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ABSTRACT

The potentials of Etlingera elatior rhizome as artidiabetic agent have been performed in the curstindy using
anti a-glucosidase, antk-amylase, anti-oxidation, and anti-inflammationigittes. The macerated ethanolic crude
extract (EE) and five fractions with different polees, partitioned with n-gHg (F1), CHCl, (F2), EtOAc (F3), n-
BuOH (F4), and HO (F5), were prepared to be tested the biologiaaidties. The results indicated that all crude
extracts exhibited good inhibition for bothglucosidase and-amylase in the range of 28.36-99.79% and 35.91-
58.13% at the concentration as 25 pug/mL, respdgtivdost of them displayed equipotent to 9 foldhkigthan
standard acabose, especially for amtiglucosidase activity. Due to widely distributiori flavonoids in all
partitioned extracts, flavonoids might play the orant roles im-glucosidase andx-amylase inhibition. EE
andnon-polarfractions (F1 and F2), showed the poyerin anti-inflammatory activity equal to standard
indomethacin with 16 19.35, 17.79, 21.12and 19.81pg/mL, respectivelg. likely that the presence of terpenoid
aglycones in F1 and F2fractions could possess iafftammatory activity of E. elatior rhizome. For tioxidation
activities, the presence of tannin, phenolic aagdhoid was associated with good activity of Et@#ction (F3),
when compared with standard ascorbic acidsfl@2.60 and4.22ug/mL, respectively) whereas F2, R8@ B4
revealed good anti-oxidation profile by FRAP ass@wr findings supported the ability of E. elatidiizome in
development as nutraceutical purpose for utilizimgliabetic care in near future.

Keywords: Etlingera elatior anti-glucosidase activity, antie-amylase activity, diabetes mellitus, anti-
inflammatory activity

INTRODUCTION

Presently, diabetes mellitus (DM) has been remaiodzk the worldwide health problem and led todkereasing
in quality of life of the patients. It affected abst 366 million patients in 2011 and will be risitgg500 million in

2030 [1]. Type 2 diabetes mellitus (T2DM) or theshimcidence among the other types of DM is oftansed by
the insulin resistance [2]and degenerative prosedsenaging pancreas, muscle, and fat tissues. obmexious
processes are principally originated by the reacsipecies, such as oxygen free radical, peroxitsaperoxide
species, which are subsequent to unwanted oxidatothe particular organ in the body. In additiadhe

inflammation process is another one reason thatdcdefect the endocrine system by the releasesadtive
intermediates, nitric oxide (NO), during the inflaration process.
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o-Glucosidase andz-amylase are digestive enzymes which catalyzed kteaking down carbohydrates or
polysaccharides to monosaccharides [3]. The blazkhgse enzymes can delay the carbohydrate digestid
provide lower absorbable sugars after meals ardittebower glucose uptakes and blood sugars [#5F becomes
an attraction as the therapeutic option for DM catnb

Etlingera elatior is belonging to the family Zingiberaceae and wdglows in tropical area [6]. In tropical
countries,E. elatior is often used as the food ingredients and astiwadl medicines for DM, earache, cleaning
wounds and post-partum women[6]. There were sevemrts determining the antidiabetic activityEof elatior
usually from leaves, however, Bf elatiorrhizome have not been determined to date.

Due to the incurability of DM, the primary therapieusuccesses in DM care involve the preventiornthea
occurrences of the vascular complications. Ratten the uses of potent antidiabetic drugs, thedigs important
as well in controlling the blood sugar level andueing the complications. Therefore, in this study, aim to
investigate the anti-glucosidase, anti-amylase, anti-inflammation, antioxidant activitiesevaluate the potentials
of E. elatiorrhizome to be developed in nutraceutical world.

EXPERIMENTAL SECTION

1.Chemicals

The solvents for extractions, hexameGgH,), dichloromethane (C}Ll,), ethyl acetate (EtOAc), buthanat-(
BuOH) methanol (MeOH), chloroform (CHgland ethanol (EtOH) were purchased from Labscaia As.,
Thailand. Biological activities testing were perfadd usinga-glucosidase ang-nitrophenyla-D-glucopyranoside
from Sisco Research Laboratories Pvt. Ltd., In8iandard acarbose-amylase and starch azure were purchased
from Sigma, Sigma-Aldrich, Germany. Lipopolysacéttar(LPS) from Escherichia coli, RPMI-1640 mediuga,
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetraasin bromide (MTT), standard indomethacin, phospHauéer
saline (PBS), dimethyl sulfoxide (DMSO), Tween &)2-diphenyl-1-picrylhydrazyl (DPPH), standard atio
acid, quercetin, potassium ferricyanide, trichlaetéc acid, ferric chloride, sodium hydroxide, centrated
sulphuric acid, Dragendroff reagent and hydrogeloride were purchased from Sigma Aldrich (Sigma ridh,
USA). Fetal calf serum (FCS) was from Gibco (Invifen, California, USA). Penicillin-streptomycin waem
Invitrogen (Invitrogen, California, USA). 96-Wellionoplates were obtained from Nunc (Nunc, BirkrBénmark).

2.Plant materials

The rhizomes oE. elatior were collected from Songkhla province, Thailand?014 and were identified by the
plant taxonomist, Dr. Oratai Neamsuvan. Vouchecispen has been deposited at the Faculty of Traditid hai
Medicine, Prince of Songkla University. The plaratarials were cleaned with tap water to remove @wd other
contaminants, sliced into smaller pieces, and tivéed by hot-air oven for 48 hours at 50°C. Drjddnts were
grinded to be fine powder and kept at 4°C in tHiegerator until uses.

3.Crude extract preparation

2,600 g of rhizome powder were macerated usingnetf@ 48 hours. After collecting the filtrate, shethanolic
macerate was evaporated at 45°C under reducedupgess obtain ethanolic crude extract. Maceratioese
repeated in triplicates and all extracts were comthito give 127.33 g of ethanolic crude extract)(Eiquots of
this crude extract (120 g) wereinitially dissolweith 10% aqueous MeOH and then proceed the segli@atitition
using several solvents includimgCgsHg, CH,Cl,, EtOAc,n-BuOH, and HO to finally obtain five fractions (F1-F5),
respectively. All of them were used to determirgirtbiological activities and phytochemical screeni

4.Biological activities testing

4.1. g-amylase inhibitory activity

a-Amylase inhibitory activity was determined by theodified method of Gao and Kawabata (2005) and
Hansawasdi et al. (2000)[7,8]. Two mg of starchrezas enzyme substrate, were dissolved by baitiftig2 mL of
0.05 M Tris-HCI buffer (pH 6.9) containing 0.01 MaCk at 100°C for 10 min. The mixture was then cooledm
to 50 °C in 5 min and followed by pre-incubatior3@PC for 5 min prior to further steps. The santplée tested,
approximately 2 mg, was prepared by dissolvinghi mixture of 1 mL of DMSO and 0.1 mL of porcinenpeeas
a-amylase (1.6 unit/mL) in 20 mM phosphate buffad .9) containing 6.7 mM NaCl solution. The reactivas
initiated after mixing both substrate and enzymetaming extract solutions and it was allowed touinate at 37°C
for 10 min. Finally, the chemical reaction was oulead by adding 0.5 mL of 50% acetic acid and thenghed
reaction-mixture was centrifuged at 3000 rpm at #C5 min. The absorbance of the resulting supgamnaat 595
nm was measured. The % inhibition was calculatefbllywing equation;

Inhibition (%) = [(A-B) / (A)] x 100;
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WhereA andB are the absorbance of negative control and samgspectively.
The negative and positive controls were conductsiguDMSO and acarbose, respectively.

4.2. a-glucosidase inhibitory activity

a-Glucosidase inhibitory activities were performeg the modified method of Kumar et al. (2013)[9]. gD of
sample solution in DMSO was mixed with Pl of a-glucosidase solution (0.57 unit/mL) in 50 mM phioste
buffer (pH 6.9). After pre-incubation at 37°C fd¥ fnin, this mixture was added by f0 of 5mMp-nitrophenyla-
D-glucopyranoside in phosphate buffer (pH 6.9) aodtinuing the incubation at 37°C for 20 min. Thadtion was
guenched by adding of 5@ of 1 M NaCO; solution. The absorbance of the final solution wasasured at 405
nm. The % inhibition was calculated based on thieiang equation (n = 4).

Inhibition (%) = [(A-B) / (A)] x 100;
WhereA and are the absorbance of negative control and samgspectively.
The negative and positive controls were conducsaguDMSO and acarbose, respectively.

4.3.DPPH radical scavenging assay

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scagerg activities of extracts were determined by thedified
methods of Brand-Williams et al. (1995)[10]. Briefll70 uL of 24% w/v DPPH solution was mixed with 3L of
tested sample solution in DMSO. The mixture wasvedld to stand at room temperature for 30 min withiding
from light and was followed by the measurementhefabsorbance at 515 nm (MeOH as blank and ascaclias
positive control). The % inhibition was calculateg following equation;

Inhibition (%) = [(A-B) / (A)] x 100;
WhereA and are the absorbance of negative control and samgspectively.
ICso were determined from the graph plotted betweerhiitions against sample concentrations (n = 4).

4.4. Ferric reducing antioxidant power (FRAP) assay

The reducing antioxidant power of samples werei@drmout by the modified method of Yildirim et aR001)[11].
Briefly, 200 pL of sample (250 pg/mL) were mixedwb00 uL of 0.2 M phosphate buffer (pH 6.6) an@ 5. of

1% wi/v potassium ferric cyanide. The mixture waacplin the incubator at %D for 30 min and followed by the
addition of 500 pL of 10% w/v trichloroacetic acidfter the centrifugation at 3000 rpm for 30 mi®06pL of the
supernatant were taken to mix with 600 pL of detilwater and 120 pL of 0.1% w/v of FgCThe resulting
mixture was measured at 700 nm. Reducing antiokigamwer of tested samples were expressed as girercet
equivalents (mg quercetin/g sample).

4.5. Nitric oxide inhibitory activity

Inhibition the NO production in murine macrophade|cell-line, RAW264.7 was evaluated by the methudd
Sudsai et al. (2014)[12].Cells were cultured intund flask at 37°C with a humidified atmospheretaonng 5%
CO, using RPMI medium supplemented with 0.1% NaHC® mM glutamine, penicillin G (100 units/mL),
streptomycin (10Qug/mL), and 10% FCS as culture medium. Cells ween tharvested with trypsin-EDTA and
suspended in a fresh medium. The cells were seed@8twell plates with 1x10cells/well and allowed to adhere
the bottom of well in the incubator. After 1 hoacubation, the medium was replaced by a fresh medntaining
25 pg/mL of LPS and the test samples or indomethactan@ard drug) at various concentrations (1-100
ug/mL).After 24 hours, the supernatant (100) were collected and reacted with Griess reag&f0 (L) for
measuring the accumulation of nitrite in the suptant. The reaction was measured by spectrophotor{febwer
Wave X from Bio-Tex Inc) at 570 nm. The % inhibitievas calculated based on the following equatiah 1&13,
were determined from the graph plotted between #itibns against sample concentrations (n = 4).

Inhibition (%) = [(A-B) / (A-C)] x 100
WhereA, B, andC are the absorbance of LPS solution, sample with, lahd sample without LPS, respectively.
Cytotoxicity was also determined using the MTT coleetric method. After 24 hours incubation withetltest

samples, MTT solution (10 pL, 5 mg/mL in PBS) walsled to the wells. After 2 hours incubation, thediom
was removed, and isopropanol containing 0.04 M #W&$ then added to dissolve the formazan produdatighe
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cells. The optical density of the formazan solutiwas measured with a microplate reader at 570 nhine test
samples were considered to be cytotoxic when thieadmensity of the sample-treated group was tleas 80% of
that in the control (vehicle-treated) group.

5. Phytochemicals analysis

Ethanolic crude extract d&. elatior rhizome was phytochemically screened for the pdssiecondary metabolite
including tannins, phenolic compounds, flavonoi@spenoids, and alkaloids by the modified methodgtahdard
procedures[13].

5.1. Testing for tannins

25 mg of each sample were boiled in 5 mL of destilwater and then the suspension was filtered gifrdilter
paper (Whatman No.1). By the addition of a few drop0.1% ferric chloride, the sample filtrate bmeabrownish
green or blue black, if tannin is present.

5.2. Testing for phenolic compounds
25 mg of each sample in 2 mL of ethanol were mix@tl a few drops of 5% ferric chloride solution.& presence
of phenolic compounds could turn the solution tduash black color.

5.3. Testing for flavonoids
25 mg of each samplein 2 mL of ethanol were mixa& & few drops of 10% NaOH solution and led thieitson
turning to yellow. By adding 1 mL of conc,80,, flavonoid-containing samples were de-colorized.

5.4. Testing for terpenoids
25 mg of each sample in 2 mL of chloroform werepared. A few drop of conc. sulphuric acid was adc@fully
to from the layer. Formation of reddish brown catderface at the boundary indicated the presehterpenoids.

5.5. Testing for alkaloids

25 mg of each sample were suspended in 5 mL of H@oesolution with boiling for 15 min. Two mL of dited
ammonia solution (pH > 8) was added after filtetfeel mixture solution through filter paper. The oo was then
partitioned with 5 mL of chloroform. The part aquecsolution was collected and then mixed with 10ahlacetic
acid. The presence of alkaloids was determinecheyeddish brown precipitate after a few drops ad@ndorff's
reagent.

6. Statistical treatment

All results were expressed as meanzS.D. Thg\@lues were calculated using the Microsoft Exeegpam. The
comparison of the data was evaluated using oneanalysis of variance (ANOVA) using SPSS 16.0, fotd by
LSD.

RESULTS AND DISCUSSION

The powder oE. elatiorrhizome was extracted by the maceration usingnelita give 127.33 g of ethanolic crude
extracts(EE; 4.76% dried weight). Of ethanolic @wxtract, sequential partition was carried outdctionate EE
(120 g) into five fractions (F1-F5) to be differantthe polarities. The weights, %yields, and pbgsappearances
of each fraction were shown in Table 1.

The a-glucosidase and-amylase inhibitory activities of all samples (Efda-1-F5) were demonstrated in Table 2.
Interestingly, all tested samples at the concdotré?5 pug/mL exhibited strong inhibition teglucosidase and more
potent than acabose significantly. Their %inhilsisovere in the range of 28-99% in which only Fdiser than
80%. Fora-amylase inhibitory activities, all tested sampecept F1displayed intermediate potency with bytsly
higher than acabose significantly to blaekmylase activity where F2, F4, and F5 showed thiaWibitions more
than 50%.

In DPPH radical scavenging assay, the activitiedCagof extracts were shown in Figure 1. F2-F4 couldl wel
scavenge the DPPH radical withs)C2.60, 24.77 and 26.61 pg/mL, respectively as coenpg ascorbic acid (Kg
4.22pg/mL) while only F3exhibited most potent aritiant capacity in FRAP assay with the highest cetn
equivalence (3.28 mg/g of quercetin) as shown gufg 2.

Furthermore, the blockage of NO productionEofelatior rhizome extracts was also performed to deterntiee t

degree of anti-inflammation. Anti-inflammatory peapy of the extracts was compared with indomethaasn
positive control. The results as % inhibition ay aoncentration and kg values were shown in Table 3. All crude
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extracts could suppress NO production in a dosestdgnt manner without cytotoxic effect at the comiaion up
to 100 pug/mL. The ethanolic crude extracts (EE) thiedhon-polar fractions (F1 and F2) illustratetistactory anti-
inflammatory activity with the potency equal torsdard indomethacin, while the moderate to high pekdracts
(F3-F5) showed the moderate activity.

The phytochemical compositions &. elatior rhizome were primarily screened. The general pthegmicals
including tannins, phenolics, flavonoids, terpesagehd alkaloids in the crude extracts were evaduistgualitative
manner as showed in Table 4. Of ethanolic crudeaetd prior to fractionation, it was comprised ahiins,
phenolic compounds, flavonoids and terpenoidsnbualkaloids. When the fractionation was procesiadonoids
could distribute to all partitions. Tannin was altsén non-polar fraction (F1) and phenolic compoudid
notcontain in HOfraction (F5). Surprisingly, terpenoids werespréaid both non-polar (F1 and F2) and polar
fractions (F4). It was probable that the terpenaisiglycoside were present in F4.

With the comparision of all biological activitieBavonoids played the important role for antidiabetctivities and
the terpenoid aglycone modulated anti-inflammataegivity of E. elatior rhizome. Tannin, phenolic and flavonoid
compounds would associate with the strong antiatioth activities in EtOAc fraction (F3).The resuttsnfirmed
the potential of Zingiberaceous plants for antleénfmation and antioxidation [12,14,15,16].

Table 1The amounts of each fraction and their physal appearances

Sample  Weight (g) % Yield (Ww) Physical appearance

F1 47.67 37.83 % dark brown, semisolid
F2 6.60 5.24 % yellow-brown, solid
F3 4.01 3.18% reddish-brown, solid
F4 18.03 14.30 % light brown, solid

F5 27.01 21.43 % brown, solid

Table 22-Glucosidase andz-amylase inhibitory activities of crude extract andeach fraction

% Inhibition ?

Samples -

a-glucosidase a-amylase
EE 95.34+0.57 45.39+3.34
F1 94.36+1.65 35.91+2.52
F2 28.3648.95 50.77+2.52
F3 86.36+2.23  43.56+3.46
F4 99.79+0.05  55.31+0.96
F5 92.10+0.80  58.13+2.70

Acarbose 11.12+45.93 43.39£1.19
®he sample concentrations were at 25 pg/mL.
"p<0.05 as compared with standard acarbose.

Table 3Anti-inflammatory activity of crude extract and each fraction

% inhibition at various concentrations (ug/mL)

Sample I 3 0 30 100 IC 50 (ng/mL)
EE 7.1243.01 14.43£3.12 33.46+3.29 56.93+0.41 HDEO 19.36+3.08
F1 8.76+2.14 16.74+3.01 38.99+3.18 58.21+1.11 88! 17.80+0.82
F2 4.92+3.58 16.544£2.85 29.93+0.89 55.06 +2.29 0R0.28 21.12+6.15
F3 2.21+£2.17 5.244£3.53 13.34+2.39 31.77+2.50 68143 52.13+2.73
Fa4 - 7.14+0.54 13.98 0.82 30.15+3.62 70.86+1.13 0@A4.10
F5 5.431+0.25 13.60+1.06 23.50+1.00 69.72+1.45 8%81.3%

Indomethacin  23.3241.28 34.08+1.35 44.94+0.70 50A3 85.90+0.44 19.82+0.96
# significantly difference when compared with stadd#rug acabose,
(-) = not determined.

Table 4 Phytochemical analysis of crude extract andach fraction

Sample Tannins  Phenolics Flavonoids Terpenoids Alkaids
EE + + + + -

F1
F2
F3
F4
F5

+ + + +
I+ o+
|

+
|

+ + + 4
+ + + + +

+
+to be present; - to be absent.
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Figure 2Quercetin equivalence of crude extract anéachfractionin FRAP assay
The letters indicate the statistically significatitference of the data.

CONCLUSION

E. elatiorrhizomes satisfactorily exhibited antiglucosidase and antramylase, antioxidantion, anti-inflammatory
activities. It demonstrated the ability & elatior rhizomes as the potentials to use for nutracdufiogpose in
diabetic care. The isolation of active componerdamifE. elatiorrhizome for antidiabetic activity is ongoing.
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