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Abstract: Cinnamon bark (Cinnamonum burmannii) and sappan wood (Caesalpinia sappan) have been
reported to be beneficial for Type-2 Diabetes Mellitus (T2DM) and the combination is commonly used by
Indonesian herbal industries. In the present study, the simultaneous extraction of bioactive compounds
from both plants was conducted using natural deep eutectic solvent (NADES), their content
analyzed using high-performance liquid chromatography (HPLC), and their dipeptidyl peptidase
IV (DPP 1V) inhibitory activity evaluated. An additional in silico molecular docking analysis was
conducted to ensure their activity. The results showed that NADES (with a composition of choline
chloride—glycerol) extraction from cinnamon and sappan wood had DPP IV inhibitory activity of 205.0
and 1254.0 pg/mL, respectively. Brazilin as a marker substance from sappan wood was responsible
for the DPP IV inhibitory activity, while none of the marker substances chosen for cinnamon bark
(trans-cinnamaldehyde, coumarin, and trans-cinnamic acid) were found to have significant DPP
IV inhibitory activity. These results were confirmed by molecular docking conducted in brazilin,
trans-cinnamaldehyde, coumarin, and trans-cinnamic acid.

Keywords: Cinnamon bark; dipeptidyl peptidase IV; natural deep eutectic solvent; sappan wood;
ultrasonic-assisted extraction

1. Introduction

Diabetes, as a metabolic disease, is indicated by hyperglycemia resulting from defects in
insulin secretion, insulin action, or both. Type 2 Diabetes Mellitus (T2DM), as the most prevalent
type, is caused by both an insulin resistance and an inadequate compensatory insulin secretory
response [1]. Sulfonylureas, biguanides, meglitinide, thiazolidinedione (TZD), a-glucosidase inhibitors,
sodium—glucose cotransporter (SGLT2) inhibitors, and dipeptidyl peptidase IV (DPP 1V) inhibitors are
the dominant oral antidiabetic medications [2]. DPP IV inhibitors are superior for elderly and cardiac
disease patients compared with other drugs due to the low incidence of hypoglycemia [3].

DPP IV inhibitors include sitagliptin, saxagliptin, vildagliptin, linagliptin, and alogliptin.
The gliptins have in clinical trials, unfortunately, caused common adverse reactions, such as headache,
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nasopharyngitis, and upper respiratory tract infection [2]. The development of DPP IV inhibitors from
natural products is needed to obtain safer drugs. Several plants have been reported to be beneficial for
T2DM and are commonly used by Indonesian herbal industries. Cinnamon (Cinnamomum burmannii)
bark and sappan (Caesalpinia sappan) wood have been reported to have insulin-induced glucose uptake
enhancement in the sequence 98.0 + 15.8 and 161.1 + 19.9 mg/mL [4].

Some studies have revealed that sappan and cinnamon have beneficial effects on diabetes
mellitus [5,6]. Sappan wood works through the mechanism of a-glucosidase and DPP IV inhibition,
as well as inhibition of gluconeogenesis and hepatic glycolysis [5,7,8]; whereas cinnamon works through
the mechanism of activating glucose transporter type-4 (GLUT-4) and a-glucosidase inhibition [9,10].
However, in previous studies the extraction of sappan wood with green solvent using ionic liquid only
produced a small amount of yield (0.9%) [8]. In addition, the mechanism of action of anti-diabetic
cinnamon through the inhibition pathway DPP IV has not been disclosed.

To obtain beneficial effects from natural products, an extraction strategy is needed [11]. Based on
conventional solvents comparisons, the use of a natural deep eutectic solvent (NADES) has some
advantages: it is biodegradable, non-toxic, non-volatile, not frozen at low temperatures, has high
extraction ability, a relatively low price, and simple preparation [12,13]. Besides that, the use of the
ultrasonic-assisted extraction (UAE) method is one of the non-conventional extraction methods that can
extract target secondary metabolites with high reproducibility, shorter extraction times, and minimal
solvent use [14]. Some studies have reported the successful use of the UAE method in extracting
secondary metabolites from plants, including the extraction of phenols from sunflower [15] and black
locust (Robiniae presudoacaciae) [16], the extraction of polyphenols from wheatgrass (Triticum aestivum
L.) [17], the extraction of flavonoids from bamboo leaves [18], and caffeine and chlorogenic acid
extraction from coffee beans (Coffea arabica L.) [19].

In previous studies, optimum conditions were obtained in the extraction process of marker
compounds from cinnamon bark and sappan wood [20]. However, research has not been reported
related to simultaneous NADES-based UAE (NADES-UAE) of bioactive compounds from the
combination of cinnamon bark and sappan wood as DPP IV inhibitors. Therefore, this study
aims to determine the effect of using the NADES-UAE method simultaneously on the biomarker
compounds and their activity as DPP IV inhibitors in both single and combined forms.

2. Results and Discussions

2.1. Simultaneous NADES-UAE Process and Marker Compound Determination

In this study, the use of NADES -UAE was successful in extracting marker compounds contained
in the combination of cinnamon bark and sappan woods (1:1 w/w). NADES-based extracts contain
higher marker compounds compared with the conventional reflux method. In the cinnamon bark were
obtained trans-cinnamaldehyde and coumarin contents of 108.5 and 273.7 pg/mL (reflux) and 877.8
and 968.8 pg/mL (NADES-UAE), respectively, whereas in sappan woods was obtained brazilin content
of 62.3 pg/mL (reflux) and 628.4 pg/mL (NADES-UAE).

According to the resulting study (previously reported by Sakti et al. 2019), the optimum extraction
method for cinnamon bark and sappan wood was 20% v/v water content in NADES, a sample-NADES
ratio of 1:4 w/w, and a choline chloride—glycerol ratio of 2:1 wfw (Method 1) and 47.6% vfv water
content in NADES, a sample-NADES ratio of 2:1 w/w, and a choline chloride-glycerol ratio of 1:2 w/w
(Method ), respectively [20]. Furthermore, both methods were applied for the simultaneous extraction
of a combination of cinnamon bark and sappan woods at a ratio of 1: 1 w/w. The obtained extract
was determined by the marker compound content, as presented in Figure 1. NADES (with a choline
chloride—glycerol composition), compared with using water as a solvent, was able to extract the
content of marker compounds in these plant combinations (people use water as a solvent for daily use
traditionally).
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Figure 1. The ratio of compound content from extract solution using conventional solvent (H, O) and
natural deep eutectic solvent (NADES).

The results of the determination of the marker compound content showed that NADES-UAE was
better in extracting the marker compound from the sample combination compared with H,O-UAE.
There was a significant difference between the marker compound content in the NADES-UAE extract
and that in the H;O-UAE extract. In both methods, the trans-cinnamaldehyde and coumarin contents
in NADES extracts are three times greater than those in water extracts; while the brazilin content in
Method lis nine times greater than that in the water extract and in Method Il six times greater. The data
show that the choline chloride—glycerol-based NADES used has the potential to increase the content of
marker compounds extracted from the combination of cinnamon bark and sappan wood.

The determination of compound content was performed simultaneously using high-performance
liquid chromatography (HPLC). Figure 2 shows that the used gradient system successfully separates
the marker compounds contained in a combination of sappan wood and cinnamon bark. Based on
Figure 2, target marker compounds were detected in one chromatogram simultaneously including
brazilin (Rt = 7.665 min), coumarin (Rt = 16.786 min), and trans-cinnamaldehyde (Rt = 20.237 min).
In the determination of simultaneous contents, a combination was used of aqueous phases containing
acetic acid of 0.04% to 0.3% and acetonitrile. The used content determination method has excellent
precision and reproducibility. The precision of the determination method can be observed from the
relative standard deviation (coefficient of variation) generated by repeated sample testing.
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Figure 2. Chromatogram shows (A} a 100 pug/mL mixture of brazilin, coumarin, and frans-cinnamaldehyde
standard, and (B) an NADES extract combination of cinnamom bark and sappan wood.

2.2, In Vitro DPP 1V Inhibitory Activity Assay

DPP IV or CD26 (cluster of differentiation 26) is a specific proteolytic enzyme that cleaves
proline and alanine amino acid residues. One of its physiological functions is to promote
blood glucose homeostasis by degrading incretin hormones such as glucagon-like-peptide-1
(GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). In the case of type-2 diabetes
(uncontrolled elevation in postprandial glucose), those two hormones have a longer onset through
the inhibitor mechanism of DPP IV. Cayman’'s DPP IV Inhibitor Screening Assay provided a
convenient fluorescence-based method for screening (DPP-IV) by using the fluorogenic substrate
Gly-Pro-Aminomethylcoumarin (AMC). This assay was able to measure fluorescence from the free
AMC group which was released through the cleavage of peptide bond by DPP IV. The assay was
analyzed using an excitation wavelength of 350-360 nm and an emission wavelength of 450465 nm [21].

The test results of DPP IV inhibitory activity showed that all samples had a percent inhibition
above 50% (Figure 3); a retest was conducted in some different concentrations in order to obtain an
ICsq value (Table 1). The data showed that brazilin as a marker substance from sappan wood was
responsible for the DPP IV inhibition. Interestingly, all marker substances chosen for cinnamon barks
(trans-cinnamaldehyde, coumarin, and trans-cinnamic acid) were found to have no DPP IV inhibitory
activity. This result was confirmed by molecular docking conducted in brazilin, trans-cinnamaldehyde,
coumarin, and trans-cinnamic acid. However, the DPP IV inhibitory activity of the NADES extract
of cinnamon bark was more potent than that of the NADES extract of sappan wood. The ICs; value
showed that the NADES extract of cinnamon bark had 205.0 pug/mL, while the NADES extract of
sappan wood had 1254.0 pg/mL. Further investigation was needed to reveal the marker substance in
cinnamon responsible for DPP IV inhibitory activity.
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Figure 3. Dipeptidyl peptidase IV (DPP IV) Inhibitory Activity of extracts and standards.

Table 1. DPP IV ICx; of extracts and standards.

Extract or Standards ICs (ug/mL)

Cinnamon NADES 205.0

Sappan NADES 1254.0
Combined NADES Method-1 375

Combined NADES Method-2 353.6
Sappan Reflux 82.0
Brazilin 99

Sitagliptin 5x 107

The combined NADES extract of cinnamon bark and sappan wood in Method 1 (the extraction
method for maximizing brazilin) showed more potent DPP IV inhibitory activity than the combined
NADES extract of cinnamon bark and sappan wood in Method 2 (the extraction method for maximizing
trans-cinnamaldehyde and minimize coumarin), Table 1. Compared with a conventional extract,
the ethanolic reflux extract from sappan wood had a higher ICs; value than the NADES extract.
This result was due to the unavailability of a yield value determination from the NADES extract since
it was unable to evaporate. The calculation of the NADES extract’s [Cs) value was done through a
concentration percentage. Further investigation was needed for separation in the NADES extraction in
order to obtain an accurate yield value and concentration of extract. Thus, the yield value and the
concentration of the extract would be able to more accurately confirm the DPP IV inhibition potential
in the NADES extract. On the other hand, a IC5; value comparison could not be made in the cinnamon
bark extract since the ethanolic reflux extract only showed a DPP IV inhibitory activity of 19.7% (for
500 pg/mL).

2.3. In Silico Molecular Docking Study

Based on the incredible in vitro activity against DPP IV, a molecular docking study was conducted
to support the potency of its inhibition. The inhibition constant (CI) is a reverse equivalent to the
affinity of marker compounds against the enzyme. Therefore, marker compounds that had high DPP
IV inhibition activity would have a lower value of the inhibition constant. Brazilin was the marker
that had the highest affinity against DPP IV, so it was predicted to have the highest inhibitory activity
among all markers. This was based on the re-docking result of the native ligand demonstrating the
root square mean deviation (RSMD) value from the lower free binding energy AG of backbone atoms
and their interaction on the active site of the receptor. The RSMD value obtained was 0.448 A (<2 4)
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with a AG of -9.60 kcal/mol on 43 clusters run 100 times (Table 2), which indicates that the docking
results are valid.

Table 2. The docking results of sitagliptin and marker compounds from cinnamon bark and
sappan wood.

Ligand Compound AG (kcal/mol) Inhibition Constant Interaction
Argl25, Glu205, Glu206, Val207, Ser209, Phe357,
Sitagliptin =9.60 92.10 nM Arg358, Tyr547, Ser630, Tyr631, Valo56, Trp659,

Tyr662, Aspba3, Tyrobn, Asn710, Val711, His740
Glu205, Glu206, Ser209, Arg356, Phel57,

Brazilin 635 206 1M Arg358, Tyr666, Arg669, Tyr670
. Argl25, Tyr547, Serd30, Tyra31, Tyro62, Valabe,
Coumarin -546 99.97 uM Trp659, Tyr666, Asn710, Val711, His740
. ’ Arg125, Tyr547, Ser630, Tyr631, Val656, Trp659,
trans-Cinnamaldehyde 4.95 23703 uM Tyr662, Tyr666, Asn710, Val711, His740
i rans-Cinnamic acid 416 898.84 uM Argl25, Glu205, Tyr547, Ser630, Tyrd31, Valas6,

Trp659, Tyr662, Tyr666, Val711, His740

In line with the CI, the lower free binding energy or Gibbs energy (AG) would result in the more
stable interaction between ligand and macromolecule receptor. Two-dimensional (2D) visualization
of marker interaction can be seen in Figure 4. Marker compounds in cinnamon bark had lower total
hydrogen bonds on a DPP 1V active site compared with brazilin as a marker in sappan wood. Table 2
showed that the brazilin with AG values of —6.35 (with an inhibition constant of 22.06 uM) was lower
than other marker compounds. Besides, brazilin has the same interaction on the active site of the
macromolecule receptor as the native ligand interaction. These results were consistent with the in
vitro assay result.
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Figure 4. Ligand-Receptor Interaction: (A) Sitagliptin; (B) Brazilin; (C) Coumarin; (D) trans-cinnamaldehyde;
and (E) trans-cinnamic acid.

In protease enzymes of macromolecule receptors, such as DPP IV, the active sites are known as
subsites that are binding sites for the peptide substrate. The amino acid residue in the peptide substrate
was given a number based on the peptide cleavage point by the macromolecule enzyme. In DPP IV,
these were two cleavage points P1, P1" and P2, P2/, while the given name in the subsite was S1, 51
and S2, 52'. In DPP IV, the N-terminal from the peptide substrate will be familiar to Glu205, Glu206,
and Ser630 so that the cleavage will happen in the penultimate position of the N-terminus from the
peptide (P1). Besides subsite S1 and S2, subsite S2 extensive (S2 ext.) included Val207, Ser209, Phe357,
and Arg358. Several inhibitors that can be bonded in 52 ext. resulted in a stronger inhibitory effect, but
under normal conditions subsite S2 ext. cannot be bonded with the substrate. Strong hydrophobic
interactions at the S2 subsite are more crucial than the interactions at the S2 ext. subsite for an efficient
DPP IV inhibitor drug [22].

Astandard DPP IV inhibitor that works through the class Il inhibitory mechanism is the piperazine
group, such as sitagliptin and teneligliptin. The piperazine substituent in that inhibitor works as an
anchor lock domain in subsite 52 ext. In brazilin, the hydroxyl group in C1 and C8 as the anchor lock
domain binds with amino Arg358 and Ser209 from subsite 52 ext. Marker substances from dnnamon
bark, such as coumarin, trans-cinnamaldehyde, and trans-cinnamic acid, did not show significant
interaction with the subsite DPP IV. Even trans-cinnamic acid did not interact with subsite DPP IV;
therefore, trans-cinnamic acid did not compete with the substrate to be in subsite DPP IV. Further
investigation is needed to investigate whether the hydrogen bond between trans-cinnamic and amino
acid Glu527, Lys554, and Arg560 in DPP IV impacted upon DPP 1V activity.

Trans-cinnamaldehyde did not have a hydrogen bond with subsite DPP IV, but there was some
non-hydrogen interaction with subsites S1, 52, and S2’. Each group in an a-pyrone ring from coumarin
had a hydrogen bond with Tyr631 from subsite S1’ DPP IV. Non-hydrogen interaction also happened in
the amino acid from subsites S1, 51/, and 52’. Overall, the result from molecular docking showed that
brazilin, as the marker of sappan wood, was predicted to have DPP 1V inhibitory activity. In contrast,
other marker substances did not have significant DPP IV inhibitory activity.

3. Materials and Methods

3.1. Materials

The material samples used in this study include sappan wood (C. sappan L.) obtained from
Magelang in the Central Region of Java, and cinnamon bark (C. burmanii Blume) from Padang,
West Sumatera Indonesia. Both plants were authenticated at the Herbarium Bogoriense, Botanical
Gardens, Bogor, West Java, Indonesia. Choline chloride was purchased from Xi’am Rongsheng,
Hangzhou, China; glycerol was purchased from PT Molex Ayus, Tangerang, Indonesia; demineralized
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water and 96% v/v ethanol were purchased from Brataco, Bogor, Indonesia; methanol (HPLC grade),
acetonitrile (HPLC grade), glacial acetic acid, brazilin, coumarin, and trans-cinnamaldehyde standard
were purchased from Sigma Aldrich through PT. Elo Karsa Pratama, South Jakarta, Indonesia;
double-distilled water (ddH>O) was purchased from PT. Ikapharmmindo Putramas, East Jakarta,
Indonesia; and DPP 1V kits were purchased from Cayman Chemical, Ann Arbor, USA.

3.2. Equipment

High-performance liquid chromatography (Shimadzu LC-20AT, Japan), a microplate reader
(Glomax Promega, Madison, WI, USA), micropipettes (10-100 uL and 100-1000 uL) (Socorex,
Switzerland), micropore filter paper (0.45 pm) (Whatman, Marlborough, MA, USA), a rotary vacuum
evaporator (Rmavapmr® R-215, Buchi, Flawil, Switzerland), an ultrasonic bath (Krisbow, Jakarta,
Indonesia), digital scales (Vibra HT, Tokyo, Japan), a C18 column (4.6 mm X 150 mm with a pore
size of 10 nm) (Inertsil, Fukushima, Japan), a microsyringe (Hamilton, Reno, NV, USA), a centrifuge
(Hettich Zentrifugen, Tuttlingen, Germany), a syringe filter (Agilent, Santa Clara, CA, USA), a magnetic
stirrer (IKA® C-MAG HS 7, Wilmington, NC, USA), ChemOffice Pro v15.00 PerkinElmer, Discovery
Studio Visualizer, OpenBabel GUI, Phyton Molecular Viewer (PMV 1.5.6), and Autodock v4.2.6 and
AutodockTools (http://autodock.scrips.edu/).

3.3. Conventional and Non-Conventional Extraction Process

Reflux extraction was conducted using a conventional method to obtain comparative data for
NADES-based extraction. The reflux extraction method used 96% v/v ethanol (with a solid-to-liquid
ratio of 10 mL/g) at 80 °C for three cycles. The obtained filtrates were combined and then evaporated
using a rotary vacuum evaporator at 40 °C. The concentrated filtrates were collected and stored in a
refrigerator at 20 °C for use in further analysis.

NADES was prepared by mixing choline chloride with glycerol in a beaker glass covered with
parafilm using a magnetic stirrer at 80 °C with the speed of 900 rpm until the mixture turned into a
clear liquid solution [19]. The NADES extraction process was conducted by an ultrasonicator with a
power of 35 W and frequency of 42.000 Hz for 30 and 50 min for cinnamon bark and sappan wood,
respectively [20,23,24]. The powder samples were mixed with demineralized water and NADES.
The mixtures were then centrifuged for 10 min at 3.283 g to separate the NADES liquid extract from
the waste. The liquid solution was filtered using 0.45 pm Whatman micropore filter paper. The filtrate
was collected and stored in a refrigerator at 20 °C until further analysis.

3.4. Simultaneous NADES-UAE Process for Extraction of Marker Compounds front a Combination of Samples

The simultaneous NADES-UAE process was performed according to the previous study [20]; two
optimum extraction methods were obtained to extract marker compounds contained in sappan and
cinnamon using NADES with a choline chloride—glycerol composition. Both methods were used to
extract the target marker compound from a combination of sappan wood and cinnamon bark (1:1 w/w)
as presented in Table 3.

Table 3. NADES-based ultrasonic-assisted extraction (NADES-UAE) conditions for extraction of marker
compounds from the sappan wood and cinnamon bark combination.

Optimum Extraction Method and Choline Sample-NADES

Conditions Extraction Time Chloride-Glycerol Ratio Ratio Water Added

Method I (optimum

conditions for brazilin) UAE, for 50 min 2:1 wjw 1:2 wjw 47 57%
Method IT {optimum
conditions for UAE, for 30 min 21 wfw L8 wjw 20.00%

trans-cinnamaldeh yde and
coumarin)




Molecules 2020, 25, 3832 9of11

3.5. Analysis of Marker Compounds

Analysis of marker compounds was performed using high-performance liquid chromatography
(HPLC) based on a previous study [20], with 280 nm UV-Vis detection. Briefly, a total of 100 pL of
samples was dissolved in 80% v/v ethanol. The solution was homogenized with a shaker and filtered
using a 0.45 pm syringe filter. The sample solution was stored in a tightly closed vial protected from
light. A 20 pL sample solution was injected. The mobile phase was prepared including ddH,O
(containing 0.3% acetic acid) and acetonitrile (85.5:14.5 v/v) for sappan wood and ddH;0 (containing
0.04% acetic acid) and acetonitrile (40:60 v/v) for cinnamon bark with flow rate of 1.0 mL/min (an
isocratic system). Moreover, the mobile phase for the simultaneous analysis of the cinmamon bark
and sappan wood extract combination was prepared using an elution gradient consisting of water
containing acetic acid (A) and acetonitrile (B), as can be seen in Table 4.

Table 4. The elution gradient for the simultaneous analysis of the plant extract combination.

No Time (min) ddH,0 (Acetic Acid) Acetonitrile
1 0 84.5% (0.3%) 14.5%
2 8 74.5% (0.3%) 24.5%
3 16 50.0% (0.04%) 50.0%
4 24 40.0% (0.04%) 60.0%

3.6. In Vitro Dipeptidyl Peptidase IV Activity Assay

The Cayman DPP IV Inhibitor Screening Assay was used to measure the DPP IV inhibitor activity.
The fluorogenic substrate Gly-Pro-Aminomethylcoumarin (AMC) was determined using GloMax®
Discover GM 300 with an excitation wavelength of 360 nm and an emission wavelength of 460 [21,22,25].
All reagents were prepared based on the protocol from Cayman. The extracted sample (10 uL) was
mixed with 30 uL of buffer solution and 10 uL of the DPP IV enzyme. Sitagliptin was used as a positive
control inhibitor, and the enzyme solution without sample was used as a negative control inhibitor.
Subsequently, 50 uL of AMC substrate was added. The reaction was initiated after adding 50 pL of
substrate to a 96-well microplate and incubated at 37 °C for 30 min. Each test sample was analyzed in
triplicate. Percent inhibition was calculated using the following formula:

enzyme activity — inhibitor activity

% Relative Inhibition = ( x 100 (1)

enzyme activity
Moreover, the 1Csy was calculated using linear regression based on some different concentrations
of each sample.

3.7. In Silico Molecular Docking Analysis

In order to support the potency of its inhibition against DPP IV, an in silico molecular docking
analysis was performed using Autodock 4.2.6 based on its protocols [26,27]. The ligand structure
of markers was downloaded from https://zinc.docking.org, which were brazilin (ZINC00899553);
trans-cinnamaldehyde (ZINC13523661); coumarin (ZINC00074709); and trans-cinnamic acid
(ZINC16051516). The X-ray structure of DPP IV (PDB ID: 1 x 70) was downloaded from the
Protein Data Bank https://www.rcsb.org. A native ligand and a protein receptor were separated using
Phyton Molecular Viewer (PMV 1.5.6). Water molecules were eliminated and protonated from the
macromolecule complex; then, Gasteiger charges were added to each ligand atom. The native ligand
was re-docked to obtain the best docking on the protein’s binding site using a Lamarckian Genetic
Algorithm (LGA) based on the lowest free energy of binding or Gibbs energy (AG). The auto grid
program was applied to determine the position of a grid. The central grid of the native ligand was
placed using a box size of 52 A x 28 A x 26 A and a grid center of 40.926 A x 50.522 A x 35.031 A
with a spacing of 0.375 A. The in silico molecular docking simulation was performed using the
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Autodock 4.2.6 program with 100 runs; the docking results were visualized using Accelrys Discovery
Studio Visualizer 4.0 [28].

4. Conclusions

Choline chloride—glycerol-based NADES extraction from cinnamon bark and sappan wood
had a DPP IV inhibitory activity of 205.0 pg/mL and 1254.0 pg/mL, respectively. Brazilin as a
marker substance from sappan wood was responsible for the DPP 1V inhibition, but all marker
substances chosen for cinnamon bark (trans-cinnamaldehyde, coumarin, and trans-cinnamic acid) were
found to have no significant DPP 1V inhibitory activity. This result was confirmed by the in silico
molecular docking conducted in brazilin, trans-cinnamaldehyde, coumarin, and trans-cinnamic acid.
In addition, it seems interesting to further study the cinnamon bark extract to identify the active DPP
IV inhibiting component.

Author Contributions: Conceptualization, EC.5. and A.M.; methodology, FCS; software, I.A_; validation,
LA, FCS, and AM.; formal analysis, A.E.A.; investigation, A.E.A.; resources, A.5.5.; data curation, A.5.5.;
writing-original draft preparation, L.A.; writing-review and editing, A.E.A. and A.M,; visualization, A.S.5.;
supervision, EC.S.; project administration, I.A. and A.M.; funding acquisition, A.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was financially funded by the Ministry of Research and Technology/National Research
and Innovation Agency through Penelitian Tesis Magister Contract No: NKB-458/UN2.RST/HKP.05.00/2020.

Acknowledgments: This research was supported by Universitas Indonesia (Master’s Thesis Grant 2020).
The authors would like to thank the Faculty of Pharmacy, Universitas Indonesia, for laboratory equipment.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to
publish the results.

References

1.  American Diabetes Association. Classification and diagnosis of diabetes. Diabetes Care 2017, 40, S11-524.
[CrossRef]

2. Chaudhury, A.; Duvoor, C.; Dendi, V.5.R.; Kraleti, 5.; Chada, A.; Ravilla, R,; Marco, A.; Shekhawat, N.S.;
Montales, M.T.; Kuriakose, K.; et al. Clinical Review of Antidiabetic Drugs: Implications for Type 2 Diabetes
Mellitus Management. Front. Endocrinel. 2017, 8, 1-12. [CrossRef]

3. Tella, S.H, Rendell, M.S. DPP-4 inhibitors: Focus on safety. Expert Opin. Drug Saf. 2014, 14, 127-140.
[CrossRef]

4, Lahrita, L.; Kato, E.; Kawabata, ]. Uncovering potential of Indonesian medicinal plants on glucose uptake
enhancement and lipid suppression in 3T3-L1 adipocytes. J. Ethnopharmacel. 2015, 168, 229-236. [CrossRef]

5.  You, E.-],; Khil, L.-Y.; Kwak, W.-].; Won, H.-S.; Chae, S.-H.; Lee, B.-H.; Moon, C.-K. Effects of brazilin on the
production of fructose-2,6-bisphosphate in rat hepatocytes. |. Ethnopharmacol. 2005, 102, 53-57. [CrossRef]
[PubMed]

6. Ranasinghe, P; Galappatthy, P.; Constantine, G.R.; Jayawardena, R.; Weeratunga, H.D.; Premakumara, G.;
Katulanda, P. Cinnamomum zeylanicum (Ceylon cinnamon) as a potential pharmaceutical agent for type-2
diabetes mellitus: Study protocol for a randomized controlled trial. Trials 2017, 18, 1-8. [CrossRef] [PubMed]

7. Tulin, EK.C.B.; Loreto, M.T.P. Alpha-Glucosidase Inhibitory Activity and Fractionation of Bioactive
Compounds from bark Extracts of Sibucao (Caesalpinia sappan L.) In the Philippines. Pharmacogn. |.
2017, 9, 356-360. [CrossRef]

8. Setyaningsih, E.P; Saputri, EC.; Mun’lm, A. The Antidiabetic Effectivity of Indonesian Plants Extracts via
DPP-IV Inhibitory Mechanism. |. Young- Pharm. 2019, 11, 161-164. [CrossRef]

9, Kim, §.H.; Hyun, 5.H.; Choung, 5.Y. Anti-diabetic effect of cinnamon extract on blood glucose in db/db mice.
J. Ethnopharmacol. 2006, 104, 119-123. [CrossRef] [PubMed]

10. Cao, H.; Polansky, M.M.; Anderson, R.A. Cinnamon extract and polyphenols affect the expression of
tristetraprolin, insulin receptor, and glucose transporter 4 in mouse 3T3-L1 adipocytes. Arch. Biochem. Biophys.
2007, 459, 214-222. [CrossRef] [PubMed]




Molecules 2020, 25, 3832 11 of 11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

24,

26.

27.

28.

Zhang, Q.; Lin, L.; Ye, W. Techniques for extraction and isolation of natural products: A comprehensive
review. Chin. Med. 2018, 13, 20. [CrossRef] [PubMed]

Jeliniski, T.; Przybylek, M.; Cysewski, P. Natural Deep Eutectic Solvents as Agents for Improving Solubility,
Stability and Delivery of Curcumin. Pharm. Res. 2019, 36, 116. [CrossRef] [PubMed]

Liu, Y.; Friesen, |.B.; McAlpine, ].B.; Lankin, D.C.; Chen, S.-N.; Pauli, G.E Natural Deep Eutectic Solvents:
Properties, Applications, and Perspectives. | Nat. Prod. 2018, 81, 679-690. [CrossRef] [PubMed]

Chemat, F; Rombaut, N.; Sicaire, A.-G.; Meullemiestre, A.; Fabiano-Tixier, A.-S.; Abert-Vian, M. Ultrasound
assisted extraction of food and natural products. Mechanisms, techniques, combinations, protocols and
applications. A review. Ultrason. Sonochemistry 2017, 34, 540-560. [CrossRef] [PubMed]

Zardo, L; Sobezyk, A.D.E.; Marczak, L.D.F,; Sarkis, J.R. Optimization of Ultrasound Assisted Extraction
of Phenolic Compounds from Sunflower Seed Cake Using Response Surface Method ology. Waste Biomass
Valorization 2017, 10, 33—44. [CrossRef]

Savic-Gajic, 1L M.; Savic, LM,; Boskov, 1; fcrajié, S.; Markovic, L; Gajic, D. Optimization of Ultrasound-Assisted
Extraction of Phenolic Compounds from Black Locust (Robiniae pseudoacaciac) Flowers and Comparison with
Conventional Methods. Antioxidants 2019, 8, 248. [CrossRef] [PubMed]

Savic, L.M.; Gajic, LM.S. Optimization of ultrasound-assisted extraction of polyphenols from wheatgrass
(Triticum aestivum L.). [. Food Sci. Technol. 2020, 57, 2809-2818. [CrossRef]

Wang, L.; Bai, M.; Qin, Y;; Liu, B.; Wang, Y.; Zhou, Y. Application of Ionic Liquid-Based Ultrasonic-Assisted
Extraction of Flavonoids from Bamboo Leaves. Molecules 2018, 23, 2309. [CrossRef]

Ahmad, L; Pertiwi, A.S.; Kembaren, Y.H.; Rahman, A.; Mun’im, A. Application of natural deep eutectic
solvent-based ultrasonic assisted extraction of total polyphenolic and caffeine content from coffe beans
(Coffea Beans L.) for instant food products. [. Appl. Pharm. Sci. 2018, 81, 38-43.

Sakti, AS.; Saputri, EC.; Mun’Im, A. Optimization of choline chloride-glycerol based natural deep eutectic
solvent for extraction bioactive substances from Cinmmmomum burmannii barks and Caesalpinia sappan
heartwoods. Heliyon 2019, 5, €02915. [CrossRef]

Cayman Chemical Company. DPP (IV) Inhibitor Screening Assay Kit; Cayman Chemical Company: Ann
Arbor, M1, USA, 2017.

Arulmozhiraja, S.; Matsuo, N; Ishitsubo, E.; Okazaki, S.; Shimano, H.; Tokiwa, H. Comparative Binding
Analysis of Dipeptidyl Peptidase IV (DPP-4) with Antidiabetic Drugs — An Ab Initio Fragment Molecular
Orbital Study. PLoS ONE 2016, 11, e0166275. [CrossRef] [PubMed]

Aryati, W.D.; Nadhira, A.; Febianli, D.; Fransisca, F; Mun'Im, A. Natural deep eutectic solvents
ultrasound-assisted extraction (NADES-UAE) of trans-cinnamaldehyde and coumarin from cinnamon
bark [Cinnanonum burmannii (Nees T. Nees) Blume). . Res. Pharn. 2020, 24, 389-398. [CrossRef]
Setiawan, H.; Angela, LL.; Wijaya, O.; Mun'Im, A. Application of Natural Deep Eutectic Solvents (NADES)
for Sappan Wood (Caesalpinia sappan L.) Extraction to Test for Inhibition of DPP IV Activity. . Res. Pharn.
2020, 24, 380-388. [CrossRef]

Matheeussen, V.; Jungraithmayr, W.; De Meester, I. Dipeptidyl peptidase 4 as a therapeutic target in
ischemia/reperfusion injury. Pharmacol. Ther. 2012, 136, 267-282. [CrossRef] [PubMed]

Wang, L.; Wu, Y.; Deng, Y.; Kim, B.; Pierce, L.; Krilov, G.; Lupyan, D.; Robinson, S.; Dahlgren, M.K.;
Greenwood, J.; et al. Accurate and Reliable Prediction of Relative Ligand Binding Potency in Prospective
Drug Discovery by Way of a Modern Free-Energy Calculation Protocol and Force Field. J. Am. Chem. Soc.
2015, 137, 2695-2703. [CrossRef] [PubMed]

Morris, G.M.; Huey, R.; Lindstrom, W.; Sanner, M.E; Belew, R.K;; Goodsell, D.S.; Olson, A.]. AutoDock4 and
AutoDockTools4: Automated docking with selective receptor flexibility. |. Comput. Chem. 2009, 30, 2785-2791.
[CrossRef] [PubMed]

BIOVA DS. Discovery Studio Visualizer; BIOVA: San Diego, CA, USA, 2020.

Sample Availability: Samples of the compounds are not available from the authors.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




Simultaneous Natural Deep Eutectic Solvent-Based Ultrasonic-
Assisted Extraction of Bioactive Compounds of Cinnamon Bark
and Sappan Wood as a Dipeptidyl Peptidase IV Inhibitor

ORIGINALITY REPORT

16.. 11. 11+ 5.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
www.mdpi.com 30
Internet Source A)
Submitted to Taibah University 20
Student Paper /o
mafiadoc.com 1 .
Internet Source A'J
muir.massey.ac.nz 1 .
Internet Source /0
Fiorella Meneghetti, Patrizia Ferraboschi, Paride 1 o
(0]

Grisenti, Shahrzad Reza Elahi, Matteo Mori,
Samuele Ciceri. "Crystallographic and NMR
Investigation of Ergometrine and
Methylergometrine, Two Alkaloids from
Claviceps Purpurea", Molecules, 2020

Publication

www.thieme-connect.de
<1 %

Internet Source




notdeaddiabetic.com
Internet Source <1 %
www.japsonline.com
B Internet SJouIr:():e <1 %
n Yang Liu, J. Brent Friesen, James B. McAlpine, <1 y
David C. Lankin, Shao-Nong Chen, Guido F. °
Pauli. "Natural Deep Eutectic Solvents:
Properties, Applications, and Perspectives”,
Journal of Natural Products, 2018
Publication
Submitted to Universita deqgli Studi di Milano
Student Paper g <1 %
Evandro Leite de Souza, Erika Tayse da Cruz <1 o
Almeida, Jossana Pereira de Sousa Guedes. °
"Emerging Nonchemical Potential Antimicrobials
for Beverage Preservation", Elsevier BV, 2019
Publication
Marianna Noale, Caterina Trevisan, Stefania <1 o
Maggi, Raffaele Antonelli Incalzi et al. "The °
Association between Influenza and
Pneumococcal Vaccinations and SARS-Cov-2
Infection: Data from the EPICOVID19 Web-
Based Survey", Vaccines, 2020
Publication
Submitted to Chulalongkorn Universit
Student Paper g y <1 %




14

Sara Albarella, Emanuele D’Anza, Giacomo <1 o
Galdiero, Luigi Esposito et al. "Cytogenetic °
Analyses in Ewes with Congenital Abnormalities

of the Genital Apparatus”, Animals, 2019

Publication

aruda.ristekbrin.qgo.id
garu | g <1 0,

Internet Source

Anju Choorakottayil Pushkaran, Vivek Vinod, <1 o
Muralidharan Vanuopadath, Sudarslal °
Sadasivan Nair et al. "Combination of

Repurposed Drug Diosmin with Amoxicillin-

Clavulanic acid Causes Synergistic Inhibition of
Mycobacterial Growth", Scientific Reports, 2019

Publication

Rezaie, Mitra, Reza Farhoosh, Mehrdad <1 o
Iranshahi, Ali Sharif, and Shiva °
Golmohamadzadeh. "Ultrasonic-assisted

extraction of antioxidative compounds from

Bene (Pistacia atlantica subsp. mutica) hull

using various solvents of different

physicochemical properties”, Food Chemistry,

2015.

Publication

res.mdpi.com <1 o,

Internet Source

mdpi.com <1 o,

Internet Source




nopr.niscair.res.in

20 Internet Source < 1 %
21 Shobha Sondhia. "Persistence of Metsulfuron- <1 o
Methyl in Paddy Field and Detection of Its °
Residues in Crop Produce", Bulletin of
Environmental Contamination and Toxicology,
07/16/2009
Publication
WWWw.jesc.ac.cn
Internet SJource <1 %
ubs.rsc.or
IEternet Source g <1 %
Islamudin Ahmad, Arry Yanuar, Kamarza Mulia, <1 y
Abdul Mun'im. "Optimization of ionic liquid- °
based microwave-assisted extraction of
polyphenolic content from Peperomia pellucida
(L) kunth using response surface methodology",
Asian Pacific Journal of Tropical Biomedicine,
2017
Publication
Diego Ros Niguez, Pegah Khazaeli, Diego <1 o

Alonso, Gabriela Guillena. "Deep Eutectic
Mixtures as Reaction Media for the
Enantioselective Organocatalyzed a-Amination
of 1,3-Dicarbonyl Compounds”, Catalysts, 2018

Publication




onlinelibrary.wiley.com
Internet Source ry y <1 %
www.ehd.or
Internet Source g <1 %
Rituparna Borah, Narsimha Mamidi, Subhankar <1 o
Panda, Sukhamoy Gorai, Suraj Kumar Pathak, °
Debasis Manna. "Elucidating the interaction of
v-hydroxymethyl-y-butyrolactone substituents
with model membranes and protein kinase C—
C1 domains", Molecular BioSystems, 2015
Publication
repository.dl.itc.u-tokyo.ac.|
InteE:]et Sourcey y Jp <1 %
Christian H. Grun, Ferdi A. van Dorsten, Doris <1 o
M. Jacobs, Marie Le Belleguic et al. "GC-MS °
methods for metabolic profiling of microbial
fermentation products of dietary polyphenols in
human and in vitro intervention studies”, Journal
of Chromatography B, 2008
Publication
academic.oup.com
Internet Source p <1 %
Lucienne Juillerat-Jeanneret. "Dipeptidyl <1 o

Peptidase IV and Its Inhibitors: Therapeutics for
Type 2 Diabetes and What Else?", Journal of
Medicinal Chemistry, 2013



Publication

etheses.bham.ac.uk
Internet Source <1 %
M Salaga, A Binienda, P Draczkowski, P <1 o
Kosson, R Kordek, K Jozwiak, J Fichna. "Novel °
peptide inhibitor of dipeptidyl peptidase IV (Tyr-
Pro-D-Ala-NH2) with anti-inflammatory activity in
the mouse models of colitis", Peptides, 2018
Publication
Fukushima, H.. "Synthesis and structure-activity 1
shi <1
relationships of potent 4-fluoro-2-
cyanopyrrolidine dipeptidyl peptidase IV
inhibitors", Bioorganic & Medicinal Chemistry,
20080401
Publication
Patricia Gullon, Beatriz Gullon, Abel Muniz- <1 o
Mouro, Thelmo A. Lu-Chau, Gemma Eibes. °
"Valorization of horse chestnut burs to produce
simultaneously valuable compounds under a
green integrated biorefinery approach”, Science
of The Total Environment, 2020
Publication
"Posters", Diabetic Medicine, 12/2006
Publication <1 %
38 Abe, M.. "Synthesis and biological activity of <1 o

sulphostin analogues, novel dipeptidyl peptidase



IV inhibitors", Bioorganic & Medicinal Chemistry,
20050201

Publication

Elsa Trinovita, Fadlina Chany Saputri, Abdul <1 o
Mun’im. "Potential Gastroprotective Activity of °
Rice Bran (Oryza sativa L.) Extracted by lonic
Liquid-Microwave-Assisted Extraction against
Ethanol-Induced Acute Gastric Ulcers in Rat

Model", Scientia Pharmaceutica, 2018

Publication

Emma L. Smith, Andrew P. Abbott, Karl S. <1 o
Ryder. "Deep Eutectic Solvents (DESs) and °
Their Applications”, Chemical Reviews, 2014
Publication

Lucy Lahrita, Eisuke Kato, Jun Kawabata. <1 o

"Uncovering potential of Indonesian medicinal
plants on glucose uptake enhancement and lipid
suppression in 3T3-L1 adipocytes”, Journal of
Ethnopharmacology, 2015

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography On



Simultaneous Natural Deep Eutectic Solvent-Based Ultrasonic-
Assisted Extraction of Bioactive Compounds of Cinnamon Bark
and Sappan Wood as a Dipeptidyl Peptidase IV Inhibitor

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11




	Simultaneous Natural Deep Eutectic Solvent-Based Ultrasonic-Assisted Extraction of Bioactive Compounds of Cinnamon Bark and Sappan Wood as a Dipeptidyl Peptidase IV Inhibitor
	by Islamudin Ahmad

	Simultaneous Natural Deep Eutectic Solvent-Based Ultrasonic-Assisted Extraction of Bioactive Compounds of Cinnamon Bark and Sappan Wood as a Dipeptidyl Peptidase IV Inhibitor
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Simultaneous Natural Deep Eutectic Solvent-Based Ultrasonic-Assisted Extraction of Bioactive Compounds of Cinnamon Bark and Sappan Wood as a Dipeptidyl Peptidase IV Inhibitor
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




