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Abstract

Background: Impaired insulin secretion causes type 2 diabetes mellitus. The DPP-IV
affects the secretion of insulin. DPP-IV inhibition is a potential therapeutic approach
because it ensures optimal insulin secretion. Solanaceae family plants have the potential
to inhibit the DPP-IV because of their phytochemicals, such as flavonoids and phenolic.
Objective: This study aimed to evaluate the DPP-IV inhibitory activity of Solanum
melongena and Physalis angulata.  Method: The fruits were crushed and extracted.
Phytochemical screening and total flavonoids and phenol contents of the extracts were
determined. The DPP-IV inhibition assay was done via molecular docking, and the in vitro
study was conducted to measure the percentage of inhibition. Result: S. melongena had
a higher content of total flavonoids and phenolics. In the docking study, ferulic acid and
withangulatin A showed the best binding activity with DPP-IV compared to other
compounds. P. angulata had a higher DPP-IV inhibition percentage than S. melongena.

Conclusion: S. melongena and P. angulata had DPP-IV inhibitory activity.

Introduction

Diabetes mellitus (DM) is a chronic condition brought
on by insufficient insulin production by the pancreas or
inefficient insulin utilisation by the body, therefore
leading to hyperglycemia (WHO, 2022). The
therapeutic management of DM must be carefully
selected. Type 2 DM drugs have various targets,
including the glucagon-like peptides-1 (GLP-1) receptor
(Luo et al., 2016).

GLP-1 is an incretin hormone that plays a role in
stimulating insulin secretion in pancreatic beta cells
and is rapidly degraded by the enzyme dipeptidyl
peptidase-IV (DPP-IV) (Luo et al., 2016)—inhibition of
the DPP-IV results in an increased level of GLP-1.
Examples of DPP-IV inhibitors used clinically are
sitagliptin, saxagliptin, and linagliptin (Chhabria et al.,
2022). Treatment using DPP-IV inhibitors inhibits
glucagon release and increases incretin levels, leading
to increased insulin secretion, decreased gastric

Pharmacy Education 24(3) 406 - 411
ISSN 1477-2701 online © 2024 FIP

emptying, and lowered blood glucose levels (Gallwitz,
2019). DPP-IV inhibitors are safe because they have
minimal risk of hypoglycemia, do not affect body
weight, have cardiovascular protection, and are safe for
patients with kidney complications (Deacon, 2019).
Nonetheless, this class of drugs has several side effects,
such as pancreatitis, nasopharyngitis, and skin lesions
(Gallwitz, 2019). It is less able to lower HbA1lc levels and
is relatively more expensive than other drugs (Ministry
of Health, Republic of Indonesia, 2020). Some
phytochemicals such as flavonoids, phenolic acids,
alkaloids, glycosides, polysaccharides, peptidoglycan,
glycopeptides, and steroids work as DPP-IV inhibitors
(Singh et al., 2021).

Several plants belonging to the Solanaceae family are
known as traditional medicines to treat DM (Kandimalla
et al., 2015). Antidiabetic properties of the purple
eggplant (Solanum melongena) have been investigated
through in vivo and in vitro methods where it has been
shown that S. melongena works through the inhibition
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of a-glucosidase, a-amylase, and aldose reductase
enzymes (Egwim et al., 2013; Nwanna, 2013; Wu et al.,
2015). Physalis angulata L., another member of the
Solanaceae family, is known as an antidiabetic that
works by lowering blood sugar levels in diabetic rats
and inhibiting the activity of the a-glucosidase and a-
amylase enzymes in vitro tests (Abo & Lawal, 2013; Raju
& Mamidala, 2015). S. melongena and P. angulata
contain flavonoids that are thought to have
antidiabetic activity (Singh et al., 2021). Phytochemical
compounds generally contained in the Solanaceae
family plants include alkaloids, flavonoids, tannins, and
saponins (Wu et al., 2015). These phytochemicals play
a role in inhibiting the DPP-IV enzyme (Yaribeygi et al.,
2019). Solanum incanum, which belongs to the
Solanaceae family, is known to inhibit the DPP-IV with
an inhibition percentage of 68.1% (Singh et al., 2021).

According to Shaikh et al. (2021) and Pan et al. (2022),
the highly effective compounds that inhibit DPP-IV are
resveratrol, quercetin, and coumarins, which belong to
the phenolic and flavonoid groups. Research has not
been conducted to investigate these compounds from
S. melongena and P. angulata fruits to inhibit DPP-IV.
Therefore, this study aimed to investigate the DPP-IV
inhibitory potential of both fruits. This study is focused
on exploring the

Methods
Plant extraction

S. melongena and P. angulata fruits from East Java,
Indonesia, were confirmed as their species by Botani
Laboratory Universitas Jember (No. 047/2022 and
048/2022). The fruits were dried, cut, and then ground
into powder. Exactly 200 grams of each fruit powder
was soaked in 70% ethanol (ratio 1:10) for 24 hours and
stirred occasionally. Afterwards, the filtrate was
collected. The remaining dregs were macerated with
the same solvent for 24 hours. A rotary evaporator was
used for the collection, and the filtrate concentration
was produced during the maceration.

Phytochemistry screening

Phytochemical screening using qualitative methods
was used to determine the phytochemical composition
of both extracts.

Determination of the total phenolic and flavonoid

Spectrophotometry was used to calculate the total
phenolic and total flavonoids. The Folin-Ciocalteu
method assessed the total phenolic, and an aluminium
chloride (AICl3) assay measured total flavonoids.
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Molecular docking of DPP-1V

Molegro Virtual Docker (http://molexus.io/molegro-
virtual-docker/) was used to perform molecular
docking. The native ligand of DPP-IV (code 4J3J) was
collected from Protein Data Bank
(https://www.rcsb.org/structure/4J3J). The previously
identified flavonoid and phenolic compounds in both
samples and two steroid compounds in P. angulata
were docked to the DPP-IV protein (Marsic et al., 2014;
Medina-Medrano et al., 2015; Nifo-Medina et al.,
2017; Wu et al., 2020). Sitagliptin and diprotin were
used as controls. The structure of the ligands was
obtained from PubChem, and some were drawn by
ChemBioDraw Ultra 12.0. The outcome was displayed
as arerank score, a root mean square deviation (RMSD)
score, and hydrogen bond strength (Nisa et al., 2022;
Rahmayanti et al., 2022).

DPP-1V in vitro inhibition assay

The inhibitory activity of the DPP-IV was investigated
based on the procedure from the DPP-IV enzyme
inhibitor screening kit (MAK203, Sigma-Aldrich, USA). A
360 nm excitation wavelength and a 460 nm emission
wavelength were used to measure the fluorescence
(Sigma Aldrich, 2014). Sitagliptin was used as a control
positive. Each extract was tested using three
concentrations (50, 100, and 200 pug/mL), and each test
sample was examined in triplicate.

Statistical analysis

A one-way ANOVA was used to examine the percentage
of inhibition against DPP-IV, followed by the LSD post
hoc test. The SPSS version 27.0 programme was used
for all statistical analysis.

Results

Table | shows the phytochemistry screening results.
The result showed that both extracts have the same
phytochemicals. The total flavonoids and phenolics
measurement results revealed that S. melongena had a
higher content of both phytochemicals than P.
angulate (Table Il). The molecular docking result
indicated ferulic acid from S. melongena and
withangulatin A from P. angulata showed better rerank
scores than the other compounds. However, the
control and native ligands scored better than those
two, as shown in Table Ill. The DPP-IV inhibition assay
showed that the 200 pg/mL concentration had the best
percentage inhibition value for both extracts (Table IV).
However, the value was significantly lower than the
value obtained for sitagliptin.
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Table I: Phytochemistry screening

Phytochemical

Method

Solanum melongena

Result

Physalis angulata

Flavonoids Bate-Smith dan Metcalf + +
Wilstater
Alkaloids Mayer Wagner + +
Saponins Froth test + +
Steroid Salkowski + +
Anthraquinone Borntrager's test - -
Polyphenol FeCls + +
Tannin Gelatin - -

The plus (+) mark indicates the presence of the chemical compound, while the negative (-) mark indicates the absence of the compound.

Table Il: Total phenolic and total flavonoid

Plant extract

Total phenolic (mg GAE/g)

Total flavonoid (mg QE/g)

Solanum melongena

Physalis angulata

473.764 +15.631
312.426 +2.471

80.143 +1.943
65.191 + 0.989

Table lll: Molecular docking of DPP-IV

Compound Source Rerank score RMSD HBond Value
Native ligand - -83.1137 7.92464 -0.413749
Sitagliptin Control -75.3611 5.28017 0
Diprotin A Control -67.717 15.1442 -4.81924
Quercetin S. melongena, P. angulata -63.5451 16.4038 -10.1075
Kaempferol P. angulata -68.389 14.055 -7.00335
Caffeic acid S. melongena, P. angulata -64.96999 12.6183 -6.17194
p-coumaric acid S. melongena, P. angulata -56.7254 13.2571 -7.5
Chlorogenic acid S. melongena, P. angulata -45.1525 13.5246 -16.4558
Ferulic acid S. melongena -68.0926 16.3071 -3.5112
Delfinidine S. melongena -64.1757 9.07056 -9.28354
Solanoflavone S. melongena -23.9389 18.7542 -13.6577
Withangulatin A P. angulata -75.1037 14.3445 -7.09826
Physagulin F P. angulata -60.43 13.4102 -9.0217
Table IV: DPP-IV in vitro inhibition assay

Sample Concentration (pug/mL) Percent inhibition (%)
Sitagliptin* 10 89.389 + 0.259°
Solanum melongena 50 17.785 + 2.575°

100 20.141 + 1.143¢b¢

200 23.537 + 1.224
Physalis angulata 50 18.747 + 1.540°

100 24.536 + 4.803¢

200 29.471 £ 3.553¢

2p<0.01 compared to Sitagliptin; ®p < 0.01 compared to all samples, except S. melongena 50 and 200 ug/mL, P. angulata 100 and 200 pg/mL; p < 0.01 compared to other
samples, except S. melongena 100 and 200 pg/mL; %p < 0.01 compared to all samples except S. melongena 200 pg/mL and P. angulata 100 pg/mL; ¢p < 0.01 compared to
P. angulata 200 pg/mL. Significant discrepancies in the percentage inhibition values are shown by different superscript letters. (p < 0.05) between treatment groups using
the One-way ANOVA test and the LSD Post Hoc
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Discussion

Flavonoids and phenolics are essential in the inhibition
of DPP-IV (Pan et al., 2022). Quercetin, a flavonoid, is
known to inhibit the DPP-IV enzyme based on the results
of wvirtual docking (Singh et al., 2021). Some
phytochemicals, such as curcumin, resveratrol, luteolin,
apigenin, and flavone, were discovered to have a strong
affinity to DPP IV enzymes (Huang et al., 2019; Singla et
al., 2019).

Solanaceae family plants contain phytochemical
compounds, including flavonoids, saponins, alkaloids,
and tannins, responsible for inhibiting the DPP-IV
enzyme (Yaribeygi et al., 2019). S. melongena has
flavonoids, such as quercetin, anthocyanin, catechin,
and solanoflavone (Nifilo-Medina et al., 2017; Wu et al.,
2020). Some phenolic compounds found in S.
melongena include chlorogenic acid, caffeic acid, ferulic
acid, hydroxycinnamic, caffeoylquinic acid, coumaric
acid, and phenolic acids (Marsi¢ et al., 2014; Nifio-
Medina et al., 2017). Meanwhile, P. angulata contains
flavonoids, such as kaempferol, quercetin, and
dihydroflavonol (Medina-Medrano et al., 2015). P.
angulata also contains phenolics such as chlorogenic,
caffeic, and p-coumaric (Nguyen et al., 2021). Quercetin
has DPP-IV inhibitory activity with inhibitory activity of
46% at a concentration of 200 pug/mL (Proency et al.,
2019). Caffeic acid DPP IV inhibitory action was
demonstrated with an 1Cso value of 3.37 uM (Gao et al.,
2015).

Based on the rerank score, this study indicated that
ferulic acid from S. melongena and withangulatin A from
P. angulata strongly bonded with DPP-IV. However, the
native ligand and the control scores were lower than
those. Lower values indicate more stable binding to the
active site (Nisa et al, 2022). According to
Tuersuntuoheti et al. (2022), quercetin and chlorogenic
showed lower binding affinity than Sitagliptin in
molecular docking. The use of a different software
causes this distinction. The binding energy greatly
depends on the docking programme used and the type
of target protein (lvanova & Karelson, 2022). Quercetin
and chlorogenic acid revealed formed hydrogen and
hydrophobic bonds with the active amino acid residues
of DPP-IV, altering the protein structure of DPP-IV and
rendering its enzymatic activity inactive
(Tuersuntuoheti et al., 2022).

Furthermore, the in vitro study showed both extracts'
potential to inhibit DPP-IV. The percentage inhibition
values of both extracts were higher than that of the P.
angulata leaf extract (13.94 + 4.08 %) at the same
concentration of 100 pg/mL (Riyanti et al., 2016).
However, the percentage inhibition values of these
extracts were lower than that of Solanum incanum
(68.1%) (Saidu et al., 2017). The inhibitory activity of

Pharmacy Education 24(3) 406 - 411

Antidiabetic activities of S. melongena and P. angulata

both extracts is thought to be mediated by flavonoid
and phenolic compounds in the extracts. The finding
shows that the per cent inhibition value for both
extracts is lower than the control. However, both
extracts can still be developed as antidiabetics with
other mechanisms, such as inhibitors of a-glucosidase
and a-amylase enzymes or other mechanisms (Raju &
Mamidala, 2015; Wu et al., 2015). Flavonoids and
phenolics can interact with hydrophobic amino acid
residues near enzyme active sites, potentially inhibiting
glucosidases (Li et al., 2018). Flavonoids non-
competitively inhibit a-amylase activity by generating
complexes forming hydrophobic and hydrogen bonds,
thus reducing the enzyme's binding affinities (Takahama
& Hirota, 2018).

Conclusion

S. melongena and P. angulata have DPP-IV inhibitory
activity. However, the value is lower than Sitagliptin.
Flavonoids and phenolics in both extracts are crucial in
this activity. Based on this phytochemical content, the
two extracts have the potential to be developed as
antidiabetics.
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