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Abstract

The present research was designed to explore the antioxidant activity and DPP-IV inhibition of secondary metabolites from
Diospyros foxworthyi (foxworthyi ebony) leaf, bark, fruit and seed as well as antidiabetic and antioxidant agents. The sample
was extracted in methanol using ultrasound-assisted extraction. It was used to study the extraction yield, Total Phenolic
Content (TPC), Total Flavonoid Content (TFC), antioxidant activity and Dipeptidyl Peptidase-IV (DPP-IV) inhibition assay
by microplate reader. The % yields of the leaf, bark, fruit and seed were 11%, 15.24%, 22.08% and 50.92%, respectively.
Phytochemical screening results showed that the stem bark contained all test compounds (phenolic, alkaloid, tannin, saponin,
terpenoid and anthraquinone). These showed TPC of the leaf, bark, fruit and seed were 41.01 mg/g extract, 54.38 mg/g extract,
51.99 mg/g and 64.83 mg/g of the extracts, respectively. TFC was 8.40 mg/g, 3.77 mg/g, 4.70 mg/g and 2.38 mg/g extract,
respectively. The ICso values for antioxidant activity using the o, a-diphenyl-B-picrylhydrazyl (DPPH) free radical scavenging
method were 12.10 ug/mL, 5.32 ug/mL, 7.81 ug/mL and 5.86 ug/mL, respectively. The Ferric Reduction Antioxidant Power
(FRAP) method was 1.74 FeSOa/g, 4.09 FeSO4/g, 1.91 FeSO4/g and 2.56 g FeSO4/g extract. The % inhibition values of the
DPP-IV enzyme for the leaf, bark, fruit, and seed samples were 29.70%, 29.39%, 32.71% and 32.46%, respectively. The test
results suggest that the bark and seed of D. foxworthyi hold potential for development as a treatment for diabetes mellitus, due
to its antioxidant activities and DPP-IV inhibitory.
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Introduction al. 2023). Phenolic compounds of Diospyros Celebica leaf

(black ebony) showed the highest inhibition to the alpha-

Indonesia is known for its biodiversity of wild flora,
including numerous traditional medicinal species used by
local communities (Buu et al 2023). Indonesia is
considered to be part of the richest sources of flora and
fauna, as it also possesses a large amount of ethnomedicinal
data on plant-based diabetes, hence the potential for further
research, especially for the development of new medicine
(Arifah et al. 2022). In Indonesia, they have used the leaf
and bark of Ebenaceae in traditional diabetic healing
(Ribeiro et al. 2023). The antidiabetic activity from
Diospyros malabarica bark (Indian persimmon) at 100
ug/mL  was identified wusing alpha-amylase enzyme
inhibition method (Zreen et al. 2022). The root bark of
Diospyros melanoxylon (coromandel ebony) has o-amylase
inhibitory activity, with an ICso value of 30 xM (Durgam et

glucosidase enzyme, with an ICso value of 14.90 ug/mL
(Apriandini ef al. 2023).

Diospyros foxworthyi (foxworthyi ebony) is a species
of Diospyros from Indonesia. The compounds betulin
(6.34%), lupeol (2.20%) and lupenone (0.33%) were
detected in D. foxworthyi (Solehin et al. 2022). An inhibitory
solid activity of Betulin has been reported on another plant
D. malabarica, against alpha-amylase enzyme (Nargund et
al. 2019). The present study suggests that D. foxworthyi has
the potential to be used as an antidiabetic agent.

There are still rather few publications with D.
foxworthyi. Nevertheless, supportive data on the compound
content in D. foxworthyi leaf, which exhibits antidiabetic
activity, offers a strong foundation to pursue additional
investigations. This study will explore the phytochemical
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compound content of D. foxworthyi plant parts to obtain the
best antidiabetic activity. The method of testing antidiabetic
activity was carried out using the dipeptidyl peptidase (DPP-
IV) enzyme inhibition method to get the latest antidiabetic
point of view. The principle of antidiabetic activity with
DPP-IV enzyme inhibition is by inhibiting the DPP-IV
enzyme to reduce incretin hormones (GLP-1 and GIP) so
that insulin secretion will continue with the activation of
specific receptors on pancreatic beta cells (Amin et al. 2019).
The antioxidant activity (DPPH and FRAP method) of D.
foxworthyi plant parts was also explored to support the
antidiabetic activity to be studied. Antioxidants can help
reduce oxidative stress, improve endothelial function and
increase insulin sensitivity (Jeffrey ef al. 2021). Combining
anti-diabetic medications with antioxidants will help improve
glycaemic control and reduce oxidative stress in diabetic
patients (Krawczyk et al. 2023).

Materials and Methods
Experimental details and treatments

Plant material: The leaf, bark, fruit and seed of Diospyros
foxworthyi were collected from the KST BJ Habibie
Research  Center for Science and Technology
(PUSPIPTEK) BRIN in Serpong, Banten, Indonesia. The
authenticity of the plant was confirmed by determination
data from the Traditional Medicine Raw Material
Standardization Laboratory in Tawangmangu, Central Java,
Indonesia (Sample No: 6449-152648-1). Then, samples
were cleaned and dried at 35°C, ground into a fine powder,
and sieved through 80 meshes. The powdered simplicia was
kept in a desiccator at a constant temperature of 16°C until
used for extraction.

Chemical: Methanol, sodium carbonate (Merck, Germany),
quercetin, gallic acid, Folin-Ciocalteu reagent, DPPH, Gly-
Pro-p-Nitroanilide, Trizma base, DPP-IV enzyme (Sigma-
Aldrich, USA), aluminum chloride, sodium acetate buffer
pH 3.6, HCI 40 mmol/L, 2.,4,6-tripyridyl-s-triazine, iron (III)
chloride hexahydrate, iron (II) sulfate heptahydrate, water
for injection and sitagliptin (Wako Pure Chemical Industries
Ltd., Japan).

Extraction

The Ultrasound-Assisted Extraction (UAE) technique,
adapted from (Solehin et al. 2022) was used to perform the
extraction. For each sample, 25 g of powdered leaf and bark
were combined with methanol at 1:10 (g/mL) between the
sample and the solvent. UAE was used for the extraction,
which took place for 30 min at 40°C. For replication, the
extraction was carried out three times (Khoshsima et al.
2023). The extract was passed through a vacuum rotary
evaporator set to 40°C to evaporate it. The extract was dried
using an evaporator. The yield was calculated and presented
as a percentage.

Phytochemical screening

Phytochemical screening was carried out on the leaf, bark, fruit,
and seeds of D. foxworthyi. Identification of phytochemical
compounds follows the method of Ditjen (1995).

Alkaloids compounds

A total of 50 mg of the sample and 50 mg of Polyscias
scutellaria (shield aralia) as apositive control were each
added to 1 mL of 2 N HCl and 9 mL of distilled water. The
solution was heated for 2 minutes, the filtrate formed was
filtered. Filtrate in volume 1 mL was reacted with 2 drops of
bouchardat reagent. The formation of a brown or black
precipitate characterizes positive results.

Phenolic compounds

A total of 50 mg of the sample and 50 mg of gallic acid
(positive control) were each added to 3 drops of 1% iron
trichloride. The formation of a solid green or black color
characterizes positive results.

Tannin compounds

A total of 50 mg of the sample and 50 mg of Psidium
guajava L. extract (guava), used as a positive control, were
each dissolved in 15 mL of hot water. The solution was then
filtered. To 1 mL of the filtrate, two drops of 3% FeCls
reagent were added. The development of a violet-green
color indicates a positive result.

Saponin compounds

A total of 50 mg of the sample and 50 mg of P. scutellaria
extract (positive control) were each dissolved in 10 mL of
hot water. The solution was shaken for 5 s. Positive results
were characterized by the formation of foam that persisted
after adding one drop of HC1 2 N.

Terpenoid compounds

A total of 50 mg of the sample and 50 mg of beta-sitosterol
(positive control) were each dissolved in 15 mL of ethyl
acetate. Lieberman burchard reagent was added to the
solution. Positive results were characterized by the
formation of a reddish color at the beginning and became
greenish after a few minutes.

Anthraquinone compounds

A total of 50 mg of the sample and 50 mg of Rheum
rhabarbarum extract (rthubarb) as positive control were
each dissolved in 5 mL of 2 N sulfuric acid. The solution
was heated, and 10 mL of benzene was added. The solution
was shaken and allowed to stand until 2 layers were formed.
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Positive control was. Positive results were characterized by
forming a reddish water layer and clear benzene.

Determination of total phenolic content (TPC)

The determination of TPC refers to the study from
(Desmiaty and Elya 2021). Twenty microliters of each
calibration solution of gallic acid (concentrations 4, 6, 8, 10,
12 and 14 pg/mL) and each sample (200 ug/mL) were
added to the 96-well plate. Each gallic acid and sample was
added to 80 uL of sodium carbonate (100 g/L) and 100 uL
of 25% Folin—Ciocalteu solution. A control solution
containing 20 uL extract was mixed with distilled water to a
volume of 200 L. The incubation time was 2 h at 25°C; all
experiments were performed in triplicate. Absorbance was
read at the 760 nm wavelength. The total phenolic content
on all samples was calculated by plotting on the linear
regression curve of gallic acid and expressed as mg of gallic
acid using the formula below:

Total Phenolic Content (mg/g) =

(concentration (ug/mL) x total volume of extract (mL))

weight of the sample (g) x Dilution factor
Determination of total flavonoid content (TFC)

A colorimetric assay was used to determine the TFC by the
methodology outlined by (Desmiaty and Elya 2021). Twenty
microliters of each calibration solution of quercetin
(concentrations 30, 40, 50, 60, 70 and 80 ug/mL) and each
sample (500 ug/mL leaf extract, 20.000 ug/mL bark, fruit,
and seed extract) were added to the 96-well plate. Each
quercetin and extract sample was added to 20 uL of 10%, b/v
aluminum chloride and 20 uL of 1 M sodium acetate then
added with aquadest up to a volume of 200 uL. A control
solution containing 20 uL samples mixed with aquadest up
to a volume of 200 xL. The mixture was incubated for 30
min at room temperature. Samples were prepared in triplicate
for each analysis. The absorbance was determined with a
microplate reader at 430 nm in wavelength. The total
flavonoid content on all samples was calculated by plotting
on the linear regression curve of quercetin and expressed as
mg of quercetin using the formula below:

Total Flavonoid content (mg/g) =

concentration (ug/mL) x volume of extract (mL)

weight of the sample (g) x Faktor Dilution factor
DPPH antioxidant activity assay

Antioxidant activity analysis prepared by (Bobo-Garcia et
al. 2015). 20 uL extract sample (concentration 2 to 16
#L/mL) and quercetin as a positive control (concentration 1,
2, 3, 3.5 and 3.75 uL/mL) were mixed with 180 uL
methanol DPPH 150 uM in a 96-well plate then shaken for
60 s for homogenization. The solution was incubated at
room temperature in dark conditions for over 40 min.
The absorbance was read at 515 nm. The antioxidant

activity study was conducted in triplicate. Antioxidant
activities were expressed in terms of % scavenging activity
and ICso value.

o eae Blank absorbance—Sample absorbance
% Inhibition = P
Blank absorbance x 100%

ICso value (50% inhibition) = (50-a)/b

FRAP antioxidant activity assay

The assay for FRAP antioxidant activity refers to the study
by Pereira et al. (2017) with some adaptations. A 30 uL
extract sample (leaf concentration: 2.5 uL/mL, bark: 1
HL/mL, fruit: 2.5 ul/mL, and seed: 2 uL/mL) and quercetin
as a positive control (0.5 uL/mL) were mixed with 270 uL
of FRAP II Reagent (a solution of acetate buffer, 10
mmol/L. Tris Pyridyl Triazine, and 20 mmol/L iron (III)
chloride hexahydrate in a 10:1:1 ratio). The mixture was
incubated for 5 min, and absorbance was measured at 595
nm. The blank contained a mixture of 30 uL of methanol
pro analysis and 270 uL. FRAP II reagent. Samples were
prepared in triplicate for each analysis.

The standard curve solution of iron (II) sulfate
heptahydrate (concentrations 7.19; 14.39; 21.58, 28.77,
35.97 and 43.16 uM) was pipetted as much as 30 L and
then FRAP I reagent (acetate buffer pH 3.6, 10 mmol/L Tris
Pyridyl Triazine and aquadest in a ratio of 10:1:1) was
added as much as 270 uL. The FRAP antioxidants activity
on all samples was calculated by plotting on the linear
regression curve of iron (II) sulfate heptahydrate and
expressed as umol/g sample using the formula below:

FRAP (,umol/g sample) _CxVx dilution factor

w

Where C is the concentration of Fe2SOs-7H20
standard equivalent to the sample (1M), V is the volume of
the sample (mL), and w is the weight of the sample (mg).

Dipeptidyl peptidase enzyme inhibition activity assay

The activity test for DPP-IV inhibition was performed using
a microplate 96-well method, as described previously by
Elya et al. (2015). The preparation consists of a sample,
sample control, blank, and blank control. To prepare the
sample, a weighed amount of the sample was dissolved in
Tris HCI buffer (pH 7.5) to create a solution with five
concentration series within the valid range. Test samples (35
HL each) were mixed with 15 4L DPP-IV enzyme and
incubated at 37°C for 10 min. After incubation was over, 50
1L of GPPN substrate 1.2 mM was added and incubated for
30 minutes. To stop the reaction, 25 4L of 30% glacial acetic
acid was added. To prepare the sample control, use the same
procedure as the sample preparation but without the addition
of the DPP-IV enzyme. To prepare the blank, use the same
procedure as the sample preparation but without a sample
solution. The blank control was prepared using the same
procedure as the blank solution but without adding the DPP-
IV enzyme. Each series of sample concentrations was made
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in three replications. The solution was then assayed for
absorbance at 405 nm. Calculation of ICso using the
regression equation (y = ax + b) the following formula:

% Inhibition =

(blank absorbance—blank control absorbance)—( sample absorbance—sample control absorbance))>< 100
blank absorbance—blank control absorbance

Statistical Analysis

Data from TPC, TFC, DPPH, FRAP and DPP-IV antidiabetic
activity were analyzed to obtain standard deviation data. The
correlation of data from each test variable was analyzed using
Pearson correlation with Minitab version 22.

Results
Extraction results and yield

Fresh leaf, bark, fruit and seed simplicia of D. foxworthyi in
the collection (Fig. 1) were extracted using UAE. The seed
sample had the highest dry extract yield of 50.92%. The leaf
sample yielded the least amount 11.00% (Table 1).

Phytochemical screening

The results of phytochemical screening are presented in Table
2. The results of phytochemical screening showed that D.
foxworthyi leaf extract was positive for phenolic compounds,
tannins, and terpenoids. D. foxworthyi stem bark extract was
positive for containing all the indicated compounds, namely
alkaloid, phenolic, tannin saponin, terpenoid, and
anthraquinone compounds. D. foxworthyi fruit extract was
positive for phenolic compounds, tannins, terpenoids and
anthraquinones. D. foxworthyi seed extract was positive for
alkaloid, phenolic, tannin, and terpenoid compounds.

Total phenolic and flavonoid content

The total phenolic and flavonoid content from D. foxworthyi
leaf bark, fruit, and seed extracts was determined in a
microplate reader 96 well using a gallic acid standard curve
for phenol content and a quercetin standard curve for
flavonoid content (Fig. 2). The highest phenolic content in
the seed sample was at 64.832 + 1.085 mg/g extract, while
the lowest was in the leaf sample, at 41.010 = 0.486 mg/g
extract. The best TFC results were found in the leaf sample,
at 8.400 + 0.207 mg/g and the lowest in the seed sample, at
2.381 + 0.037 mg/g (Fig. 3). The results indicate that each
part of the plant's total phenolic and flavonoid content is
inversely related.

DPPH antioxidant activity

The DPPH antioxidant capacity test revealed that percent
inhibition is very high (below 50 xg/mL) for all plant parts
of D. foxworthyi ones. Altogether, bark extract showed the
highest antioxidant activity (IC50: 5.32 ug/mL). Positive
control sample DPPH test results: 1.77 ug/mL (Table 3).

Table 1: Yield Data

Plant Parts  Simplicia Weight (g)  Extract Weight (g)  Yields (%)
Leaf 25.00 275 11.00
Bark 25.00 3.81 15.24
Fruit 25.00 5.52 22.08
Seed 25.00 12.73 50.92
k|

Fig. 1: Diospyros foxworthyi, (a) Diospyros foxworthyi tree; (b)
bark; (c) leaf; (d) fruit; (e) seed
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Fig. 2: Standard calibration curve, (a) Gallic acid for total phenol
content; (b) Quercetion for total flavonoid content
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Fig. 3: Total phenolic content (TPC) and total flavonoid
content (TFC) (data from D. foxworthyi leaf, bark, fruits and
seed.
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Table 2: Phytochemical Screening

Secondary Plant Result Figure
Metabolites Parts Sample  Negative  Positive
Control Control
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Fig. 4: FRAP Standard calibration curve

FRAP antioxidant activity

FRAP methods for the antioxidant activity test were
performed by measuring the sample concentration that gave
an absorbance equal to the FeSOs solution using the linear
regression equation curve of a Fe(Il) standard calibration
plot, as previously described in the solution based on the
FRAP linear regression equation curve (Fig. 4). The highest
antioxidant activity was shown by bark extract, with a value
of 14.71 mmol FeSO4/g (Table 4). Similar to the DPPH
method, the results indicated that the bark had the highest
antioxidant activity.

Dipeptidylpeptidase-IV enzyme inhibitory activity

The DPP-IV inhibitory uses Sitagliptin as the positive
control with ICso 0.12 pg/mL (Table 5). The percent
inhibition value of each plant part was calculated in a
concentration of 140 ug/mL, which is presented in Table 6.
The best percent inhibition was shown by D. foxworthyi
fruit extract with a percent inhibition of 32.71% at a
concentration of 140 ug/mL. The percent inhibition of leaf,
stem bark, and seed extracts at the same concentration (140
ug/mlL) were 29.70%, 29.39% and 32.46%, respectively.
The results of antioxidant activity tests (DPPH and FRAP)
did not show correlation with inhibitory DPP-IV enzyme, as
observed in the above test outcomes.

Correlation between TPC, TFC, antioxidant and DPP-
IV inhibition activity of leaf, Bark, Fruit and Seed

Pearson correlation analysis was measured for TPC, TFC,
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Table 3: DPPH Antioxidant Activity

Sample Concentration Mean % DPPH Scavenging SD R2 ICso (ug/mL) Standard Deviation
Quercetin 1 19.54 0.9916 1.77 1.69
2 45.16 1.47
3 74.86 1.08
35 84.68 1.25
3,75 86.62 0.20
Leaf 6 24.64 0.9784 12.10 0.32
8 34.67 2.87
12 53.15 0.69
14 57.61 0.32
16 62.53 1.16
Bark 2 27.68 0.9964 5.32 1.25
3 35.71 0.74
5 47.57 0.67
6 55.48 1.87
7 60.38 1.11
Fruit 5 30.20 0.9901 7.81 0.56
6 34.81 0.34
7 42.27 0.60
8 51.01 0.64
9 58.52 0.36
Seed 5 43.05 0.9828 5.86 0.13
6 51.84 0.51
7 58.79 0.13
8 63.44 0.65
9 68.74 0.28
Table 4: FRAP Antioxidant Activity Results
Sample FRAP (mmol FeSO4/g extract) Antioxidant Activity (g FeSO4/ g extract) Standard deviation
Quercetin 34.29 9.53 0.07
Leaf 6.27 1.74 0.01
Bark 14.72 4.09 0.05
Fruit 6.87 1.91 0.00
Seed 9.21 2.56 0.01
*Value is expressed as for the experiment (mean + SD, n = 3)
Table 5: DPP-IV enzyme inhibitory activity by Sitagliptin
Sample Concentration (ug/mL) % Inhibition R2 ICso (ug/mL) Standard deviation
Sitagliptin 0.210 69.79 0.9809 0.12 0.49
0.175 61.43 0.39
0.105 49.83 1.47
0.070 39.57 0.61
0.035 27.75 1.12
*Value is expressed as for the experiment (mean + SD, n = 3)
Table 6: DPP-IV enzyme inhibitory activity
Plant Parts Concentration (4 g/mL) % inhibition Standard deviation
Leaf 140 29.70 0.47
Bark 140 29.39 0.22
Fruit 140 32.71 0.66
Seed 140 32.46 0.54

*Value is expressed as for the experiment (mean + SD, n = 3)

antioxidant (DPPH and FRAP) and DPP-IV enzyme. A
strong correlation was found between TPC with TFC and
DPPH with TFC. The correlation between TPC and TFC
variables has a P-value of 0.031 (< 0.05), so it is concluded
that the TPC variable has a significant correlation to the TFC
variable. The correlation value obtained is negative (-0.969),
so it can be concluded that the direction of the correlation

between TPC and TFC variables is in the opposite direction
with a strong level of closeness. TFC variables significantly
correlate with DPPH variables with a P-value of 0.044 (<
0.05). The correlation value of TFC and DPPH is positive
0.956, which is concludes that the direction of the variable
correlation was in the same direction with a strong level of
closeness (Fig. 5).
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Matrix Plot of TPC; TFC; DPPH; FRAP; Percent DPP-IV

Pearson Correlation

Te
o Correlations
o
= [ ]
. . TPC TFC DPPH FRAP
o ] : i
r= 0968 p= 00} TFC -0,969
o
" DPPH -0,864 0,956
= FRAP 0401 -0,540 -0,742
& - -
=] Percent DPP-IV 0,532 -0495 -0271 -0.444
[l - - . -
= DA p = 0,136 r= 0,556 p = 0,044
& [} L] L]
T 2
E L AR} L
g - - - -
= 0401 p = 055 = 0,0 p = 046 r=-0MIp= 028
- [ ] .. [ ] - [ ] ¥ -
a 324
;E 214
E:; ™ i L ] [ ] holl Bl L ]
“ : r—U\:;E'E-u—U\d‘HI r=-045% 8= 0,506 = 021 r.:-C!\'.‘.E'E- L= 0444 P—C\EE\J
40 50 &0 3 E [ L] 12 2 3 4
e TFC DPPH FRAP

Fig. 5: Pearson Correlation of TPC, TFC, DPPH, FRAP and percent inhibition DPP-IV

Discussion

Ultrasound-assisted extraction is one of the newest and most
efficient methods for extraction when compared to existing
methods. The samples were homogenized to 80 mesh, a
process that breaks the hard shell of spores and creates a
more extensive surface area in contact with the solvent
(Suryanto and Taroreh 2021). UAE extraction for the
seed extract of D. foxworthyi led to a dry extract yield
up to 50%. The high yield was due to the cavitation
phenomenon, which led to cell wall breakage of the
simplicia, speeding up relative mass transfer between
substrate and solvent (Shen ef al. 2023).

Phytochemical screening showed that stem bark and
seed extracts contained alkaloid compounds. The positive
control in the alkaloid test was Rheum rhabarbarum extract
because this plant is known to have high alkaloids used to
overcome inflammation, radiation, cancer, and diabetes
(Munoz et al. 2018). The positive control in the alkaloid test
was Polyscias scutellaria extract because this plant is
known to have high alkaloids (Kasmara et al. 2024). Several
types of alkaloids such as boldine, berberine, and
sanguinarine, have been shown to have antidiabetic activity
by inhibiting a-glucosidase, dipeptidyl peptidase-IV, aldose
reductase, o-amylase, tyrosine phosphatase-1B, and
increasing insulin secretion (Naseri ef al. 2022). Numerous
tannins such asvescalagin, acutissimin A/B, epiacutissimin
A/B, grandinin/roburin E, hexagalloyl glucose, and
heptagalloyl, reduce blood sugar levels by blocking the
action of a-amylase and a-glucosidase (Hossain et al. 2021).

The positive control in the saponin test was Polyscias
scutellaria extract because this plant is known to have high
tannins (Kasmara et al. 2024). Saponins from Momordica

charantia (bitter melon) can improve insulin resistance,
lower fasting blood glucose, and return body weight to
normal (Sukhikh et al. 2023). Terpenoid identification
shows that all parts of the plant are positive for containing
terpenoids. The plant D. foxworthyi had been reported to
contain betulin (Solehin et al. 2022). Betulin is a
pentacyclic triterpenoid found mainly in the bark of
persimmon trees (Zhang et al. 2024). A 50 mg/kg dose
of betulin is used and it shows its anti-diabetic effect
through the regeneration of cells along with the
protective  effects  against  cytolysis, diabetic
nephropathy, and pancreatic damage (Adepoju et al. 2024).

Flavonoids and phenolics of the extract part have
different levels. Phenolic compounds in flavonoids help to
lower blood glucose levels by preventing pancreatic islet of
Langerhans cell damage (Parwata et al. 2018), Inhibiting the
enzyme o-glucosidase from breaking down glucose (Liu et
al. 2020) and reducing cells resistance to insulin (Zin et al.
2022). Phenolic and flavonoid compounds can control blood
glucose levels through hydrogen bonding and hydrophobic
interactions, which result in structural changes to the o-
glucosidase enzyme. These changes block substrate access
to the enzyme’s active site, ultimately reducing its activity
(Le et al. 2022; Qin et al. 2023).

Among all the parts, bark showed maximum activity
in both assays, DPPH and FRAP. These results indicate that
the flavonoid and phenolic content contribute to antioxidant
potential. The structure of flavonoid molecules often
correlates closely with their bioaction, especially for
antioxidant action (Juca et al. 2020). This situation resides
in the energy necessary to liberate hydrogen from their
phenolic groups, concerning the DPPH free radical
scavenging mechanism by phenolic and flavonoid
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compounds. Flavonoids with lower bond dissociation
enthalpy, like quercetin (positive control) are more effective
in scavenging DPPH radicals (Veiko et al. 2021).

Analysis of DPP-IV enzyme inhibitory activity
showed similar activity in all D. foxworthyi plant parts. The
positive control sitagliptin was able to give an ICso value of
1.20 ug/mL. The results of this positive control align with
the literature, which reports that the ICso value of sitagliptin
ranges from 0.08 pg/mL (Triadisti et al. 2025) to 1.104
ug/mL (Riyanti et al. 2019) and up to 9.37 ug/mL (Amin et
al. 2019). Sitagliptin functions as an inhibitor of the DPP-
IV, which stops the breakdown of Glucagon-Like Peptide-1
(GLP-1) and Glucose-Dependent Insulinotropic Polypeptide
(GIP), which causes the body to produce more insulin.

The percentage inhibition activity of the DPP-IV
enzyme from the leaf, bark, fruit, and seeds of D. foxworthyi
did not show any significant difference in the range of
29.39% (leaf) to 32.71% (bark) at a 144 ug/mL
concentration. The inhibition activity from D. foxworthyi
plant parts was more active than the Anogeissus latifolia
plants (gum ghatti) (IC2s 590 ug/mL) and Aegle marmelos
(maja fruit) (IC2s 446 pug/mL), which have long been used
as antidiabetic activities by the community in Southeast
Asia (Ansari et al. 2021). The results of the correlation data
between DPP-IV inhibition activity and DPPH and FRAP
antioxidant activities were -0.271 and -0.444, respectively.
These results indicate no linear correlation between
antioxidant activity and DPP-IV inhibition activity in D.
foxworthyi extract. However, the antioxidant activity of
DPPH in D. foxworthyi fruit flesh showed high activity with
an ICso of 7.80 ug/mL. D. foxworthyi fruit extract showed
the best DPP-IV inhibition; this was in line with the highest
yield and phenolic content in the seed extract. Phenolic
compounds inhibit the DPP-IV enzyme through hydrogen
bonding to the active site of the DPP IV enzyme (Huang et
al. 2019). Compounds with more hydroxyl groups tend to
have better inhibitory effects (Jia ez al. 2021).

Antioxidant and antidiabetic activities are closely
related. Oxidative stress is a fundamental factor in the
pathogenesis, progression, and complication of diabetes
(Caturano et al. 2023). Diabetes arises partly from oxidative
stress that causes organ damage through free radicals
(Ghasemi-Dehnoo et al. 2020; Bhatti et al 2022).
Antioxidants, mainly phenolic compounds, help reduce
organ damage by scavenging free radicals and inhibiting
reactive oxygen species production (Zeb 2020; Akbari ef al.
2022). Additionally, phenolic acids are essential for
managing diabetes because they influence the activities of
insulin and glucose receptors, boost pancreatic p-cell
production of the GLUT2 glucose transporter, and facilitate
GLUTH4 translocation (Kumar and Goel 2019).

Correlation data between TPC, TFC, antioxidants, and
inhibition of the DPP-IV enzyme of each sample were
conducted using Minitab version 2.2. Correlation analysis
was conducted to evaluate the strength and direction of the
relationship between quantitative variables (Schober et al.

2018). This study uses the Pearson correlation type. Pearson
correlation is used to determine the strength of the linear
relationship between two continuous variables (Rovetta
2020). According to this analysis, the correlation will be
stronger when the values are closer to 1 and less when the
values are closer to 0. Positive values indicate a positive
correlation and negative values indicate a negative
correlation (Schober et al. 2018). The correlation value
obtained is negative (-0.969), so it can be concluded that the
direction of the correlation between TPC and TFC variables
is in the opposite direction with a strong level of closeness.
The correlation value of TFC and DPPH is positive (0.956),
which means that the greater the flavonoid content, the
higher the antioxidant activity using the DPPH method.

Conclusion

All parts of the D. foxworthyi plant (leaf, bark, fruit and seed)
have shown antioxidant and antidiabetic effects as a potent
mechanism of DPP-IV enzyme inhibition. D. foxworthyi fruit
extract showed the best DPP-IV inhibition; this was in line
with the highest yield and phenolic content in the seed extract.
D. foxworthyi fruit extract showed the best DPP-IV
inhibition; this is in line with the results of very high phenolic
content, namely 51.993 mg/g equivalent of gallic acid.
Although the antioxidant activity and DPP-IV inhibition in D.
foxworthyi plant parts are not significantly correlated, D.
foxworthyi fruit extract, which has the best DPP-IV inhibition
activity of 32.71% at a concentration of 144 ug/mL, also has
very active DPPH antioxidant activity, namely with ICso 7.80
ug/mL, The DPP-IV enzyme inhibitory activity in D.
foxworthyi does not always depend on antioxidant activity,
but both can play a synergistic role in diabetes management.
More research into pharmacologic variants is warranted for
treatment advances of higher magnitude in this species.

Acknowledgments

The first author acknowledges Universitas Indonesia for the
support and facilities provided, which enabled us to conduct
this research. We also thank all those who offered guidance,
insights and valuable contributions to this study.

Author Contributions

Each author has made an equal contribution to this work and
has given their approval for its publication.

Contflict of Interest
There is no conflict of interest reported by all authors.
Data Availability

The corresponding author may grant access to the data in
this study on a reasonable request.



DPP-1V Inhibition and Antioxidant Activities in Diospyros foxworthyi Parts / Intl J Agric Biol Vol 33, 2025

Ethics Approval
Outside the purview of this manuscript

References

Adepoju FO, KV Sokolova, IF Gette, IG Danilova, MV Tsurkan, AC
Mondragon, EG Kovaleva, JM Miranda (2024). Protective Effect of
betulin on streptozotocin—nicotinamide-induced diabetes in female
rats. Intl J Mole Sci 25:2166-2182

Akbari B, N Baghaei-Yazdi, M Bahmaie, FM Abhari (2022). The role of
plant-derived natural antioxidants in the reduction of oxidative stress.
BioFactors 48:611-633

Amin MS, FC Saputri, A Munim (2019). Inhibition of dipeptidyl peptidase
4 (DPP 1V) activity by some Indonesia edible plants. Pharm J
11:231-236

Ansari P, MPH Fletcher, PRF FLatt, YHAA Wahab (2021). Effects of 22
traditional anti-diabetic medicinal plants on DPP-IV enzyme activity
and glucose homeostasis in high-fat fed obese diabetic rats. Biosci
Rep 41:1-15

Apriandini L, M Hanafi, R Djamil, Y Desmiaty, P Dewi, N Lotulung, N
Artanti (2023). Antioxidant and antidiabetic compounds from ebony
leaf extract (D. pyros celebica Bakh.) and their correlation with total
phenolic and flavonoid compounds in various solvent extraction. J
Nat Prod Degen Dis 1:8-18

Arifah FH, AE Nugroho, A Rohman, W Sujarwo (2022). A review of
medicinal plants for treating diabetes mellitus: The case of Indonesia.
S Afir J Bot 149:537-558

Bhatti JS, A Sehrawat, J Mishra, IS Sidhu, U Navik, N Khullar, S Kumar,
GK Bhattii, PH Reddy (2022). Oxidative stress in the
pathophysiology of type 2 diabetes and related complications:
Current therapeutics strategies and future perspectives. Free Rad Biol
Med 184:114-134

Bobo-Garcia G, G Davidov-Pardo, C Arroqui, P Virseda, MR Marin-
Arroyo, M Navarro (2015). Intra-laboratory validation of microplate
methods for total phenolic content and antioxidant activity on
polyphenolic ~ extracts and comparison with conventional
spectrophotometric methods. J Sci Food Agric 95:204-209

Buu AW, NKY Sari, NKD Lestari, AAAP Permatasari (2023).
Ethnobotanical study of medicinal plants in taro village , gianyar bali
studi etnobotani tanaman obat di desa taro gianyar bali. J Kesehat
Sain Dan Teknol 2:49-54

Caturano A, MD Angelo, A Mormone, V Russo, MP Mollicia, T Salvatore,
R Galiero, L Rinaldi, E Vetrano, R Marfella, M Monda, A Giordano,
FC Sasso (2023). Oxidative stress in type 2 diabetes: Impacts from
pathogenesis to lifestyle modifications. Curr Mol Biol 45:6651-6666

Desmiaty Y, B Elya (2021). Unripe fruit of rubus fraxinifolius as a potential
source of antioxidant and antielastase agent. Intl J Appl Pharm
13:78-81

Ditjen POM (1995). Materia Medika Indonesia, 6" edn. Depkes R1, Jakarta,
Indonesia

Durgam MK, PK Vemuri, VL Bodiga, S Bodiga (2023). Lupenone
isolated from Diospyros melanoxylon bark non-competitively
inhibits alpha-amylase activity. Biol Med Nat Prod Chem
12:171-176

Elya B, H Rosita, S Rosita, S Rani, Azizahwati, HU Shabrina, PI Titis,
PY Indah (2015). Antidiabetic activity and phytochemical
screening of extracts from indonesian plants by inhibition of
alpha amylase, alpha glucosidase and dipeptidyl peptidase IV.
Pak J Biol Sci 18:273-278

Ghasemi-Dehnoo M, H Amini-Khoei, Z Lorigooini, M Rafieian-Kopaei
(2020). Oxidative stress and antioxidants in diabetes mellitus. Asian
Pac J Trop Med 13:431-438

Hossain MT, F Noor, MD Asadujjaman, MSDA Matin, F Tabassum,
MDHA Rasihid (2021). A review study on the pharmacological
effects and mechanism of action of tannins. Eur J Pharm Med Res
8:5-10

Huang PK, SR Lin, CH Chang, MJ Tsai, DN Lee, CF Weng (2019).

Natural phenolic compounds potentiate hypoglycemia via inhibition
of Dipeptidyl peptidase IV. Sci Rep 9:15585-15595

Jeffrey S, PI Samraj, BS Raj (2021). Therapeutic benefits of alpha-lipoic
acid supplementation in diabetes mellitus: a narrative review. J Diet
Suppl 19:566-586

JiaY, Cai S, B Muhoza, B Qi, Y Li (2021). Advance in dietary polyphenols
as dipeptidyl peptidase-IV inhibitors to alleviate type 2 diabetes
mellitus:  aspects from structure-activity —relationship  and
characterization methods. Crit Rev Food Sci Nutr 63:3452-3467

Juca MM, FMSC Filho, JCD Almeida, DDS Mesquita, JRDM Barriga,
KFC Dias, TM Barbosa, LC Vasconcelos, LKAM Leal, JE Ribeiro,
SMM Vasconcelos (2020). Flavonoids: biological activities and
therapeutic potential. Nat Prod Res 34:692-705

Kasmara DP, NA Rashid, SABP Angin (2024). The active compounds in
Plyscias scutellaria identified based on the solvent. Indo J Glob Heal
Res 6:693-700

Khoshsima Z, AAM Sharif, A Akrami (2023). Optimizing conditions for
ultrasound-assisted extraction of the betulinic acid, oleanolic acid,
and wursolic acid from the jujube using Response Surface
Methodology (RSM). J Mex Chem Soc 67:94-102

Krawczyk M, IB Pedziwiatr, LA Wozniak, MB Matusiak (2023). Impact
of polyphenols on inflammatory and oxidative stress factors in
diabetes mellitus: nutritional antioxidants and their application in
improving antidiabetic therapy. Biomolecules 13:1402-1431

Kumar N, N Goel (2019). Phenolic acids: Natural versatile molecules with
promising therapeutic applications. Biotechnol Rep 24:370

Le TT, MT Ha, LM Hoang, NK Vu, JA Kim, BS Min (2022). o-
Glucosidase inhibitory activity of phenolic compounds isolated from
the stems of Caesalpinia decapetala var. Japonica. Nat Prod Sci
28:143-152

Liu JL, YC Kong, JY Miao, XY Mei, SY Wu, YC Yan, XY Cao (2020).
Spectroscopy and molecular docking analysis reveal structural
specificity of flavonoids in inhibiting a-glucosidase activity. Intl J
Biol Macromol 152:981-989

Munoz GD, IL Miranda, SK Sartori, DC Rezende, MAN Diaz (2018).
Anthraquinones an overview. Stud Nat Prod Chem 58:313-338

Nargund RR, VH Kulkarni, J Ab, V Habbu, SD Madagundi (2019).
Isolation, characterization of secondary metabolites from the
Diospyros malabarica (Desr.) Kostel and to evaluate their in-
vitro antidiabetic activity. J Pharmacogn Phytochem 8:2443—
2458

Naseri K, S Saadati, A Sadeghi, O Asbaghi, F Ghaemi F Zafrani, HB Li,
RY Gan (2022). The Efficacy of ginseng (panax) on human
prediabetes and type 2 diabetes mellitus: A systematic review and
meta-analysis. Nutrients 14:2401-2424

Parwata A, Laksmiwati, Sudiarta, MN Dina, S Yasa (2018). The contents of
phenol and flavonoid compounds in water extract of Gyrinops
versteegii leaf have potentially as natural antioxidants and
hypoglicemic in hyperglycemic Wistar rats. Biomed Pharmacol J
11:1543-1552

Pereira ACH, D Lenz, BV Nogueira, R Scherer, TU Andrade, HB Costa, W
Romdo, TMC Pereira, DC Endringer (2017). Gastroprotective
activity of the resin from virola oleifera. Pharmaceut Biol 55:472—
480

Qin Y, X Chen, F Xu, C Gu, K Zhu, Y Zhang, G Wu, P Wang, L Tan
(2023). Effects of hydroxylation at C3' on the B ring and
diglycosylation at C3 on the C ring on flavonols inhibition of a-
glucosidase activity. Food Chem 406:135057

Ribeiro A, R Serrano, IBM Silva, ET Gomes, JF Pinto, O Silva (2023). The
Genus Diospyros: A Review of novel insights into mozambican
flora's biological activity and species. Plants 12:2833-2866

Riyanti S, AG Suganda, EY Sukandar (2019). Dipeptidyl peptidase-IV
inhibitory activity of some Indonesian medicinal plants. Asian J
Pharm Clin Res 9:375-377

Rovetta A (2020). Raiders of the lost correlation: A guide on using pearson
and spearman coefficients to detect hidden correlations in medical
sciences. Cureus 12:1-7

Schober P, C Boer, LA Schwarte (2018). Correlation Coefficients:
Appropriate Use and Interpretation. Anesth Analg 126:1763—1768

Shen L, S Pang, M Zhong, Y Sun, Y, A Qayum, Y Liu, A Rashid, B Xu, Q



Clearn et al. / Intl J Agric Biol, Vol 33, 2025

Liang, H Ma, H, X Ren (2023). A comprehensive review of
ultrasonic-assisted extraction (UAE) for bioactive components:
Principles, advantages, equipment, and combined technologies.
Ultrasonics Sonochemistry 101:106646

Solehin M, A Ghani, N Zakaria, NM Arshad, EE Kamarulzaman, K
Awang, M Litaudon, MN Azmi, M Taib (2022). Pentacyclic
triterpenoids isolated from Diospyros foxworthyi Bakh. (Ebenaceae)
with its cytotoxic activity against HT-29 human colon cancer cell.
Malay J Chem 24:2022

Sukhikh S, O Babich, A Prosekov, O Kalashnikova, S Noskova, A
Bakhtiyarova, O Krol, E Tsvetkova, S Ivanova (2023). Antidiabetic
Properties of Plant Secondary Metabolites. Metabolites 13:513-529

Suryanto E, MR Taroreh (2022). Physico-Chemical and antioxidant activity
of insoluble dietary fiber powder from corncob (Zea mays L.). Asian
J Chem 33:324-330

Triadisti N, B Elya, M Hanafi, NM Hashim (2025). Bioactive
chromatographic fractions from Uncaria sclerophylla (W. Hunter)
Roxb. leaf on dipeptidyl peptidase-4 inhibition and antioxidant
capacity, phytochemicals, and compound profiling using UPLC-ESI-
QToF-MS/MS. J Pharm Pharmacogn Res 13:58-85

Veiko AG, EA Lapshina, IB Zavodnik (2021). Comparative analysis of
molecular properties and reactions with quercetin, catechin, and
naringenin oxidants. Mol Cell Biochem 476:4287-4299

Zeb A (2020). Concept, mechanism, and applications of phenolic
antioxidants in foods. J Food Biochem 44:1-22

Zhang Y, F Li, G Guo, Y Xiu, H Yan, L Zhao, S Gao, F Ye, Y Fu (2024).
Preparation and characterization of betulin/methyl-beta-cyclodextrin
inclusion complex electrospun nanofiber: Improving the properties
of betulin. Industr Crops Prod 209:117974

Zin CAJCM, WMIW Mohamed, NAK Khan, WRW Ishak (2022). Effects
of fruit and vegetable polyphenols on the glycemic control and
metabolic parameters in type 2 diabetes mellitus. Prevent Nutr Food
Sci 27:257-264

Zreen Z, A Hameed, S Kiran, T Farooq, MS Zaroog (2022). A comparative
study of Diospyros malabarica (Gaub) extracts in various polarity-
dependent solvents for evaluation of phytoconstituents and biological
activities. BioMed Res Intl 22:1-12

10



