + [12] [32] Flavone
151, 149, 107
23 10.02  a-Curcumene 203 147, 133, 119, 105, + - [4] Sesquiterpene
91, 67
24 10.83  Dihydro-5,6- 231 91, 105, 133, 203 + + [33] Kava lactone
dehydrokawain (DDK)
25 113 5,6-Dehydrokavain 229 141,131 + + [33][34] Kavalactone
(Dk)
26 11.24  Pinocembin 255 257 213, 151, 123, 107, + + [12, 27] Flavanone
103
27 129 Genistein 269 227,225, 197, 183 + + [12, 32] Isoflavone
28 13.08  Uvangoletin 271 239, 165, 139, 124 + + [21] Dihydrochalcone
29 13.15  Naringenin 271 229, 171, 153, 151, + - Flavanone
123
30 14.44  Zedoalactone H 265 169, 96 - + [27] Guaiane-type
sesquiterpene
31 14.41  6-Shogaol 277 149, 135, 123, 121, + - [4] Gingerol (Shogaol)
107
32 15.2 6-Paradol 279 261,201, 149, + - [4] Gingerol (Paradol)
137,135, 123, 121
33 16.3 Alpininoid E 483 255, 181, 147 + - [35] Diarylheptanoid-
sesquiterpene
34 16.6 Zerumbetol 301 233, 231, 219, 203, + + [36] Diterpenoid
177, 137
35 16.88  3,5-Dihydroxy-1-(3,4,5- 433 171, 153 - + [27] Diarylheptanoid

tri methoxyphenyl)— 7-
(3.4-
methoxyphenyl)heptane
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36 17.18  Isorhamnetin 315 271, 269, 147
37 17.39  Villosin 301 218, 177
38 17.49  3-Hydroxy-1-4- 325 183
hydroxyphenyl)-5-
methoxy-7- phenyl-6-
heptene
39 23.74  3,5-Dihydroxy-1-(4- 407 193, 167

hydroxy-3,5-dimethoxy
phenyl)-7-(4-hydroxy-
3-methoxyphenyl)
heptane

+ [24] Flavonoid
[21] Diterpenoid

+ [27] Diarylheptanoid

+ [37] Diarylheptanoid

3.2. Phenolic acids

From the results, a number of phenolic acids
were identified in the methanol extract of A.
zerumbet rhizomes such as cinnamic acid (2),
protocatechuic acid (5), hydroxybenzoic acid (6),
quinic acid (7), coumaric acid (9), vanillic acid
(10) and benzoic acid (11) (Fig. 2).
Protocatechuic acid (Peak 5) was tentatively
identified at [M-H]" 153 m/z and a fragment ion

COOH
Rl
R2
R; R>

(5) Protocatechuic OH OH
acid
(6) Hydroxybenzoic H OH
acid

(10) vanillic acid OCH; OH

(11) Benzoic acid H H

at m/z 109 [M-H-44]" referring to the loss of CO,
[12]. Quinic acid (Peak 7) showed a precursor
ion at m/z 191 and a fragment ion at m/z 173 [M-
H-H,O]. While p-coumaric acid (Peak 9)
displayed [M-H] at m/z 163 and a fragment ion at
m/z 119 [M-H-44] due to the loss of CO,.
Besides, vanillic acid (Peak 10) was tentatively
identified at m/z 167 [M-H] showing a fragment
ion at m/z 152 [M-H-CHs]’, and m/z 108 [M-H-
CH3-CO.][12].

0
X OH
R
(2) Cinnamic acid H
(9) Coumaric acid OH

Fig. 2. Phenolic acids identified in the methanol extract of A. zerumbet rhizomes and leaves.

3.3. Flavonoids and chalcones

Flavonoids are a class of compounds with

strong antioxidant properties that ameliorate
many diseases associated with oxidative stress
[38]. A total of fourteen flavonoids belonging to
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various  subclasses  (flavones,  flavonols,
isoflavones, flavanones, and chalcones) were
potentially identified in the methanolic extract of
A. zerumbet (Fig. 3). They are exemplified by
apigenin (22) as a flavone, quercetin (13) and
kaempferol (17) as flavonols, alpinetin (21),
pinocembrin  (26) and naringenin (29) as
flavanones, in addition to their glycosides as
quercetin hexouronide (12), kaempferol deoxy
hexosyl  hexoside (15) and kaempferol
hexouronide (16). Three chalcones were also
tentatively identified such as cardamonin (20),
hydroxycardamonin (19), and uvangoletin (28).
In addition, one isoflavone was identified as
genistein (27).

(12) Quercetin I'I':-:‘Jf o OH OH (19) Hydroxylated
hexouronide 1O L I~ cardamonin

(13) Quercetin OH o om (0)Cardamonin
(15) Kaempferol Rhamnosyl H OH

deoxy hexosvl (1—6) glucose

hexoside

(16) Kaempferal Hooc, H OH

hexouronide 1O = s

(17) Kaempferol OH H OH

(22) Apigenin H H OH

(36) Isorhamnetin OH OCH: OH

HO

(815}

A,

0

27

Flavanones were annotated (Peaks 21, 26, and
29) which showed precursor ions [M-H] at m/z
255. Pinocembrin (Peak 26) was previously
identified and isolated from the leaf methanolic
extract [12, 40]. Fragments appeared at m/z 213
[M-H-C,H,0], and m/z 151 for [** A] [41].
Peaks 28 & 29 showed precursor ions at m/z 271
[M-H] identified as uvangoletin and naringenin,
respectively. Uvangoletin displayed characteristic
fragment ions at m/z 124, 139, and 165 in a
pattern similar to cardamonin and was previously
isolated from A. zerumbet pericarp [21], while
naringenin exhibited fragment ions at m/z 151,
123 and 229 referring to “*A", * ‘A" and [M-H-
CO,] [32].

HO

0

R, 0

Ry Ry

OH OCH; OH (21) Alpinetin OCH: H

H OCH OH (26) Pinocembrin OH H
3 (29) Naringenin OH OH

OH Genistein (27)

Uvangoletin (28)

Fig. 3. Flavonoids and chalcones identified in the methanol extract of A. zerumbet rhizomes and leaves

Peaks 13 and 17 showed protonated ions at
m/z 303 and 287 respectively with a characteristic
fragmentation pattern of flavonol aglycone
appearing at m/z 153 and 165 referring to “*A*
and % 2A", respectively [24]. Peak 13 contains an
additional fragment at m/z 137, which
corresponds to the ® ?B* ion. Peaks 13 and 17

were assigned as quercetin and kaempferol,
respectively [28].

Kaempferol deoxy hexosyl hexoside (Peak
15) showed a deprotonated ion [M-H] at m/z 593
with fragment ions at m/z 431 and 285 indicating
a loss of a hexosyl moiety [M-H-162] then loss
of a deoxyhexosyl moiety [M-H-162-146].
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Peaks 12 and 16 were tentatively identified as
guercetin  hexouronide and  kaempferol
hexouronide. The precursor ions [M-H] were
detected at m/z 477 and 461, respectively. A
neutral loss of a hexouronide moiety (176 ppm)
was confirmed from fragment ions observed at
m/z 301 and m/z 285 indicating quercetin and
kaempferol aglycones, respectively.

Four peaks were detected exhibiting
deprotonated molecular ions at m/z 269.
Chalcone is a characteristic subclass of Alpinia
species [39]. Peak 20 was assigned as
cardamonin chalconoid with a molecular ion
peak [M-H] at m/z 269 and fragment ions at 254
and 227 m/z because of the loss of CH; and

no 119 =

HO OH

139
177 ar 1?‘_9

Fig. 4: Fragmentation of cardamonin (20)

Moreover, Peak 22 and Peak 27 displayed
precursor ions at m/z 269 [M-H]. They were
identified as apigenin and genistein, respectively.
Both isomers displayed common fragment ions at
m/z 225 (-CO,) and m/z 183 but interesting
differences were also noted. Apigenin reveals
various RDA fragments, particularly the noticeable
ion at m/z 149 attributed to a **B +2H fragment, and
m/z 107 referred to “*A” - CO, [32]. Both apigenin
and genistein were previously identified in the
methanolic extract of A. zerumbet leaves [12]. Peak
21 showed a precursor ion at m/z 269 [M-H] and
was assigned as alpinetin classified as flavanone.
Other flavanones were annotated (Peaks 21, 26 and
M-H] and was assigned as alpinetin classified as
flavanone. Other

CH,+CO  respectively along  with  the
characteristic fragment ion at m/z 165 as a result
of the cleavage between C8 and C9 followed by
serial neutral losses from the fragment ion at m/z
165 producing another two fragment ions at m/z
139 and 122 (165-CO-CHg3-), respectively.
Another fragment ion was detected at m/z 177
which represents part | of the cardamonin
structure [30]. Cardamonin showed a base peak
at m/z 167 in the positive ion mode [31].
Cardamonin was previously isolated from A.
zerumbet rhizomes, seeds, and pericarp [21].
These proposed fragmentation patterns of

cardamonin in the negative ion mode are shown
in (Fig. 4).

29) which showed precursor ions [M-H] at m/z 255.
Pinocembrin (Peak 26) was previously identified
and isolated from the leaf methanolic extract [12,
40]. Fragments appeared at m/z 213 [M-H-C,H,07],
and m/z 151 for [** A] [41]. Peaks 28 & 29 showed
precursor ions at m/z 271 [M-H] identified as
uvangoletin and naringenin, respectively.
Uvangoletin displayed characteristic fragment ions
at m/z 124, 139 and 165 in a pattern similar to
cardamonin and was previously isolated from A.
zerumbet pericarp [21], while naringenin exhibited
fragment ions at m/z 151, 123 and 229 referring to
LA 1A and [M-H-CO,] [32].
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(A) Kavalactones B) Diarylheptanoids
OCH; : 5
J OH OH
Ry 6 4 2 g,
R /\)\/‘\/\
R OH R R
2 2 X - Rz R, R,
@35) OH Ar4 Ar3 39) ALS A1-'6
(38) OCH; Ar2 Arl
© H;CO. )
g H;CO | \
Dihydro-5.6-dehydrokavain (24) : / ‘8
OCH; \
Hj X HO
HO 0 H;CO HO
OCH; OCH; OCH; OCH;
Arl Ar2 Ar3 Ar4 ArS Ar6

(D) Diterpenoids

5.6-Dehydrokavain (25)

Zerumbetol (34) Villosin (37)

Fig. 5. Representative compounds identified in the methanol extract of A. zerumbet leaves or/and rhizomes using LC-MS/MS;
(A) kavalactones, (B) diarylheptanoids, (C) possible aryl-substitutions, (D) Diterpenoids.

3.4. Kavalactones Alpha-curcumin (Peak 23) displayed a
protonated ion at m/z 203 and fragment ions at
m/z 147 attributed to [M+H- 2CHs- C=CH,]"
followed by a serial loss of CH, appearing at m/z
133, 119, 105 and a fragment ion at m/z 91
representing the tropylium cation. Curcumin is a
sesquiterpene that was previously identified in
the rhizomes of Zingiber officinalis [4] (Fig. 6A).

Peaks 24 and 25 were identified as dihydro-
5,6-dehydrokavain (DDK) and 5,6-
dehydrokavain (DK) exhibiting precursor ions
[M+H]" at m/z 231 and 229, respectively (Fig. 5).
Those were previously isolated from A. zerumbet
leaves as major compounds [34].

3.5. Terpenoids

@A)

B)

o-Curcumene (23) Zedoalactone H (30)
(©) OH 6-Shogaol (31)
Alpininoid E (33)

H,CO
(CH,)sCH;

HO
6-Paradol (32)

Fig. 6. (A) Sesquiterpenes, (B) Gingerols, (C) Diarylheptanoid-sesquiterpene identified in the methanol extract from A. zerumbet
rhizomes and leaves.
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3.6. Gingerols

Gingerol is one of the phenolic compounds
that has a 3-methoxy-4-hydroxyphenyl functional
group [4]. Two gingerols were identified in the
methanolic extract of A. zerumbet leaves
including one shogaol and one paradol (peaks 31
and 32, respectively) (Fig. 6B). Peak 32 showed
a protonated molecular ion peak [M+H]" at m/z
279 being 2 units greater than peak 31. The
presence of a fragment ion at m/z 201 suggested
that compound (35) could be 6-paradol, missing
the double bond in 6-shogaol (peak 31) between
carbons 4 and 5 [4].

3.7. Diarylheptanoids

The Zingiberaceae family is rich in
diarylheptanoids which are bioactive phenolics
[27]. Diarylheptanoids are a class of natural
chemicals with a 1,7-diarylheptane skeleton such

MeO. I
HO
OMe

MeO CH,

HO

ome M= 167

Product ion (A)
Fig. 7. Proposed fragmentation pattern of compound (43)

3.8. Acetylcholine esterase inhibitory activity
of the defatted methanolic extracts of A.
zerumbet leaves and rhizomes

Acetylcholinesterase (AChE) is important in
the termination of impulse transmission by rapid
degradation of the crucial neurotransmitter ACh.
Disturbances in its levels are linked with the
pathogenesis of many neurodegenerative and
depressive disorders. Acetylcholine esterase has
an important role in oxidative stress,
inflammatory response, apoptosis, and adhesion

as curcuminoids which are characteristic
medicinal compounds of turmeric [37]. Three
diarylheptanoids (peaks 35, 38 & 39) were
identified in the methanol extracts of both
rhizomes and leaves of A. zerumbet in addition to
a diarylheptanoid-sesquiterpene (peak 33) (Fig.
5). Peak 33 was tentatively identified as
alpininoid E; a diarylheptanoid-sesquiterpene that
was previously isolated from Alpinia officinarum
[35]. Peak 39 was identified as 3,5-dihydroxy-1-
(4-hydroxy-3,5-dimethoxyphenyl)-7-(4-hydroxy-
3-methoxyphenyl)heptane with a protonated ion
at m/z 407 [M+H]" showing the two 3,5-
dihydroxy moieties on the heptane skeleton
which were previously isolated from ginger, in
addition to producing two more characteristic
ions at m/z 167 (product ion A) and 193 (product
ion B) [37] (Fig. 7).

OH

I OH

OMe

m/z 407

MeO /
OMe
m/=193 ¢

Product ion (B)

of pathological proteins [42].

Several studies have demonstrated that the
ACNhE is found to be linked with the pathogenesis
and development of Alzheimer’s disease (AD)
and that people with age-related AD and memory
loss are considered with a loss of cholinergic
neurons in the hippocampus and a drastic
decrease in ACh levels. It is thought that
increasing ACh levels in the CNS improves
learning and memory [2]. Therefore, inhibiting
ACh degradation in the CNS by inhibiting AChE
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activity is expected to relieve learning disabilities
and memory impairment by enhancing the ACh
level in the brain. This is an important therapeutic
strategy for treating some symptoms of this
disease resulting in an increase in both the level
and duration of the neurotransmitter action and
improving cholinergic function in the brain [43].

Clinically relevant AChEI, such as tacrine,
donepezil, galanthamine, and rivastigmine are
universally approved for the treatment of AD and
applied in neurodegenerative disorders treatment
but they have been limited for clinical use
because of their short half-lives and antagonistic
side effects. Thus, looking for new AChEIs with
higher efficacy and safety from other alternatives
such as natural products is the goal of nowadays
investigators [17].

The acetylcholine esterase inhibitory activity
of defatted methanol extracts from rhizomes and
leaves of A. zerumbet was compared to that of
donepezil, tacrine, and rivastigmine which
inhibited the acetylcholinesterase with 1C5, =
0.197 £ 0.007, 0.428 + 0.015 and 4.736 + 0.163
respectively. The methanol extract of A. zerumbet
rhizomes exerted a stronger inhibitory activity
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against acetylcholine esterase compared to the
leaves with IC5, = 2.229 + 0.077 and 3.573 +
0.123 pg/mL respectively. A previous study
reported the anticholinesterase of the methanol
extract from A. galanga Willd. Rhizome where
100 pg/mL induced 16.98 + 0.37 % inhibition
[44]. Another study proved that the leaf extract of
A. zerumbet could inhibit the activity of
cholinesterase from pig serum evidently [45].
The anticholinesterase effect of both extracts
from A. zerumbet leaves and rhizomes may be
due to the presence of chalcones such as
cardamonin together with flavonoids such as
apigenin and pinocembrin. Cardamonin has been
previously proven to have a neuroprotective
effect through different mechanisms [46] and
different flavonoids have been reported to be
potent AChE inhibitors with outstanding efficacy
[47]. The stronger effect of the rhizome extract
might be because of the synergistic effect of
phenolic acids where hydroxybenzoic acid and
protocatechuic acid have been previously proven
to exert high anticholinesterase activity [48]. No
studies were traced regarding the
anticholinesterase activity of methanol extracts
from A. zerumbet cultivated in Egypt (Fig. 8).

ACHE ICs,

AZR

AZL WAZR MDonepez

Fig. 8. The anti-acetylcholinesterase activity of the methanol extracts from A. zerumbet leaves (AZL) and rhizomes (AZR).

Donepezil

M Tacrine

Tacrine Rivastigmine

W Rivastigmine
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Conclusion

The current study is considered a
comprehensive analysis of the phytochemical
constituents and anticholinesterase activity of the
methanol extracts from the leaves and rhizomes
of A. zerumbet. The LC-MS/MS analysis
revealed a rich diversity of bioactive compounds,
including phenolic acids, flavonoids,
kavalactones, diarylheptanoids, and terpenoids.
The rhizome extract, in particular, exhibited
significant anticholinesterase activity,
outperforming the leaf extract. These findings
suggest that A. zerumbet, especially its rhizomes,
could serve as a valuable natural source of
anticholinesterase agents. The study underscores
the potential of A. zerumbet in the development
of novel therapeutic strategies for
neurodegenerative diseases, warranting further
investigation into its bioactive compounds and
their mechanisms of action.
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