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Abstract: Extraction and isolation of ethyl acetate extract from the stem and root of ginger
(Zingiber zerumbet Linn) and study of antioxidant and alpha glucosidase inhibitory
properties of this extract. The results showed that the substances from the ethyl acetate
extract inhibited a-glucosidase more effectively than the positive control acarbose, with an
ICso value of 95.7 pug/mL, but the DPPH antioxidant activity was weaker than that of the
positive control Trolox, with an ICso value of 76.2 pg/mL. Syringic acid (1) and
Kaempferol-3-O-(4-O-acetyl)-a-L-rhamnopyranoside (2) were isolated from the ethyl
acetate extract. In which, compound 2 showed strong a-glucosidase inhibitory activity with
the corresponding ICso value of 98.63 uM, twice lower than that of acarbose (ICso 214.1
uM). The a-glucosidase inhibitory activity of substances from the stem and root of ginger
(Zingiber zerumbet Linn) was demonstrated, which is a good anti-diabetic plant.

Keywords: Zingiber zerumbet, chloroform extract, o-glucosidase, aromadendrin,
naringenin.

1. Introduction

The Ginger family (Zingiberaceae), is the family with the largest number of species in
Vietnam, including perennial herbs with rhizomes that creep horizontally or form tubers,
growing in moist places, under the canopy of large trees or forest canopy. Including 47 genera
and nearly 1,000 species distributed in tropical and subtropical regions, mainly in South and
Southeast Asia, with the most important species being ginger, turmeric, galangal, cardamom
and cardamom [1-3]. Ginger has many uses, the stem and root are often used as a food spice
or appetizer in the cuisine of many countries. In traditional medicine, active ingredients
extracted from the rhizome are used to treat swelling, loss of appetite, back pain, diabetes,
inflammation, chest pain, rheumatism, bronchitis, indigestion and sore throat [4-6].

Wind ginger, also known as wild galangal, green mugwort, sun mugwort, this plant
belongs to the genus Ginger and grows wild in the northern mountainous provinces of our
country, in humid places or along dense streams [7]. The important part of Ginger is the
rhizome, which has many medicinal uses. According to oriental medicine, the plant has a
bitter taste, neutral and spicy properties, and has the effect of clearing heat, eliminating
wind, relieving pain, treating blood stasis, treating strokes, abdominal pain, and swelling.
In addition, this plant is also used as a tonic, clearing heat, stimulating appetite, and
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nourishing the body for postpartum women [8]. Pharmacologically, Z. zerumbet has been
studied to inhibit colon and lung carcinogenesis in mice [9], CXCL12-induced breast and
pancreatic cancer cell invasion [10], apoptosis in liver cancer [11], inhibition of the
expression of multiple scavenger receptor genes induced by phorbol esters in THP-1
human monocytes and Epstein-Barr virus activation [12-13]. Many studies on the chemical
composition of Z. zerumbet have shown many different bioactive compounds such as:
zerumbone, borneol, a-pinene, p-pinene, camphor, linalool, limonene, a-curcumene, a-
humulene, humulene monoxide, humulene dioxide, p-caryophyllene, camphene, cineole
[14] and sesquiterpenoids such as humulene epoxide I, humulene epoxide Il, humulene
epoxide 111, humulenol I, humulenol Il and caryophyllene oxide were found in the essential
oil of the rhizome of Z. zerumbet India [14-16]. In addition, some new compounds were
also identified in the essential oil of Z. zerumbet including: cis-nerolidol, a-phellandrene,
terpinolene, p-cymene, caryophyllene oxide, J-cardinene, fenchone and bornyl acetate
[17]. Several phenolic compounds and glycosides have also been found such as:
zerumbone, 3-0O-methyl kaempferol, kaempferol-3-0-(2,4-di-O-acetyl-ao-L-
rhamnopyranoside), and kaempferol-3-O-(3,4-di-O-acetyl-o-L-rhamnopyranoside) from
the rhizome [18]. Zerumbone is a compound isolated from Ginger, which has been
extensively studied because it exhibits many valuable biological activities such as
analgesic [19], anti-inflammatory [20-23] and antiplatelet aggregation [24] in vivo. Among
the plants used as medicine, ginger (Z. zerumbet) is a familiar plant in life and contains
many active ingredients that can inhibit the enzyme a-glucosidase and are of interest. In
this article, the research process on ginger (Z. zerumbet) collected in Dak Lak province,
from the rhizome extract, isolation and identification of substances from the ethyl acetate
extract. And testing the ability to inhibit the enzyme a-glucosidase and antioxidant of the
extract and isolated compounds.

2. Materials and Methods

2.1. General

Column chromatography (CC) was conducted on silica gel 60 (Merck, 15-40 um,
40-63 um and 63-200 «m). Thin layer chromatography (TLC) was carried out on precoated
plates of silica gel 60 F254 (Merck) and spots were visualised using UV light (254 and 365
nm) or staining with vanilin-H>SO4 10% solution and heating for 2-3 min. The UV spectra
were recorded on a V-630 UV-VIS spectrophotometer (Jasco, Japan). NMR spectra were
measured on a Bruker Avance 500 MHz NMR spectrometer, operating at 500 MHz (*H)
and 125 MHz (*3C) with TMS as an internal standard. Chemical shifts were recorded in
parts per million 6 (ppm).

2.2. Plant materials

Z. zerumbet was collected in Dak Lak province, Vietnam in May 2023 and scientifically
identified by Dr. Nguyen Quoc Binh, Vietnam Museum of Nature, Vietham Academy of
Science and Technology (VAST). The specimen (GG-AG-01) is kept at the Faculty of Natural
Sciences and Technology, Tay Nguyen University, Dak Lak province, Vietnam.
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2.3. Extraction and isolation

The stems and roots were washed, chopped, dried at 40°C for 3 days to obtain 5.2 kg
of dry matter. The sample was extracted with methanol (MeOH) (3 liters x 3) at room
temperature using conventional ultrasound-assisted techniques. The extract was obtained and
concentrated under reduced pressure to obtain 608.3 g of methanol residue. The methanol
residue was distributed in the solvents in order of increasing polarity: n-hexane, chloroform,
ethyl acetate (each solvent 3 liters x 3). Solvent recovery yielded the following residues: n-
hexane (145.0 g), chloroform (54.0 g), ethyl acetate (18.2 g) and methanol (374.0 g). The
ethyl acetate residue was applied to a silica gel chromatography column (CC) and eluted with
a chloroform: methanol gradient solvent system (ratio 100:0 to 0:100, v/v) to obtain 7
fractions A-G. Fraction D was further isolated by (CC) on silica gel, eluted with a n-hexane-
ethyl acetate gradient solvent system (ratio 70:1 to 0:100, v/v) to obtain 10 fractions D1-D10.
Fraction D4 was separated by silica gel CC column with gradient solvent n-hexane:ethyl
acetate (ratio 100:0 to 0:100, v/v) combined with preparative thin layer chromatography
(PTLC) with chloroform:methanol system (45:55, v/v) to obtain compound 1 (4.6 mg).
Fraction D7 was separated by silica gel CC column with gradient solvent n-chloroform:ethyl
acetate (ratio 100:0 to 0:100, v/v) to obtain 6 fractions D7.1- D7.6. Fraction D7.3 was
separated by silica gel CC column with chloroform:ethyl acetate gradient solvent (ratio 100:0
to 0:100, v/v) combined with preparative thin layer chromatography (PTLC) with
chloroform:ethyl acetate system (65:35, v/v) to obtain compound 2 (7.1 mg).

2.4. Inhibition of a-glucosidase assay

a-glucosidase inhibition was performed according to the method [25] where the
extracts and compounds were dissolved in DMSO and diluted with phosphate buffer (pH
6.8) at different concentrations of 250, 100, 50, 25 and 10 pg/ml. In a 96-well plate, the
reaction mixture containing 100 pL of phosphate buffer (100 mM, pH 6.8), 40 uL of extracts
or compounds, 20 uL of a-glucosidase (0.4 U/mL, CAS No. 9001-42-7, Sigma) was
incubated for 15 min at 37 °C. was stopped with 100 uL of Na>COs (0.1 M) for each well
after 20 min of incubation. Without the test compound, the reaction was performed as a blank
control and acarbose was used as a positive control. The experiments were performed in
triplicate. The absorbance of the released p-nitrophenol was measured at 405 nm using a
microplate reader. The inhibition results were calculated using the following formula:

Inhibition (%) = [(OD control - OD sample)/ OD control] x 100

The 1Cso value showed the concentration of compound inhibiting 50% of a-glucosidase
activity. The ICsq value was calculated using TableCurve software.

2.5. Antioxidant Assay

The antioxidant capacity of B. variegata essential oil was evaluated based on its
DPPH free radical scavenging activity, following a modified method of Nguyen and Eun
[26]. Briefly, 1 mL of the essential oil sample was transferred into a test tube, followed by
the addition of 5 mL of DPPH solution. The mixture was shaken thoroughly and kept in
the dark at room temperature for 30 min. Absorbance was then measured at 517 nm using
a UV-VIS spectrophotometer (Janway 6305, UK). A control sample containing methanol
was prepared in parallel. The antioxidant activity was calculated using Eqg. (1).
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Al - A4
Antioridant (%) = —i5° 1005 ()
where AB and AA are the absorbance of the control sample (sample containing only
methanol) and the absorbance of the reaction solution containing essential oil, respectively.
The antioxidant activity of essential oils was determined by half-maximal inhibitory
concentration (I1Cso).

3. Results and Discussion

3.1. Chemical composition

From the ethyl acetate extract, using thin layer chromatography (CC) with silica gel
as the adsorbent, thin layer chromatography (TLC) and fractional crystallization obtained
2 substances 1 and 2

Compound 1 was obtained as white powder, soluble in acetone solvent. The *H NMR
of compound 1 shows that at low field, there are signals of 2 aromatic protons located at meta
positions at on 7.41 (2H, s, H-2/6) corresponding to a benzene ring with 4 substituents at
positions 1,3,4,5; together with 2 methoxy! groups at high field at o4 3.96 (6H, s; 3/5-OCHj3).
The *CNMR of compound 1 indicated the presence of 9 carbons, including 1 carbonyl
carbon of the acid group at dc 167.7 (C-7); 3 quaternary aromatic carbons attached to oxygen
at oc 148.5 (C-3), oc 141.7 (C-4) and oc 148.7 (C-5); 1 quaternary aromatic carbon at dc
121.8 (C-1), 2 tertiary aromatic carbons at oc 108.4 (C-2) and dc 108.4 (C-6); and 2 methoxyl
carbons at dc 56.8 (C-3/5). Above NMR spectra of 1 (Table 1 and Figure 2) shown that
compound 1 has a structure of a polyphenolic acid. A search of reference documents
combined with a comparison of the spectral data of compound 1 and syringic acid [26] shows
similarities. Therefore, compound 1 is concluded to be syringic acid (Figure 1).

Table 1. *H and **C NMR data of 1 and Syringic acid /26] (5 ppm, CD;COCD3)

Compound 1 (CDsCOCD3) Syringic acid [26] (CD3sCOCDs)
Su (ppm), J (Hz) ¢ (ppm)  3u (ppm), J (H2) 8c (ppm)
2 - 121.8 - 121.9
1 7.41s 108.4 7.335s 108.4
2/6 - 148.5 - 148.9
3/5 - 141.7 - 141.8
4 - 167.7 - 170.0
7 56.8 3.88s 56.8
3,5-OCH;s 3.96s 56.8 3.88s 56.8
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Figure 2. *H and *C NMR spectra data of compound 1

Compound 2 was obtained as pale yellow powder. The *H-NMR of compound 2
showed the presence of 2 pairs of orthor-coupled aromatic proton signals at o4 7.84 (2H;
d; J = 8.7 Hz; H-2', H-6"], 6n 7.04 (2H; d; J = 8.7 Hz; H-3', H-5") corresponding to a
benzene ring with 2 substituents at para position; 2 meta-coupled aromatic proton signals
at on 6.27 (1H; d; J = 2.1 Hz; H-6)], 61 6.47 (1H; d; J = 2.1 Hz; H-8) corresponding to a
benzene ring with 4 substituents at positions 1, 2, 3, 5 and 1 proton signal of alkyl hydroxyl
group at dn 12.67 (1H; s; 5-OH). In addition, the *H-NMR of compound 2 also showed
additional signals of the sugar moiety: 1 anomer proton at on 5.53 (1H; d; J = 2.1 Hz; H-
1"); 4 oxymethine protons at on 4.24 (1H; dd; J = 3.1 Hz, 1.2; H-2"), 6n 3.86 (1H; dd; J =
9.7 Hz, 3.3; H-3"), on 4.83 (1H; t; J = 9.7 Hz; H-4"), on 3.41 (1H; dg; J = 9.9, 6.3 Hz; H-
5"); 2 methyl groups at Jx 0.78 (3H; d; J = 6.2 Hz; H-6"), on 1.98 (3H; s; 4"-COCHs).

The 3C-NMR of compound 2 indicated the presence of 23 carbons, in which there
is 1 carbonyl carbon of the connecting ketone group at ¢ 179.2 (C-4); 1 carbonyl carbon
of the ester group at oc 170.1 (4"); 4 aromatic carbons carrying oxygen at oc 163.3 (C-5),
dc 165.1 (C-7), 6c 158.1 (C-9), 6c 161.0 (C-4"); 2 olefin carbons carrying oxygen at dc
158.7 (C-2), oc 135.6 (C-3); 2 aromatic carbons at oc 105.8 (C-10), oc 122.5 (C-1'); 6
aromatic carbons at dc 99.6 (C-6), dc 94.6 (C-8), oc 131.7 (C-2', C-6"), oc 116.3 (C-3', C-
5"; 1 carbon anomer at dc 102.3 (C-1"); 4 carbon oxymethine at oc 71.5 (C-2"), ¢ 74.5 (C-
4"), oc 69.8 (C-3"), dc 69.0 (C-5"); 2 carbon methyl at c 17.6 (C-6"), dc 20.9 (4").
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Flgure 3. H and **C NMR spectra data of compound 2

Table 2. *H and **C NMR data of 2 and kaempferol-3-O-(4-O-acetyl)-a-L-rhamnopyranoside
[27] (6 ppm, CD3COCDs)

Kaempferol-3-O-(4-O-acetyl)-a-L-

Compound 2 (CDsCOCD) rhamnopyranoside [27] (CDsCOCDs)

du (ppm), J (Hz) dc (ppm) Su (ppm), J (H2) dc (ppm)
2 158.7 158.2
3 135.6 135.4
4 179.2 179.1
5 163.3 163.2
6  6.27(lH;d;J=2.1) 99.6  6.27 (1H, brs) 100.0
7 165.1 166.3
8  6.47(lH;d;J=2.1) 94.6  6.47 (1H, brs) 94.8
9 158.1 158.4
10 105.8 105.4
1 1225 122.4
2.6 7.84(2H;d;J=87) 1317  7.82 (2H;d;J=8.6) 131.7
3,5  7.04(2H;d;J=87) 116.3  7.05(2H: d; J =8.6) 116.4
4 161.0 161.2
1" 553(1H;d;J=12) 102.3  5.54 (1H, brs) 102.3
2" 424(1H;dd;J=3.1,12) 715  4.25(1H, brs) 715
3" 386(1H;dd;J=97,33) 698  3.87(l1H;dd;J=98,34)  69.8
4" 483 (1H;t;J=9.7) 745 483 (1H:t; J=9.8) 74.5
5 341(1H;dq;J=9.9,6.3) 69.0  3.42(1H;dq;J=10.0,6.2)  69.0
6"  0.78 (3H:d;J=6.2) 176 078 (3H:d;J=6.1) 17.6
4
(>C=0) 170.1 170.8
2
(CHy L9BGH:S) 209  1.98 (3H;s) 20.9
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5-OH  12.67 (1H;s)

'H-NMR and **C-NMR spectral data show that compound 4 has the structure of a
flavonol skeleton with 3 hydroxyl groups, 1 sugar molecule and 1 acetyl group (Table 2
and Figure 3). Combined analysis of HSQC spectral data and HMBC (Figure 4) also shows
that the sugar molecule has typical substituents of rhamnopyranoside sugars including: 1
anomer group, 4 oxymethine groups, 1 methyl group and this sugar molecule is attached
to the C-3 position of the flavonol skeleton through HMBC correlation of the anomer
group's H-1" proton with C-3. The acetoxyl group is attached to the sugar molecule at the
C-4" position through HMBC correlation of the acetyl group proton and the oxymethine
H-4" proton of the sugar molecule with the carbonyl carbon of the acetoxyl group (Figure
5). Comparison of the spectral data of compound 4 with that of kaempferol-3-O-(4-O-
acetyl)-a-L-rhamnopyranoside showed compatibility.
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Figure 4. HSQC and HMBC spectra data of compound 2

Figure 5. HMBC correlation of compound 2
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Figure 6. HR-ESI-MS spectrum of compound 2

The high-resolution HR-ESI-MS mass spectrum (Figure 6) gave a pseudo-molecular

ion peak at m/z 497.1061, corresponding to

the molecular formula Ca3H22011. The

theoretically calculated value for [CorH26013+2Na-H]* was 497.1060 m/z, with a
theoretical error of 1 mmass compared to the experimental one. Therefore, the proposed

structure of compound 2 was kaempferol-3-O-(4-

O-acetyl)-a-L-rhamnopyranoside (Figure

1) From the above argument and comparison of their spectral data with published works

allowed to confirm their structures (Figure 1).

COOH

H,CO OCHs
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Compound 1 Compound 2

Figure 1. Structures of compounds isolated from Zingiber zerumbet

3.2. Biological activity
3.2.1. a-glucosidase inhibitory activity

The total methanol extract, n-hexane extract, chloroform extract, ethyl acetate extract
and two isolated compounds from the rhizome of Z. zerumbet were evaluated for a-
glucosidase inhibitory activity. As shown in Table 3, the remaining methanol extract
showed weak inhibitory activity against a-glucosidase while the n-hexane extract showed
no inhibitory activity. Both chloroform and ethyl acetate extracts showed good inhibitory
activity, however, the ethyl acetate extract showed better inhibitory activity, so we selected
this extract for the isolation of the compounds.

Table 3. a-glucosidase inhibitory activity of extracts from Z. zerumbet rhizomes

L 1Cso
Inhibition (1, %)
Extracts 25 10 (kg/mL)
250 pg/mL 100 pg/mL 50 pg/mL ug/mL  pg/mL

Total MeOH  ga6415 275:26 23:26 - - 1552
residue

nHexane 791128 186+14 - - - LT
extract

ChloroforM g/ 8415 402+29 64:18 - - 1269
extract

Ethylacetate 751422 52032 28544061 73+14 - 957
extract

Acarbose 214.1
*1>100%; - 1<1%

Two compounds isolated from ethyl acetate extract of Z. zerumbet rhizomes were
evaluated for a-glucosidase inhibitory activity. The results are shown in Table 4.

Table 4. a-glucosidase inhibitory activity of compounds from Z. zerumbet rhizomes

Inhibition (I, %) ICso

Compound (UM)
250 100 50 25 10
pg/mL pg/mL pg/mL pg/mL pg/mL

Syringic acid (1) 86.5+1.2 352+15 19.0+1.1 - - 142.55
Kaempferol-3-O-(4-
O-acetyl)-a-L- 5048 +0.67 33.0+1.1 6.1%+1.2 - 98.63
rhamnopyranoside (2)
Acarbose 214.1

*1>100%; —1<1%
The results showed that both compounds had stronger inhibitory activity against a-
glucosidase enzyme than the positive control, acarbose, with 1Csp values of Syringic acid
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(1) and Kaempferol-3-O-(4-O-acetyl)-a-L-rhamnopyranoside (2) being 142.55 and 98.63,
respectively, much smaller than that of acarbose (ICso = 214.1 uM). Among the two
compounds, compound 1 showed stronger inhibitory activity against a-glucosidase
enzyme, thus having potential use as an antidiabetic drug.

3.2.2. Antioxidant activity

DPPH free radical inhibitory activity test on total methanol residue, n-hexane
extract, chloroform extract, ethyl acetate extract and and two isolated compounds from the
rhizomes of Z. zerumbet. The results are presented in the table 5

Table 5. Antioxidant activity of extracts from Z. zerumbet rhizomes

Extracts Inhibition (1, %) ICso
100 pg/mL 50 pg/mL 25 pg/mL 10 pg/mL | (png/mL)

Total MeOH | ) o0, 170 | 7.43+066 | 3.89+0.85 0.07% >100
residue 0.81
n-Hexane 841+1.10 | 4.34+0.80 _ _ >100
extract
Chloroform | /9 664004 | 3256+ 0.85 | 19.04+181 | 20/% ~100
extract 0.70
Ethyl acetate | o o1+ 0.08 | 37.36 066 | 2045+074 | S29% 76.2
extract 0.55
Trolox* 2.73

The results of the DPPH free radical inhibitory activity test of Z. zerumbet rhizomes
on crude extracts showed that most of the extracts had weak activity at 4 test
concentrations. In the 5 active test extracts, 4 samples of n-hexane, chloroform, ethyl
acetate and total methanol extracts had inhibitory activity at a concentration of 100 pg/mL;
in which ethyl acetate extract had an inhibition percentage greater than 50% at a
concentration of 100 pg/mL. In addition, n-hexane, chloroform, ethyl acetate and total
methanol extracts all had inhibitory activity at a concentration of 50 pug/mL; chloroform,
ethyl acetate and total methanol extracts had inhibitory activity at concentrations of 25
pg/mL and 10 pg/mL. Ethyl acetate extract had the strongest DPPH free radical inhibitory
activity with 1Cso value = 76.2 pg/mL. However, the activity of this sample was still
weaker than that of the positive control trolox (ICso = 2.2 pug/mL).

4. Conclusions

Four extracts and two compounds from Z. zerumbet rhizomes were studied for their
inhibitory activity against a-glucosidase and DPPH inhibitory antioxidant activity. The
results showed that the ethyl acetate extract showed good activity with 1Cso lower than the
ICso of acarbose. Both compounds had good inhibitory activity against a-glucosidase but
Kaempferol-3-O-(4-O-acetyl)-a-L-rhamnopyranoside (2) isolated from the ethyl acetate
extract showed strong activity with ICso lower than the positive control, especially
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Kaempferol-3-O-(4-O-acetyl)-a-L-rhamnopyranoside with 1Cso value of 98.63 uM
compared to 214.1 uM of acarbose. All extracts showed weak DPPH antioxidant activity
compared to the positive control trolox. The potential a-glucosidase inhibitory activity of
chloroform extract and compounds from Z. zerumbet rhizome provides a theoretical basis for
its application in functional foods, drugs or healthcare products to support diabetes treatment.
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