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ABSTRACT

Objective: This study aimed to determine the inhibitory activity of 1-butyl-3-methylimidazolium bromide ([bmim]Br) extracts of melinjo seeds
(Gnetum gnemon) on dipeptidyl peptidase-4 (DPP-4).

Methods: Melinjo seeds were extracted by a [bmim]Br microwave-assisted method using various extraction parameters and the inhibitory activity
of DPP-4 of all extracts was determined in 96-well microplates using Cayman inhibitor screening assay. Determination of trans-resveratrol content
was conducted using a reverse-phase high-performance liquid chromatography method. The total phenolic content was determined using a 96-well
microplate reader. Data analysis for the determination of the optimal extraction conditions was developed by response surface methodology.

Results: The extract obtained from the third run showed the highest inhibition (28.73%) against DPP-4 activity with the total phenolic content of
1.96 mg gallic acid equivalent/g the seed powder.

Conclusion: The analytical results revealed the following optimal conditions: Solvent concentration 1.5 M, liquid-solid ratio 23:1, and extraction time
15 min.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder characterized by high blood
sugar levels. Metabolic disorders are usually accompanied by disorders
of lipid, carbohydrate, and protein metabolism caused by insulin
resistance and insulin deficiency [1]. The classes of therapeutics
currently used for these conditions, such as sulfonylureas, biguanides,
and a-glucosidase inhibitors, have the major side effects of weight gain
and hypoglycemia [2]. It has recently been observed that dipeptidyl
peptidase-4 (DPP-4) may be used as an antidiabetic and a newer target
for diabetic therapy [3]. In previous research, extracts containing
polyphenols were revealed to have activity as DPP-4 inhibitors [4-6].
Resveratrol is a member of the polyphenol group of stilbenes that
have various pharmacological activities, especially in trans-resveratrol
isomer form including antioxidant, anti-inflammatory, antitumor,
cardiovascular protective, anticancer, and antidiabetic effects [7-11].
Several species of the genus Gnetum are known to contain resveratrol
and its derivatives in quantities sufficient to exhibit physiological
effects [12]. One of those plants is Gnetum gnemon L. or locally known
as melinjo, which widely cultivated in Southeast Asia [13]. Kato et al.
found that melinjo seed extract contains various stilbenoids including
resveratrol, gnetin C, gnetin L, gnemonoside A, gnemonoside C, and
gnemoside D [14].

Resveratrol has been successfully extracted from various plants by
conventional approaches using organic solvents. However, these
extraction methods are considered neither efficient nor environment-
friendly. In contrast, ionic liquid-microwave-assisted extraction
(IL-MAE) is a new extraction method that is environmentally friendly
and uses a microwave as a heat source and ionic liquid for solvent
extraction. MAE has several advantages such as its brief extraction time,
small amount of solvent used, and high efficiency compared with other
conventional extraction methods. ILs also have several advantages
such as high conductivity, very low vapor pressure, adjustable, an

environmentally friendly nature, and being able to efficiently absorb
microwave energy compared with organic solvents [7,15,16]. Based
on studies reported in the literature, ILs-MAE has been developed for
trans-resveratrol extraction from Polygonum cuspidatum roots (2007)
and Smilax china (2009) by Du et al. [17,18]. The results showed that
the best IL for trans-resveratrol extraction from both of these plants
was 1-butyl-3-methylimidazolium bromide ([bmim]Br). However, to
the best of our knowledge, no studies have focused on [bmim]Br in
trans-resveratrol extraction from melinjo (Gnetum gnemon L.) seeds by
an MAE method. As the capacity of this MAE method can be affected by
various factors, trans-resveratrol extraction from melinjo seeds using
[bmim]Br with MAE should be optimized, which can be achieved using
response surface methodology (RSM).

METHODS

Sample preparation

Melinjo (Gnetum gnemon L.) seeds were purchased from a traditional
market in Pandeglang, Banten, Indonesia. Seeds that were still covered
with hard skin were dried, and the hard skin was peeled away. The dried
seeds covered with epidermis were powdered using a commercially
available kitchen blender.

Chemicals used

The ionic liquid 1-butyl-3-methylimidazolium bromide/[bmim]Br was
obtained from Chengjie Chemical Co., Ltd. (China). Standard resveratrol
was purchased from Wako, Japan. Gallic acid, Folin-Ciocalteu P, and
Na,CO, were obtained from Sigma-Aldrich, Japan. Meanwhile, ethyl
acetate and deionized water were obtained from Brataco, Indonesia.
Methanol pro analysis, acetonitrile (high-performance liquid
chromatography [HPLC] grade), and acetic acid were purchased from
Merck, Germany. A PVDF microporous membrane filter of 0.45 um
was purchased from Agilent, USA, and aqua bidest was obtained from
Ikapharmindo, Indonesia.
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Experimental design and statistical analysis

RSM was employed in this study for experimental design, data analysis,
model building, and analysis, with suggestions for optimal conditions
also being given with the software Design Expert (v.10.0.3). Three
factors with three levels were studied with a Box-Behnken design
(BBD) to determine the number of tests and variations in combination,
establish a model, and estimate the interactions between factors and
process parameters. The independent factors were IL concentration
(1.5, 2.0,and 2.5 M), extraction time (10, 12.5, and 15 min), and solvent-
to-sample ratio (18, 20.5, and 23 mL/g). The ranges of experimental
values for the independent factors in this study are given in Table 1.
Meanwhile, the response variable in this experiment was trans-
resveratrol content (mg/g melinjo seed powder).

Each extraction was performed using 1 g of melinjo seed powder placed
in a flat-bottomed flask and immersed in the ionic liquid [bmim]Br
for 1 h in the dark before the extraction process. The extraction was
performed based on the results of an experimental design using a BBD
(Table 2) at microwave power of 30% (P 30%), which was consistently
selected. After the extraction process had been completed, the mixture
of ionic liquid and extract was cooled to room temperature and
centrifuged at 3000 r/min for 15 min. Finally, the obtained supernatant
was filtered, and the volume was measured. The fraction was obtained
from the supernatant by adding Na,CO, solution (0.01 mol/l) and
extracted using ethyl acetate. All of the upper phases were collected
and evaporated in an oven at 40°C. Dried extracts were weighed, and
percentage yield extraction was calculated by dividing mass of dried
extract (mg) with mass of raw material (mg), then times 100%.

Determination of total phenolic content

The total phenolic content was determined using Folin-Ciocalteu
reagent with a microplate reader as reported by Bobo-Garcia et al. with
slight modification [19]. Dried extract was diluted in 5 mL of methanol-
water (1:1 v/v) [20]. Each extract solution was pipetted (20 pL) into a
96-well microplate and supplemented with 100 pL of Folin-Ciocalteu
reagent (1:4 v/v); the mixture was shaken for 1 min in a microplate
reader and then left for 4 min at room temperature. After that, 75 pL
of Na,CO, solution (100 g/l) was added to the mixture, which was
then shaken for 1 min. After 2 h, the absorbance was measured using a
microplate reader at a UV wavelength of 750 nm. Gallic acid solutions
(25-400 mg/1) were used as standards for calibration. This method was
repeated 3 times for the same solution. The results are expressed as mg
gallic acid equivalent (GAE)/g melinjo seed powder.

DPP-4 assay

This assay was performed in 96-well microplates. Cayman’s DPP-4
inhibitor screening assay provides a convenient fluorescence-based
method for screening DPP-4 inhibitors. The assay uses the fluorogenic
substrate, Gly-Pro-aminomethylcoumarin (AMC), to measure DPP-4
activity. Cleavage of peptide bonds by DPP releases a free AMC group,
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resulting in fluorescence that can be analyzed using an excitation
wavelength of 350-360 nm and an emission wavelength of 450-465 nm.
The samples were reconstituted in assay buffer to a concentration of
100 mg/1 (stock solution concentration).

Determination of trans-resveratrol using HPLC

The same extract solution for total phenolic compounds was filtrated
through a 0.45 pm microporous membrane for subsequent HPLC
analysis. HPLC analysis was performed with isocratic elution and a flow
rate of 1.0 mL/min. The mobile phase consisted of H,0-acetonitrile
(75:25 v/v). The solution was adjusted to pH 3 with 5 mL acetic acid.
The injection volume was 20 puL injected through a 20 pL loop into a
Zorbax reverse-phase C18 column, and the UV detector was operated
at 306 nm [21]. Trans-resveratrol in each extract was identified by
comparing the retention time with the reference standard. Trans-
resveratrol concentration in each extract was measured using the
calibration curve of resveratrol standards (1-15 pg/mL).

RESULTS AND DISCUSSION

Total phenolic content

The determination of total phenolic content in melinjo seed extract
from IL-MAE was performed using the Folin-Ciocalteu method, with
a microplate reader as an instrument that can be used rapidly and
consume less solvent, along with gallic acid as a standard solution
due to it being used for the unit of phenolic compounds [3]; this
structure has a hydroxyl group and a conjugated double bond on each
of the benzene rings, making it directly react to form a complex with
the Folin-Ciocalteu reagent [3]. A calibration curve was made in the
concentration range of 25-400 mg/l, obtaining a linear regression
equation of y=0.0084x+0.1689, with R?=0.9992. The results showed
that total phenolic content in melinjo seed powder ranged from 0.4546
to 1.9562 mg GAE/g of melinjo seed powder. The highest total phenolic
content in melinjo seed powder was 2.0128 mg GAE/g of melinjo seed
powder, which occurred in run 6. Run 6 involved the following MAE
conditions: [bmim]Br concentration 2.5 M, solvent-to-sample ratio
20.5:1, and extraction time 15 min.

In this study, the results of total phenolic content in Gnetum gnemon
seed extract from the IL-MAE method (ranging from 0.4546 to
1.9562 mg GAE/g of melinjo seed powder) were lower than the results
from Gnetum gnemon seeds extracted using reflux with 95% ethanol
(6.49 GAE/g, freeze-dried weight of the seeds) [22].

DPP-4 assay

The 17 extracts were analyzed for DPP-4 inhibitory activity, the results
of which are summarized in Table 3. The highest inhibitory rate was
achieved in the third run, at 28.78%, which involved the extraction for
15 min with a solvent concentration of 1.5 M as much as 20.5 mL. The
results revealed inhibitory activity against DPP-4, which may indicate

Table 1: Experimental factor levels for the RSM study in the BBD

Factor Notation Range and levels

-1 0 +1
(X,) Tonic liquid [bmim]Br concentration mol/l 1.5 2.0 2.5
(X,) Extraction time min 10 12.5 15
(X,) Solvent-to-sample ratio mL/g 18 20.5 23
BBD: Box-Behnken design, RSM: Response surface methodology

Table 2: Pipetting summary

Well Assay buffer (pL) DPP-4 (nL) Solvent (pL) Inhibitor (pL) Substrate (pL)
100% initial activity 30 10 10 - 50
Background 40 - 10 - 50
Sitagliptin 30 10 - 10 50
Inhibitor 30 10 - 10 50
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therapeutic potential against type 2 diabetes. The 50% inhibitory
concentration (IC,) of sitagliptin as a standard was 22 nM, whereas
based on previous research, it was 19 nM. Sitagliptin phosphate exhibits
a potent inhibitory effect on DPP-4, with an lC50 of 19 nM, for Caco-2
cell extracts [23]. In a study by Fan et al, 2014 phenolic compounds
were tested, revealing that anthocyanins were the most potent at DPP-4
inhibition [24]. There are more phenolic compounds that have potent
effects of this type, such as resveratrol (IC,, 0.6+0.4 nM), luteolin
(0.12+£0.01 pM), apigenin (0.14+0.02 puM), and flavone (0.17+0.01
uM). The resveratrol presents in melinjo seed extract can impart
a significant antidiabetic effect. Melinjo seed extract also contains
tannin, which is known to have an inhibitory effect on DPP-4, so it can
be concluded that inhibition of DPP-4 activity is not only caused by
resveratrol. In this study, the third run, which was not the sample with
the highest resveratrol content, could inhibit DPP-4 better than other
samples. However, resveratrol also has an inhibitory effect on DPP-4, as
shown by the percentage inhibition achieved by resveratrol standard
100 mg/1 (concentration of stock solution) of 23.52%. This is also
supported by a previous study, which explained that resveratrol has an
antihyperglycemic effect on DPP-4, which increases the level of incretins
followed by lowering of the blood glucose level [25]. Administration
of DPP-4 inhibitors prolongs the half-life glucagon-like peptide-1 and
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glucose-dependent insulinotropic peptide, thus it is used as the newest
pharmaceutical targets for type Il diabetes treatment [26].

Determination of trans-resveratrol content

The method for analyzing trans-resveratrol involved the use of HPLC
by analyzing standard and samples. First, qualitative identification
was performed based on comparison of their retention times (t,).
The retention time of resveratrol standard was 8 min. Quantitative
identification was based on peak area that was plotted in a calibration
curve with a linear equation of y=33194+149376%, (R?=0.9995), where
y is the peak area and x is trans-resveratrol concentration (in mg/1).
The results of trans-resveratrol content from all runs are shown in
Table 2 (column 5). The results showed that trans-resveratrol content
from 17 extraction runs ranged from 0.0309 to 0.0749 mg/g melinjo
seed powder. The results showed that resveratrol content from Gnetum
gnemon seeds from ionic liquid [bmim]Br extract (0.0749 mg/g melinjo
seed powder) was lower than for P. cuspidatum rhizome (2.487 mg/g
rhizome dried powder) ionic liquid extract extracted with the same
ionic liquid ([bmim]Br) and extraction technique (microwave-assisted
extraction) [17]. This difference could have occurred because there
were differences in the matrix and plant material used in the ionic
liquid-based microwave-assisted extraction process [27].

Table 3: Resveratrol content, total phenolic content, and percentage DPP-4 inhibition in 17 samples

Sample Extraction conditions Analysis

[bmim]Br Solvent-to-sample  Extraction Resveratrol content  Total phenolic content % inhibition

concentration (mol/L)  ratio (mL/g) time (min) (mg/gram melinjo (mg GAE/g melinjo DPP-4

seed powder) seed powder)

1 2.5 18 12.5 0.0385 1.000 11.652
2 2.0 18 10 0.0309 0.887 23.416
3 1.5 20.5 15 0.0626 1.749 28.733
4 2.0 20.5 12.5 0.0504 1.646 16.176
5 2.0 20.5 12.5 0.0446 1.537 23.190
6 2.5 20.5 15 0.0569 2.013 7.692
7 2.0 20.5 12.5 0.0540 1.065 7.013
8 2.0 18 15 0.0392 0.454 18.439
9 2.0 20.5 12.5 0.0496 1.870 17.986
10 2.5 20.5 10 0.0573 1.733 16.968
11 2.0 23 15 0.0694 1.956 13.235
12 2.0 20.5 12.5 0.0531 1.553 14.367
13 1.5 23 12.5 0.0749 1.056 18.552
14 1.5 18 12.5 0.0446 1.443 15.045
15 2.0 23 10 0.0541 1.557 20.249
16 2.5 23 12.5 0.0566 1.727 19.231
17 1.5 20.5 10 0.0584 1.688 13.801

DPP-4: Dipeptidyl peptidase-4, GAE: Gallic acid equivalent

Table 4: ANOVA for response surface quadratic model

Source Sum of squares df Mean Square F-value p-value Prob >F
Model 1.820E-003 9 2.022E-004 9.74 0.0033
X, 1.217E-004 1 1.217E-004 5.86 0.0460
X, 9.385E-005 1 9.385E-005 4.52 0.0711
X, 1.295E-003 1 1.295E-003 62.38 <0.0001
X, X, 5.290E-006 1 5.290E-006 0.25 0.6293
X1X, 3.721E-005 1 3.721E-005 1.79 0.2225
X, X, 1.225E-005 1 1.225E-005 0.59 0.4676
X2 1.979E-004 1 1.979E-004 9.53 0.0176
X2 1.085E-005 1 1.085E-005 0.52 0.4933
X32 5.291E-005 1 5.291E-005 2.55 0.1545
Residual 1.454E-004 7 2.077E-005 - -

Lack of fit 9.085E-005 3 3.028E-005 2.22 0.2280
Pure error 5.451E-005 4 1.363E-005 - -

Cor. total 1.965E-003 16 - - -

Standard deviation=4.557E-003; Mean=0.05; C.V%=8.65
R?=0.8781; Adj R*=0.8309

ANOVA: Analysis of variance
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Statistical analysis

The experimental data were examined using multivariate regression
analysis. The regression model was obtained by a quadratic model in
terms of coded variables approximating the efficiency of the reactive
extraction process, which can be written as follows:

X=0.05-3.900E-003X,+3.425E-003,+0.013X,-1.150E-003X X,
-3.050E-003X ,X,+1.750E-003X,X,+6.855E-003X 2
+1.605 E-003X,2-3.545E-003X,?

The model was subjected to analysis of variance (ANOVA) as shown
in Table 4. The ANOVA showed that the model’s F-value was 9.74 and
its p-value was significant at 0.033 (p<0.05), with A, C, and A? being
significant model terms. The R? value was 0.926, which implied that
92.6% of the variation could be explained by this model. The F-value
for lack of fit (p>0.05) was 2.22, showing non-significant real error.
The significance of the F-value of 0.228 lack of fit with p>0.05 was
statistically non-significant.

The optimal conditions in this study were suggested based on the
results of RSM analysis using Design-Expert® v.10.0.03 software as
follows: Extraction time 15 min, [bmim]Br concentration 1.5 mol/l, and
solvent-to-sample ratio 23 mL/g.

CONCLUSION

According to suggestions from data analysis, the optimal conditions of
IL [bmim] Br-based MAE in trans-resveratrol extraction from melinjo
seeds from this experiment were as follows: Solvent concentration
[bmim] Br 1.5 M, solvent-to-sample ratio 23 mL/g, and extraction time
15 min. Meanwhile, the highest level was 1.9562 mgGAE/g melinjo
seed powder, whereas the highest percentage inhibition obtained was
28.73%.
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