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Women have been found to be at a higher risk of morbidity and mortality from
type 2 diabetes mellitus (T2DM) and asthma. α-Glucosidase inhibitors have been
used to treat T2DM, and arachidonic acid 15-lipoxygenase (ALOX15) inhibitors
have been suggested to be used as treatments for asthma and T2DM.
Compounds that inhibit both enzymes may be studied as potential treatments
for people with both T2DM and asthma. This study aimed to determine potential
anti-diabetic and anti-inflammatory bioactive hits from Coriaria intermedia
Matsum. stem and Dracontomelon dao (Blanco) Merr. & Rolfe bark. A
bioassay-guided fractionation framework was used to generate bioactive
fractions from C. intermedia stem and D. dao bark. Subsequently,
dereplication through ultra-high performance liquid chromatography-tandem
mass spectrometry (UHPLC-MS/MS) and database searching was performed to
putatively identify the components of one bioactive fraction from each plant.
Seven compounds were putatively identified from the C. intermedia stem active
fraction, and six of these compounds were putatively identified from this plant for
the first time. Nine compounds were putatively identified from the D. dao bark
active fraction, and seven of these compounds were putatively identified from
this plant for the first time. One putative compound from the C. intermedia stem
active fraction (corilagin) has been previously reported to have inhibitory activity
against both α-glucosidase and 15-lipoxygenase-1. It is suggested that further
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studies on the potential of corilagin as an anti-diabetic and anti-inflammatory
treatment should be pursued based on its several beneficial pharmacological
activities and its low reported toxicity.

KEYWORDS

anti-diabetic, anti-inflammation, enzyme inhibition, dereplication, LC-MS/MS,
α-glucosidase, 15-lipoxygenase-1, terrestrial plants

Introduction

Diabetes is a chronic disease that is characterized by abnormally
high plasma glucose levels. This is caused by the body’s inability to
produce insulin or use insulin properly (Kaul et al., 2023). Type II
diabetes (T2DM) is the most common form of diabetes,
characterized by the body’s inability to synthesize and secrete
insulin, which prevents the intake of glucose and leads to the
subsequent rise of blood glucose levels. On the other hand,
asthma is a chronic disease of the lungs affecting people from all
age groups, caused by inflammation and the tightening of the muscle
around the airways (World Health Organization, 2023). It is
characterized by airway obstruction and hypersensitivity,
thickening of the airway wall, and increased hypersecretion of
mucus (Liu et al., 2023). Combined, diabetes and asthma affect
hundreds of millions of people around the world annually
(Chowdhury et al., 2021; Sun et al., 2021; Diabetes, 2023).

Women are disproportionately affected by T2DM and asthma
compared to men (Klein et al., 1999; Adair et al., 2018; Naeem and
Silveyra, 2019; Pennington et al., 2019). There is also a shift observed
in asthma prevalence and mortality rates in males and females over
time, which suggests a role played by hormonal changes during
puberty as well as the interaction of various socioeconomic and
health factors (Naeem and Silveyra, 2019; Chowdhury et al., 2021).
Therefore, it is crucial to develop new therapeutic agents for the
treatment and/or management of T2DM and asthma, especially
for women.

Lifestyle modifications are prescribed and several classes of
oral medications are used to manage and treat T2DM (Padhi et al.,
2020; Reed et al., 2021). One such class of medications used to
treat T2DM are called α-glucosidase inhibitors. On the other
hand, asthma is most commonly managed using a combination of
multiple medications (García-Menaya et al., 2019). In a recent
review (Xu et al., 2021), it was mentioned that human arachidonic
acid 15-lipoxygenase (ALOX15) inhibitors have the potential to
be used as treatments for airway inflammatory diseases, including
asthma. ALOX15 and its metabolites have been suggested to also
play a role in T2DM and the complications that arise from it
(Singh and Rao, 2019; He et al., 2023), implying that
ALOX15 inhibitors may be explored as a possible treatment for
T2DM and/or its complications. Several compounds and plant
extracts that inhibit α-glucosidase or ALOX15 have already been
studied (Kumar et al., 2011; Sadeghian and Jabbari, 2015).
However, there might be value in exploring compounds/
extracts that inhibit both enzymes as possible sources of new
treatments for T2DM and asthma.

The immense biodiversity of terrestrial plants makes them a rich
source of chemically diverse secondary metabolites with promising
biological activities (Atanasov et al., 2015). Given the rich biological

niche of the Philippine archipelago, its flora represents an untapped
chemical space with the potential to yield novel drug leads. Several
Philippine plants, such as tuway-tuway (Bidens pilosa L.), takip-
kohol (Hydrocotyle asiatica L.), and gumamela leaves (Hibiscus rosa-
sinensis L.), have been used in traditional medicine to treat diabetes
and inflammation. The medicinal properties of these plants are
likely attributed to a variety of phytochemical constituents,
including alkaloids, glycosides, and triterpenoids (Clemen-Pascual
et al., 2022).

The current study is part of a government-funded research
program called the Tuklas Lunas Research & Development
program, previously known as the Discovery and Development
of Health Products program (Philippine Council for Health
Research and Development, Department of Science and
Technology, 2024). The program aims to produce medicines
from Philippine biodiversity by pursuing two tracks of drug
development in parallel: (1) “the development of standardized
herbal drugs”, and (2) “the identification and characterization of
high-value purified active compounds from marine and
terrestrial sources for specific therapeutic indications”. The
initial phase of the program involved pre-screening
2,400 plant extracts from different regions of the Philippines
against different enzyme-based bioassays. Cytotoxicity testing on
the active extracts was then conducted and only the noncytotoxic
extracts were further evaluated.

As part of our ongoing efforts to identify bioactive hits from
Philippine plant extracts, we focused on exploring the bioactivity of
two Philippine plants: Coriaria intermedia Matsum., and
Dracontomelon dao (Blanco) Merr. and Rolfe. These two plants
were chosen to be pursued for further studies because of their
significant bioactivity in preliminary studies. The crude
methanolic extracts of both C. intermedia stem and D. dao bark
exhibited high levels of activity against α-glucosidase and 15-
lipoxygenase-1. The crude extracts from both plants were also
shown to be noncytotoxic in preliminary cytotoxicity assays and
they were chosen as priority extracts based on the results of the cell-
based orthogonal assays conducted by one of the program
collaborators.

Coriaria intermedia Matsum., commonly known as beket in
Tagalog, is a tree native to the Cordillera Central Range of the
northern Philippines (Guron and Napaldet, 2020). Plants from this
genus are found in a variety of geographic locations, including
Western North America and East Asia (Good, 1930). In Taiwan, C.
intermedia has been traditionally used for treatment of
gastrointestinal disturbance, rheumatism, and uterus cancer
(Chang et al., 1996). The leaves of the plant were found to
contain a variety of natural products, including 20-epibryonolic
acid, coriamyrtin, ursolic acid, 3,3′-dimethyl ether, naringenin, β-
tutin and phytosterols. Methanolic extracts from the leaves and
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flowers of C. intermedia exhibited significant antimicrobial activity
(San Luis et al., 2014).

Dracontomelon dao (Blanco) Merr. and Rolfe, locally known as
paldao or maliyan, is a deciduous tree under the family
Anacardiaceae, and is widely distributed in the Philippines,
Thailand, Myanmar, Cambodia, and southern China (Dapar,
2021). It holds significant ethnopharmacological value due to its
diverse medicinal applications. In China, its bark is traditionally
used to treat skin ulcers and other infectious diseases (Li et al., 2017).
Similarly, in the Philippines, its bark is widely used as a traditional
medicine to address sore throats, toothaches, and even as a relief for
women who underwent labor (Peña et al., 2019). D. dao leaves were
previously found to contain phytyl fatty acid esters, long-chain fatty
alcohols, and long-chain hydrocarbons. Various secondary
metabolites have also been isolated from its leaves, including
anacardic acid, phytol, and β-sitosterol (Ragasa et al., 2016). In
addition, its twigs were found to contain linoleic acid, cardanols,
stigmasterol, anacardic acid, and monoacylglycerol, further
exemplifying its rich phytochemical diversity (Ragasa et al.,
2017). The solvent partition fractions from the methanolic
extracts of the leaves, stem, root, and bark of D. dao exhibited a
significant level of broad-spectrum antimicrobial activity (Khan and
Omoloso, 2002). The ethyl acetate partition fraction of the ethanolic
extract of D. dao leaves was also found to exhibit wound healing
effects on bacterially infected wounds in rats (Wen et al., 2022).

Our group’s research involves the discovery of bioactive
compounds from terrestrial plants using a bioassay-guided
fractionation framework. Bioassay or bioactivity-guided
fractionation is a common strategy used in natural products
research (Hubert, Nuzillard, and Renault, 2015). However,
bioassay-guided fractionation is often time- and resource-
intensive. To reduce the amount of time required to discover
new bioactive natural products, it is suggested that a
dereplication procedure be involved in the workflow.

Dereplication refers to the rapid identification of secondary
metabolites that have previously been identified (Hubert,
Nuzillard, and Renault, 2015). There have been significant
improvements in metabolite profiling methods due to the
introduction of ultra-high-performance liquid chromatography
(UHPLC) and the development of benchtop high-resolution mass
spectrometry detectors (Allard et al., 2016) which are able to
produce high quality tandem MS data. Coupled with molecular
networking platforms such as the Global Natural Products Social
Molecular Networking (GNPS), which can efficiently identify
secondary metabolites using tandem MS data (Yang et al., 2013),
the dereplication of natural products can be expedited.

There have been previous similar studies that have utilized
bioassay-guided fractionation and LC-MS/MS analysis coupled
with database or library searching to study natural products. In
one study, 280 fractioned samples from 35 marine fungal strains
from China were evaluated for their acetylcholinesterase (AChE)
inhibitory activity and antioxidant activity using a thin layer
chromatography array autography-based AChE inhibition assay
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assay (Nie et al., 2020). Their cytotoxicity was also
determined using the Artemia larval lethality assay. The most
bioactive and least cytotoxic fraction was analyzed via bioactivity-
coupled LC-MS/MS, and the LC-MS/MS data was also uploaded to

GNPS for molecular networking. Twelve compounds were identified
to exhibit either AChE inhibitory activity or DPPH radical
scavenging activity, with 7 of these compounds being putatively
identified, and five compounds were suggested to be new
compounds. In another study, the cytotoxic effects of semi-
purified fractions from the ethyl acetate extract of Annona
muricata L. leaves were evaluated against A549 cancer cells using
in vitro MTS cytotoxicity and scratch/wound healing assays (Salac
et al., 2022). Two subfractions (F15-16C and F15-16D) were
identified to show the highest anticancer activity, and the
fraction F15-F16 was further analyzed using LC-MS/MS, with
the obtained data being analyzed using several metabolomics
tools, including GNPS. Feature-based molecular networking
using GNPS produced 28 hits or putative compounds from
the F15-16 fraction.

This study aims to determine potential anti-diabetic and anti-
inflammatory bioactive hits from C. intermedia stem and D. dao
bark through a framework utilizing bioassay-guided fractionation,
coupled with dereplication using UHPLC-MS/MS and database
searching. To the best of our knowledge, this will be the first
study which will use this framework for studying bioactive
fractions from C. intermedia stem and D. dao bark.

Materials and methods

General

Distilled technical grade methanol, hexane, ethyl acetate,
and ethanol were used to produce the crude plant extracts and
the preliminary fractions by vacuum liquid chromatography
(VLC). Analytical reagent (AR) grade hexane (JT Baker),
ethyl acetate (JT Baker), ethanol (Scharlau, JT Baker),
methanol (JT Baker), acetonitrile (RCI Labscan, JT Baker),
DMSO (RCI Labscan), and ultrapure water (18.2 MΩ)
(OmniaTap, stakpure GmbH) were used for the further
fractionation of the VLC fractions via various separation
methods, and as needed for the bioassays.

Preparation of plant materials and extraction

C. intermedia stems (accession number UPB-0090) were
collected from Halsema Highway, Atok, Benguet. The stems were
washed and air-dried for 5–7 days, and were then homogenized in a
stainless-steel pulverizer.

D. dao bark (accession number PUH 13423) were collected from
the University of the Philippines Diliman Campus, Quezon City.
The bark was washed, dried at 40°C in an oven for at least 3 days, and
ground in a stainless-steel pulverizer.

The extraction and solvent partitioning procedures used were
optimized in the laboratory and adapted from previous protocols
(Punzalan and Villaseñor, 2019a). Approximately 1.9 kg of dried C.
intermedia stems and approximately 1.4 kg of dried D. dao bark
were soaked in distilled methanol, separately, for at least 3 days. The
methanol soakings for both plants were then separately filtered and
concentrated using a rotary evaporator (BÜCHI Rotavapor R-100).
The water bath was set to 40°C and the chiller (BÜCHI Recirculating
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Chiller F-105) was at 2.5°C. The extraction process was repeated at
least 7 times for each plant.

Solvent partitioning was performed on the methanolic extracts
of C. intermedia stem and D. dao bark. Approximately 25–26 g of
methanolic extract was dissolved in 500 mL ultrapure water and
then partitioned with 500 mL distilled hexane. The hexane extract
was separated and concentrated using a rotary evaporator, and the
addition of distilled hexane to the aqueous mixture was repeated at
least 6 times. To extract the slightly polar components, 500 mL
distilled ethyl acetate was shaken with the remaining aqueous
portion from the initial aqueous mixture. Similarly, extraction of
the ethyl acetate extract was performed at least 6 times, and the
extract was subsequently concentrated. The remaining aqueous
mixture was then filtered to remove insoluble particles and
stored at −20°C. A total of 53.30 g and 76.91 g of methanolic
extract were partitioned for C. intermedia stem and D. dao bark,
respectively.

Bioassay-guided fractionation

The fractionation procedures used were optimized in the
laboratory and adapted from previous protocols (Abaya and
Villaseñor, 2019; Punzalan and Villaseñor, 2019b). The ethyl
acetate extracts of C. intermedia stem and D. dao bark were
subjected to VLC. The samples were prepared by mixing the
extracts with silica gel 60G for thin layer chromatography
(Merck) in a 1:1 sample to silica weight ratio. Silica gel 60G was
also used as packing material for the stationary phase, using a
1:30 sample to silica weight ratio. Dry silica was loaded and
packed with the assistance of a vacuum pump onto a glass
column with a radius of 4.25 cm and a medium porosity glass
frit. Prior to loading the sample, the stationary phase was
equilibrated using distilled hexane. Stepwise gradient elution was
employed for both samples using a solvent system of distilled hexane
and ethyl acetate, starting with 100% hexane, then changing the
concentration of each solvent in 10% increments, until 100% ethyl
acetate was reached. Fractions were collected by volume for each
solvent system and concentrated using the rotary evaporator.

For C. intermedia stem, 5.492 g of ethyl acetate extract was used
for VLC with a packed column height of 6.5 cm. The total volume
used per solvent system is 500 mL. To recover highly polar
compounds, stepwise gradient elution using a solvent system of
distilled ethyl acetate and distilled ethanol was performed, starting
from 100% distilled ethyl acetate, until 100% distilled ethanol, in
25% increments. The collected fractions were concentrated.

D. dao bark was subjected to VLC twice (5.038 g and 4.681 g),
both times with a column height of 5.5 cm and a mobile phase of
250 mL per solvent system. Compounds with higher polarity were
recovered by using 50% distilled ethyl acetate:50% distilled ethanol
mixture, followed by 100% distilled ethanol. The collected fractions
from both runs were pooled and concentrated.

Size-exclusion chromatography (SEC) was performed to
fractionate the 13th VLC fraction (which eluted from the 50%
ethyl acetate:50% ethanol solvent system) of the C. intermedia
stem ethyl acetate extract. The packing material used for the
stationary phase was Sephadex LH-20 (Sigma-Aldrich, LH20100),
made to swell overnight in AR grade methanol. The stationary phase

was loaded onto a glass column with a radius of 1 cm and a medium
porosity glass frit. The resulting packed stationary phase had a
height of 58.5 cm. The sample was prepared by dissolving 105 mg of
the 13th VLC fraction in 1.5 mL AR grademethanol, which was then
centrifuged prior to loading. AR grade methanol was used as the
mobile phase, and the fractions were collected by band and volume.
Based on the obtained UHPLC-MS profiles of the SEC fractions,
fractions 24 to 31 were pooled together and concentrated using a
rotary evaporator. Fractionation of the 13th VLC fraction using SEC
was repeated three times. The total weight of sample used for SEC
was 315 mg.

The pooled C. intermedia stem SEC fraction was then
fractionated further through solid phase extraction (SPE). The
fraction was dissolved in 100% ultrapure water. The SPE
cartridge (Bond Elut C18 500 mg/3 mL; Agilent) was activated
using AR grade acetonitrile, then equilibrated with ultrapure
water. The sample was loaded onto the cartridge, then washed
with ultrapure water. Stepwise gradient elution was performed,
starting with 100% ultrapure water until 100% AR grade
acetonitrile, in 10% increments. All the fractions were collected
per solvent system and concentrated using a refrigerated centrifugal
vacuum concentrator (Labconco). The first fraction is henceforth
referred to as CINS.

Further fractionation of the 12th VLC fraction (eluted from
100% ethyl acetate) of D. dao bark ethyl acetate extract was done
through gravity column chromatography (GCC). For the stationary
phase, silica gel 60 (0.063–0.200 mm) for column chromatography
(Merck) was used as packing material. A 1:100 sample to silica
weight ratio was followed. The stationary phase was loaded onto a
glass column with a radius of 1 cm, and a medium porosity glass frit.
The solvent used for column equilibration and as the initial solvent
was 30% hexane:70% ethyl acetate. The fraction (142.2 mg) was
dissolved with 30% hexane:70% ethyl acetate and loaded onto the
column through wet loading. Stepwise gradient elution and
collection by band and volume were employed, which resulted in
a total of 15 GCC fractions. Based on the profiles of the 15 fractions
obtained using UHPLC-MS, similar fractions were pooled together.
Pooled GCC fraction 4 (henceforth referred to as DDAB) was then
subjected to UHPLC-MS/MS analysis.

All the extracts and fractions generated were subjected to α-
glucosidase and 15-lipoxygenase-1 inhibition assays.

α-glucosidase inhibition assay

The α-glucosidase inhibitory activities of the extracts and
fractions were determined via a spectrophotometric enzyme assay
based on the Tuklas Lunas Protocols for Drug Discovery and
Development in the Philippines (Naing et al., 2019). The assay
was based on the procedure of Shobana et al. (2009) with
modifications. Modifications of the assay were established from
optimization experiments such as determination of the optimal
enzyme concentration, Km and Vmax determination,
determination of the IC50 of the positive control, and solvent
tolerance of the enzyme.

The reaction mixture contained phosphate buffer (50 mM
NaH2PO4 (Loba Chemie Pvt. Ltd.)/Na2HPO4 (Loba Chemie Pvt.
Ltd.) with 100 mMNaCl (Scharlau) buffer, pH = 6.8), α-glucosidase
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from Saccharomyces cerevisiae recombinant (EC 3.2.1.20; Sigma-
Aldrich, G0660), sample/inhibitor, and p-nitrophenyl-α-D-
glucopyranoside (p-NPG) (Merck). The enzyme inhibitory
activity was tested by plating 10 µL of the sample (300 ppm),
216 µL of the phosphate buffer, and 24 µL of the α-glucosidase
solution (120 mU/mL) into a 96-well quartz microplate
(Hellma Analytics). After incubation at 37°C for 10 min, 50 µL
of p-NPG (11.34 mM) was added to start the reaction. Using a
microplate spectrophotometer (Thermo Scientific Multiskan
GO) and the software SkanIt RE v7.0, the absorbance was
monitored at 405 nm every 30 s for 30 min. The positive
control used was acarbose (Sigma-Aldrich, A8980-1G,
SLCF5122), and the negative control used was 5% DMSO in
phosphate buffer.

The % inhibition was calculated using the following equation:

% Inhibition per replicate � Absorbanceuninhibited − Absorbanceinhibited
Absorbanceuninhibited

× 100

Dose-response curves for CINS, DDAB and acarbose against the
α-glucosidase assay were constructed, Supplementary Figures
S13–S15 and the IC50 values were calculated. For the effective
concentrations of CINS, DDAB and acarbose used in the
determination of the IC50 values, refer to Supplementary Table S1.

15-Lipoxygenase-1 inhibition assay

A spectrophotometric assay for the determination of lipoxygenase
inhibitory activity was employed following the Tuklas Lunas Protocols
for Drug Discovery and Development in the Philippines (Allanigue
and Hernandez, 2019). The assay was based on the procedures of
Auerbach et al. (1992) and Axelrod et al. (1981) with modifications.
Modifications of the assay were established from optimization
experiments such as determination of the optimal enzyme
concentration, Km and Vmax determination, determination of the
IC50 of the positive control, and solvent tolerance of the enzyme.

The reactionmixture contained phosphate buffer (0.1 MKH2PO4

(Loba Chemie Pvt. Ltd.)/K2HPO4 (Loba Chemie Pvt. Ltd.), pH = 7.4),
lipoxidase (15-lipoxygenase-1) from Glycine max (soybean) Type I-B
(EC 1.13.11.12; Sigma-Aldrich L7395), sample/inhibitor, and linoleic
acid (Sigma-Aldrich, L1376). The enzyme inhibitory activity was
tested by plating 10 µL of the sample (1,000 ppm), 260 µL of the
phosphate buffer, and 15 µL of the enzyme solution (1896 U/mL) into
a 96-well quartz microplate (Hellma Analytics). After incubation at
25°C for 5 min, linoleic acid (1.6085 mM) was added to start the
reaction. Using a microplate spectrophotometer (Thermo Scientific
Multiskan GO) and the software SkanIt RE v7.0, the absorbance was
monitored at 234 nm every 10 s for 5 min. The positive control used
was nordihydroguaiaretic acid (NDGA) (Sigma-Aldrich, 74,540-1G,
BCBX4406), and the negative control used was 10% DMSO in
phosphate buffer.

The % inhibition was calculated using the following equation:

% Inhibition per replicate � Absorbanceuninhibited − Absorbanceinhibited
Absorbanceuninhibited

× 100

Dose-response curves for CINS, DDAB and NDGA against the
15-lipoxygenase-1 assay were constructed, Supplementary Figures
S16–S18 and the IC50 values were calculated. For the effective

concentrations of CINS, DDAB and NDGA used in the
determination of the IC50 values, refer to Supplementary Table S2.

For both the α-glucosidase and the 15-lipoxygenase-1 assays,
extracts and fractions that exhibit ≥50% inhibition were considered
to be active against the enzyme.

Statistical analyses

The assays were performed with three trials, with 4 replicates per
trial. The enzyme inhibitory activities are presented as average ±
standard deviation. IBM SPSS Statistics 26 was used to conduct the
statistical analysis of the assay data. One-sample Kolmogorov-
Smirnov test was done to check the normality of the distribution
of slopes for each replicate, followed by Levene’s test to check the
equality of the variances from the different test groups. Brown-
Forsythe and Welch tests were done afterward, since the variances
were unequal (p < 0.05). The data was then analyzed using Tamhane
T2 - One-way ANOVA with unequal variances to check if the
samples are considered active. Grubbs’ test (Graphpad outlier
calculator) was used to determine any outliers in the replicates.
GraphPad Prism 9 was used to calculate the IC50 values. The results
of the statistical analyses of the assay data can be found in
Supplementary Table S3–8.

Dereplication through Ultra-High-
Performance Liquid
Chromatography–Tandem Mass
Spectrometry (UHPLC-MS/MS)

The UHPLC-MS/MS analysis and dereplication procedures
were optimized in the laboratory and adapted from previous
protocols (Junio et al., 2019).

Fractions were dissolved in LC-MS grade methanol (Merck) at a
concentration of 500 μg/mL. The sample solutions were centrifuged,
and the supernatants were transferred to LC-MS-certified vials
(Waters). UHPLC-MS experiments were conducted on a Waters
H-Class series system with a Xevo G2-XS quadrupole time of flight
(QToF) mass spectrometer. A 0.3 mL/min flow rate was used with
an Acquity UPLC HSS T3 1.8 µm (2.1 × 100 mm) column (Waters).
The mobile phase was composed of varying ratios of LC-MS grade
acetonitrile (Merck) and water (Merck), both with 0.1% formic acid.
The composition of the acetonitrile used was as follows: 10% at
0.00–2.00 min, increasing from 10% to 100% at 2.00–8.00 min, 100%
at 8.00–10.00 min, decreasing from 100% to 10% at
10.00–11.00 min, and 10% at 11.00–12.00 min. The injection
volumes used for the samples were 1 µL for the positive mode
and 3 µL for the negative mode.

Base peak intensity (BPI) chromatograms were obtained for
12 min per sample and spectra were acquired in ESI positive and
negative modes within the range of 50–1,200 Da. ESI source
parameters for the positive mode were set as follows: capillary
voltage = 2.80 kV, sampling cone voltage = 40 V, source offset =
80 V, source temperature = 120°C, desolvation temperature = 450°C,
cone gas = 50 L/h, and desolvation gas = 800 L/h. For the negative
mode, ESI source parameters were set as follows: capillary voltage =
1.50 kV, sampling cone voltage = 30 V, source offset = 80 V, source

Frontiers in Pharmacology frontiersin.org05

Fabian et al. 10.3389/fphar.2024.1349725

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1349725


temperature = 120°C, desolvation temperature = 500°C, cone gas =
50 L/h, and desolvation gas = 1000 L/h. Mass spectrometry data
were collected using two modes: MS and data dependent acquisition
(DDA). For the DDA mode, MS/MS acquisition was done on ions
that exceeded an intensity threshold of 1.0 × 105 and 1.0 × 104 for the
positive and negative modes, respectively. A maximum of 10 ions
were selected for MS/MS acquisition from a 0.5-s MS scan. Three
collision energy ramps (15–30 eV, 30–45 eV, and 45–60 eV) were set
to acquire extensive data on the small molecules.

MassLynx v4.1 was used to view and obtain the BPI
chromatograms of the fractions. Peak alignment and conversion
of the RAW data file to mgf file were executed using MSDIAL,
v4.9.221218 (Tsugawa et al., 2015). The data were then uploaded to
the Global Natural Products Social Molecular Networking (GNPS)
platform (Wang et al., 2016) using WinSCP v6.1.1.

The feature-based molecular networking (FBMN) module of the
GNPS platform (Nothias et al., 2020) was used to match the data
acquired using DDAmode with existing spectral databases to obtain
the putative identities of the compounds found in the active
fractions. The criteria for matching were also adapted from a
previous study (Molino et al., 2021) and optimized in the
laboratory. The parameters for the FBMN were set as follows:
precursor ion mass tolerance = 0.02 Da and fragment ion mass
tolerance = 0.50 Da, a maximum of 5.00 for the ppm error, a
minimum cosine score of 0.70, and a minimum of 6 for the matched
fragment ions. The mirror matches of the experimental spectra with
the reference spectra were also considered as criteria for the
determination of the putative hits.

Results

Bioassay-guided fractionation

The preliminary results of the bioassays done on C.
intermedia stem and D. dao bark extracts and fractions can be
found in Supplementary Figures S7-12. The methanolic extract of
C. intermedia stem (12.20% yield) both exhibited α-glucosidase
(AGLUC) (99.91% ± 0.04%) and 15-lipoxygenase-1 (LOX)
(91.44% ± 0.11%) inhibitory activities. Solvent partitioning
was performed on the methanolic extract to separate the
nonpolar, slightly polar, and the polar extracts. C. intermedia
stem ethyl acetate extract was fractionated using VLC because it
exhibited higher inhibition against both AGLUC (99.85% ±
0.03%) and LOX (92.90% ± 0.28%). Moreover, the ethyl
acetate extract also had a higher yield (20.63%) compared to
the hexane extract (5.29%). A total of 15 fractions were produced
from the VLC. Out of the 15 fractions, 5 fractions were active
against AGLUC only, and 1 fraction was active against LOX only.
Six fractions were found to be active against both AGLUC and
LOX and the 13th VLC fraction was selected since it had the
highest yield (26.56%).

SEC was used to further fractionate the 13th VLC fraction.
From this, 31 fractions were generated through isocratic elution.
Thirteen out of the 31 fractions exhibited AGLUC inhibitory
activity only. Eight fractions (fractions 24–31) exhibited
inhibitory activity against both AGLUC (96.57% ± 0.65% to
99.73% ± 0.11%) and LOX (48.26% ± 2.47% to 91.96% ±

0.53%). Upon UHPLC-MS profiling, it was observed that all
eight fractions have almost the same chromatogram. Since all
eight fractions contained all the major peaks, they were pooled
together into 1 fraction. The pooled fraction was then
fractionated using a C18 SPE cartridge, which generated
12 fractions. The first SPE fraction (CINS) was chosen for
dereplication and IC50 screening since it had the highest yield
among the 12 fractions.

The AGLUC and LOX inhibitory activities of D. dao bark
methanolic extract (12.82% yield) were 99.24% ± 0.22% and
99.26% ± 1.16%, respectively. Similar to the C. intermedia stem
ethyl acetate extract, the D. dao bark ethyl acetate extract was
pursued for fractionation since it exhibited high inhibitory
activities against AGLUC (97.02% ± 1.59%) and LOX (97.73% ±
1.12%). Moreover, the D. dao bark ethyl acetate extract also had a
higher yield (18.14%) than the hexane extract (8.87%).

The ethyl acetate fraction was fractionated through VLC.
Out of the 25 VLC fractions of D. dao bark ethyl acetate,
12 fractions were found to be active against AGLUC and
LOX. Two fractions exhibited inhibition against AGLUC
only. The 12th VLC fraction was prioritized due to its high
AGLUC (99.90% ± 0.03%) and LOX (108.22% ± 1.03%)
inhibitory activities.

The 12th VLC fraction was further fractionated through
GCC. Out of the 15 GCC fractions, 11 fractions showed
inhibition against both AGLUC and LOX. One fraction was
active against AGLUC only, and 1 fraction was active against
LOX only. Based on the BPI chromatograms of the fractions
obtained through UHPLC-MS, GCC fractions 6–11 (pooled
GCC fraction 4) were pooled together. The pooled GCC
fraction 4 (DDAB) had the highest yield among all the
pooled fractions. DDAB was also selected for dereplication
and IC50 screening.

Enzyme inhibitory assays

Table 1 summarizes the IC50 results from the enzyme assays that
were done on the prioritized active fractions. The IC50 values
reported here for each sample/control are the average of the
three trials per sample/control.

It can be observed that both CINS and DDAB exhibited
markedly lower IC50 values as compared to acarbose in the
AGLUC inhibition assay. On the other hand, both CINS and
DDAB exhibited greater IC50 values compared to NDGA in the
LOX inhibition assay. This implies that the compounds present in

TABLE 1 IC50 values from enzyme inhibition assays on CINS and DDAB.

Sample IC50 (in µg/mL)

AGLUC LOX

CINS 0.25 ± 0.06 2.57 ± 0.86

DDAB 0.25 ± 0.04 3.58 ± 0.96

Acarbose 129.52 ± 14.01 —

NDGA — 0.64 ± 0.25
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TABLE 2 Putatively identified compounds from CINS using GNPS (GNPSa, PubChemb).

Compound Acquisition
mode

Retention
time (min)

Precursor
Adduct

Experimental
Mass

Monoisotopic
Mass

ppm
error

Cosine
score

1 ellagic acid positive 5.908 [M + H]+ 303.0129 303.01a 9.60a 0.89

303.0141b −3.90b

2 corilaginc positive 5.096 [M + Na]+ 657.0693 657.07a −1.00a 0.87

657.0704b −1.59b

negative 4.932 [M-H]- 633.08362 633.067a 25.93a 0.81

633.0728b 17.11b

3 (1S,2S,6R,7R,9R)-6-
methyl-10,12-

dioxatricyclo [7.2.1.0 <
2,7>]dodec-4-en-8-onec

positive 9.059 [M + H]+ 195.1018 195.102a −1.23a 0.86

195.1021b −1.84b

4 isoscopoletinc positive 5.247 [M + Na]+ 215.0331 215.032a 4.98a 0.77

215.0320b 4.85b

5 2-O-galloylhyperinc positive 5.716 [M + H]+ 617.1143 617.113a 2.04a 0.76

617.1142b 4.86 ×
10−4b

6 oleamidec positive 11.571 [M + H]+ 282.2795 282.279a 1.91a 0.76

282.2797b −0.53b

7 1,2,3,6-tetra-O-galloyl-
beta-D-glucosec

negative 5.502 [M-H]- 787.0974 787.1a −3.26a 0.75

787.0994b −2.53b

cFirst report of putative identification in C. intermedia stem.

FIGURE 1
Chemical structures of compounds from CINS that were putatively identified by dereplication. Ellagic acid (1), corilagin (2), (1S,2S,6R,7R, 9R)-6-
methyl-10,12-dioxatricyclo [7.2.1.0 < 2,7>]dodec-4-en-8-one (3), isoscopoletin (4), 2-O-galloylhyperin (5), oleamide (6) and 1,2,3,6-tetra-O-galloyl-
beta-D-glucose (7).
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these fractions are more potent inhibitors of AGLUC compared to
acarbose but are less potent inhibitors of LOX compared to NDGA.

Dereplication

Multiple compounds were putatively identified through the
dereplication of CINS and DDAB. These compounds are
summarized in Table 2; Figure 1 for CINS, and Table 3;
Figure 2, 3 for DDAB.

Based on the dereplication results, a literature search was
conducted on the putative hits for both CINS and DDAB to see
whether there have been previous studies on their antidiabetic and/
or anti-inflammatory activities, which might explain the fractions’
bioactivities that were observed in the enzyme inhibition assays.

Ellagic acid (compound 1) is a phenolic compound that was
previously identified in the hexane fraction from the methanolic
extract of C. intermedia leaves and roots (Chang et al., 1996), and
can be found in numerous plants such as the leaves of Tectaria
subtriphylla (Hook. and Arn.) Copel. (Feng-Lin and Jhy-Yih, 1993),
the leaves and bark of Acer negundo L. (Saleh et al., 1969), and the
bark of Mallotus japonicus (L.f.) Müll.Arg. (Yoshida et al., 1982). It
also has anti-diabetic and anti-inflammatory properties (Ríos et al.,
2018). More specifically, it was found to exhibit inhibitory activity

against AGLUC with an IC50 value of 2.18 μg/mL (You et al., 2012).
Its anti-inflammatory mechanisms include the inhibition of
lipopolysaccharide (LPS)-induced nitric oxide (NO),
prostaglandin E2 (PGE2), and interleukin-6 (IL-6) production
(BenSaad et al., 2017). Compound 1 was putatively identified
from both CINS and DDAB fractions.

Corilagin (compound 2) is a hydrolysable tannin that was
previously isolated from the shoot of Geranium thunbergii
Siebold & Zucc. (Okuda et al., 1975), the roots of
Phyllanthus emblica L. (Zhang et al., 2000) and the leaves of
Phyllanthus niruri L. (Colombo et al., 2009). In addition, it was
also isolated from the leaves of Terminalia macroptera Guill.
and Perr. and exhibited AGLUC and LOX inhibitory activities
with IC50 values of 2.58 ± 0.08 µM and 41 ± 4 μM, respectively
(Pham et al., 2014).

For (1S,2S,6R,7R, 9R)-6-methyl-10,12-dioxatricyclo [7.2.1.0 <
2,7>]dodec-4-en-8-one (compound 3), no previous studies have
been conducted which quantified its antidiabetic properties using
the AGLUC inhibition assay, and its anti-inflammatory activity
using the LOX inhibition assay. Furthermore, this compound has
not been previously identified from a plant source.

Isoscopoletin (compound 4) is a hydroxycoumarin that has been
isolated from various plants such as the aerial parts of Tagetes lucida
Cav. (Céspedes et al., 2006), Euphorbia hirta L. (Wu et al., 2012) and

TABLE 3 Putatively identified compounds from DDAB using GNPS (GNPSa, PubChemb).

Compound Acquisition
mode

Retention
time (min)

Precursor
Adduct

Experimental
Mass

Monoisotopic
Mass

ppm
error

Cosine
score

1 ellagic acid negative 5.708 [M-H]- 301.0005 300.999a 4.97a 0.82

300.9984b 7.00b

6 oleamidec positive 11.596 [M + H] 282.2795 282.279a 1.91a 0.81

282.2797b −0.53b

8 7,2′,3′-
trimethoxyflavanonec

positive 9.091 [M + Na]+ 337.1041 337.105a −2.79a 0.91

337.1052b −3.36b

9 abscisic acid positive 6.845 [M + H-H2O] 247.1331 247.133a 0.40a 0.89

247.1334b −1.29b

10 pseudoanisatinc positive 6.57 [M + Na]+ 321.1318 321.131a 2.40a 0.83

321.1314b 1.13b

11 1,3,6-tri-O-galloyl-
beta-D-glucosec

positive 5.418 [M + Na]+ 659.0850 659.09a −7.56a 0.78

659.0860b −1.54b

negative 1.042 [M-H]- 635.0891 635.089a 0.19a 0.77

635.0884b 1.06b

12 1,2,4,6-tetra-o-galloyl-
beta-D-glucosec

positive 5.627 [M + H]+ 789.1142 789.115a −1.01a 0.70

789.1150b 1.07b

13 pyrocatechuic acidc negative 2.952 [M-H]- 153.0184 153.019a −3.89a 0.86

153.0188b 2.57b

14 pyrogallolc negative 1.56 [M-H]- 125.0233 125.024a −8.18a 0.76

125.0239b 4.71b

cFirst report of putative identification in D. dao bark.
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from the stem wood of Zanthoxylum integrifoliolum (Merr.) Merr.
(Chen et al., 2007). Furthermore, it also has antidiabetic activities
that is exemplified by a variety of mechanisms such as the inhibition
of advanced glycation end products formation (IC50 = 18.78 ±

0.50 µM) (Jung et al., 2012). Moreover, it also exhibited
inhibitory activities towards α-amylase, maltase, and sucrase with
% inhibition values of 0.2%, 32.2%, and 20.9%, respectively, at a
concentration of 400 µM (Kato et al., 2008). Its anti-inflammatory

FIGURE 2
Chemical structures of compounds from DDAB that were putatively identified by dereplication. Ellagic acid (1), oleamide (6), 7,2′,3′-
trimethoxyflavanone (8), abscisic acid (9), and pseudoanisatin (10).

FIGURE 3
Chemical structures of compounds from DDAB that were putatively identified by dereplication. 1,3,6-tri-O-galloyl-beta-D-glucose (11), and
1,2,4,6-tetra-O-galloyl-beta-D-glucose (12), pyrocatechuic acid (13) and pyrogallol (14).
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properties can be attributed to its ability to inhibit LOX (IC50 =
15.1 µM) (Deng et al., 2007).

2-O-galloylhyperin (compound 5) is a flavonoid glycoside
that was isolated from the aerial parts of Rubus amabilis Focke
(Chen et al., 2001), Pyrola incarnata (DC.) Fisch. ex Freyn
(Yazaki et al., 1989), Euphorbia lunulata Bunge (Nishimura
et al., 2005) and the leaves of Eucalyptus globulus Labill. (Park
et al., 2023).

Oleamide (compound 6) is a fatty acid amide that is found in
numerous plants such as the stem of Desmos cochinchinensis Lour.
Sun et al. (1995), the leaves of Polygonum maritimum L. (Rodrigues
et al., 2017) and the leaves of Lithocarpus polystachyus (Wall. ex A.
DC.) Rehder (Fang et al., 2022). It was reported with an IC50 value of
30.69 ± 1.47 μg/mL against AGLUC (Fang et al., 2022). Moreover, it
demonstrated anti-inflammatory effects through various
mechanisms such as the inhibition of LPS-induced nuclear factor
kappa B (NF-κB) activation (Oh et al., 2010) and the suppression of
p38, ERK, and PI 3-kinase/Akt and ROS accumulation (Moon et al.,
2018). Compound 6 was putatively identified from both CINS and
DDAB fractions.

1,2,3,6-tetra-O-galloyl-beta-D-glucose (compound 7) is a tannin
that was putatively identified in Corchorus olitorius L. leaf extract
through UHPLC-MS (Alara et al., 2023). It was also isolated from
the stem bark of Bersama abyssinica subsp. abyssinica and Bersama
abyssinica subsp. paullinioides (Nyamboki et al., 2021) and the
leaves and branches of Phyllanthus emblica L. Zhang et al. (2002).

7,2′,3′-trimethoxyflavanone (compound 8) is a flavanone.
Flavanones are responsible for the bitter taste of citrus peels and
fruits, and they exhibit antioxidant, anti-inflammatory, blood lipid-
lowering, and cholesterol-lowering properties (Panche et al., 2016).

Abscisic acid (compound 9) is an isoprenoid phytohormone that
is responsible for several regulatory plant functions such as growth.
It can be found in numerous plants such as the leaves of
Cinnamomum subavenium Miq. Kuo et al. (2008) and the
epiphyte, Cuscuta pentagona Engelm (Kimura et al., 1982).
Moreover, this compound can be a promising treatment for
diabetes as it regulates glucose uptake in vitro and can stimulate
insulin production in beta pancreatic cells (Xu et al., 2018). In
addition, it was found that abscisic acid intake reduces
neuroinflammation (Jeon et al., 2020) and colon inflammation
(Guri et al., 2011).

Pseudoanisatin (compound 10) is a lactone that was isolated
from various Illicium species. It was isolated from the leaves of
Illicium parviflorum Michaux ex Ventenat (Schmidt, 1999) and the
pericarps of Illicium oligandrum Merr. and Chun (Zhu et al., 2009)
and Illicium dunnianum Tutcher (Jianmei and Chunshu, 1996).

1,3,6-Tri-O-galloyl-beta-D-glucose (compound 11) is a
glycoside which was isolated from the leaves of Terminalia
bellirica (Gaertn.) Roxb. (Kim et al., 2018; Manome et al., 2022).

Similarly, 1,2,4,6-tetra-O-galloyl-beta-D-glucose (compound
12) is another glycoside that was isolated from the leaves of
Phyllanthus emblica L. (Zhang et al., 2000), the fresh pericarps of
Juglans sigillata Dode (Si et al., 2011) and the leaves of Melastoma
malabathricum L. (Yoshida et al., 1982).

Pyrocatechuic acid (compound 13) is a phenolic acid which was
isolated from the ethyl acetate extract of Mangifera casturi bark
(Pardede and Koketsu, 2016). Pyrocatechuic acid was also isolated

from the fruit extract of Flacourtia inermis Roxb (George
et al., 2011).

Pyrogallol (compound 14) belongs to the class of phenols and
has been previously isolated from the stem and bark of Barringtonia
asiatica (L.) Kurz (Umaru, 2020). It was also isolated from the
rhizomes of Bergenia ciliata (Haw.) Sternb (Zafar et al., 2019). In a
previous study, the interaction of pyrogallol with AGLUC was
evaluated through computational simulations and it was found
that pyrogallol inhibits AGLUC with an IC50 value of 0.72 ±
0.051 mM (Zheng et al., 2018). Pyrogallol was also found to have
an IC50 value of 8.7 mM against LOX (Yasumoto, Yamamoto, and
Mitsuda, 1970).

There have been no previous studies conducted that quantified
antidiabetic properties using the AGLUC inhibition assay, and anti-
inflammatory activity using the LOX inhibition assay for
compounds 3, 5, 7, and 10–13.

Discussion

Asthma and diabetes are two noncommunicable diseases which
affect a significant portion of the global population. Glucose
metabolism disorders (which ultimately lead to diabetes) have
been identified as potential risk factors for the exacerbation of
asthma symptoms and the development of severe asthma (Wu,
2020). These disorders cause changes in the lungs similar to those
caused by asthma, mainly through a pathway involving insulin
excess. Similarly, chronic airway inflammation has been
postulated to increase the risk of T2DM. In a large study of
middle-aged and older women in the USA, it was found that
women with preexisting asthma had a higher risk of developing
T2DM, independent of traditional diabetes risk factors (Song
et al., 2010).

It has been identified that there is a significant association
between the occurrence of asthma and T2DM (Uppal et al.,
2023). The NF-κB signaling pathway is believed to cause asthma.
NF-κB regulates the expression of certain proinflammatory
molecules which cause low-grade inflammation, indicated by
increased levels of IL-6, tumor necrosis factor (TNF), C-reactive
protein (CRP), and adhesion molecules (Liu, 2007; Edwards et al.,
2009, as cited in Uppal et al. (2023)). Low-grade inflammation has
been identified as a major contributor to the development of T2DM.
It is speculated that the eventual manifestation of diabetes is due to
the development of insulin resistance in the liver, smooth muscle,
and vascular endothelium influenced by increased circulating levels
of certain inflammatory cytokines, which is in turn caused by
chronic airway inflammation.

Human arachidonic acid 15-lipoxygenase (ALOX15 or 15-LOX
or 12/15-LOX) is a heme-free dioxygenase which catalyzes the
formation of hydroperoxy derivatives via the peroxidation of
certain polyunsaturated fatty acids. ALOX15 has been found to
promote inflammation by metabolizing linoleic acid to 13(S)-
hydroperoxyoctadecenoic acid, which then activates NF-κB
(Dwarakanath et al., 2004, as cited in He et al. (2023)). It has
also been found that ALOX15 metabolites, such as 12S-
hydroxyeicosatetraenoic acid, can stimulate the expression of IL-6
and TNF-α in a dose-dependent manner (Wen et al., 2007, as cited
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in He et al. (2023)), which indicates that ALOX15 can induce
inflammatory cascades.

ALOX15 is more highly expressed in airway epithelial cells
where it regulates the secretion of mucus, and releases
chemokines that act on immune cells, ultimately enhancing pro-
inflammatory signaling pathways related to airway inflammatory
diseases. In particular, ALOX15 promotes eosinophilic
inflammation, the migration of immune cells, and the remodeling
of the airway (Xu et al., 2021). It has been hypothesized that
ALOX15 inhibitors have the potential to be used as treatments
for airway inflammatory diseases, including asthma. ALOX15 and
its metabolites have also been implicated in the pathology and
mechanism of T2DM, which may be related to the effect of
ALOX15 on islet cell and macrophage functions, (He et al.,
2023), as well as in serious complications that arise from the
disease, such as diabetic retinopathy, peripheral neuropathy, and
nephropathy (Singh and Rao, 2019). This implies that
ALOX15 inhibitors may also be explored as a possible treatment
for T2DM and/or its complications. Compounds or extracts that
inhibit both ALOX15 and α-glucosidase might be possible new
sources of treatments for T2DM and asthma, especially for women.

In this study, a framework utilizing bioassay-guided
fractionation combined with dereplication through UHPLC-MS/
MS and database searching was used. Bioactive fractions from C.
intermedia stem and D. dao bark were generated, and dereplication
of the bioactive fractions through UHPLC-MS/MS analysis and
database searching via GNPS were conducted. A literature search on
the putatively identified compounds from dereplication was then
performed to see whether there have been previous studies on their
antidiabetic and/or anti-inflammatory activities, which might
explain the bioactivity of the fractions that were observed in the
enzyme inhibition assays.

The putatively identified compounds from CINS are presented
in Table 2; Figure 1.

This is the first report of compounds 2 to 7 being putatively
identified in C. intermedia stem. This is also the first report of
compound 1 being putatively identified in C. intermedia stem, as it
was only previously extracted from the leaves and roots of the plant
(Chang et al., 1996).

Compounds 1, 2, and 6 were previously reported to exhibit
inhibitory activity against AGLUC, with reported IC50 values of
compounds 1, 2, and 6 being 2.18 μg/mL, 2.58 ± 0.08 µM (or

1.63701 ± 0.03 μg/mL), and 30.69 ± 1.47 μg/mL, respectively
(You et al., 2012; Pham et al., 2014; Fang et al., 2022).
Compounds 4 and 5 have not been previously reported to have
inhibitory activity against AGLUC. However, compound 4 has been
reported to have inhibitory activity against α-amylase, maltase, and
sucrase (Kato et al., 2008). A compound closely related to compound
5, hyperin, differing by the removal of the galloyl moiety, exhibited
inhibitory activity against AGLUC with an IC50 of 19.26 μg/mL
(Zhang et al., 2013). The previously reported IC50 values of
compounds 1, 2, and 6 are all greater compared to the observed
IC50 value of CINS against AGLUC.

Compounds 2 and 4 were previously reported to exhibit
inhibitory activity against LOX, with their reported IC50 values
being 41 ± 4 µM (or 26.01 ± 2.5 μg/mL) and 15.1 µM (or 2.902 μg/
mL), respectively (Deng et al., 2007; Pham et al., 2014).

The putatively identified compounds from the dereplication of
DDAB are shown in Table 3; Figure 2, 3.

This is the first report of compounds 6, 8, and 10–14 being
putatively identified in D. dao bark.

From the compound hits of the dereplication results of DDAB,
only compound 6 was previously reported to exhibit inhibitory
activity against AGLUC with an IC50 value of 30.69 ± 1.47 μg/mL
(Fang et al., 2022). It was previously reported that the methanolic
extract from D. dao bark has been shown to possess AGLUC
inhibitory activity, with an IC50 value of 3.24 μg/mL (Yusro
et al., 2016).

Only one of the putatively identified compounds from DDAB
(compound 14) was found to have previous studies which quantified
their anti-inflammatory activity using the LOX inhibition assay,
with an IC50 value of 8.7 mM (Yasumoto et al., 1970).

Previous studies have reported IC50 values of some of the
putatively identified compounds in CINS and DDAB. The
differences between IC50 values obtained in this study for
fractions CINS and DDAB, and IC50 values from previous
studies on the putatively identified compounds are shown in Table 4.

It is observed that the previously reported IC50 values of the
putative compounds are greater than the obtained IC50 values for
CINS and DDAB. This implies that the compounds in fractions
CINS and DDAB might be acting in synergy to inhibit AGLUC and
LOX at lower concentrations. In addition, other compounds present
in CINS and DDAB that were unidentified through dereplication
may also be responsible for the observed activity of the fractions

TABLE 4 Differences between IC50 values from enzyme inhibition assays on CINS and DDAB and previously reported IC50 values of putative hits.

Fraction/Compound Putatively identified in IC50 (in µg/mL)

AGLUC LOX

CINS — 0.25 ± 0.06 2.57 ± 0.86

DDAB — 0.25 ± 0.04 3.58 ± 0.96

ellagic acid (compound 1) CINS, DDAB 2.18 You et al. (2012) N/A

corilagin (compound 2) CINS 1.63701 ± 0.03 Pham et al. (2014) 26.01 ± 2.5 Pham et al. (2014)

isoscopoletin (compound 4) CINS N/A 2.902 Deng et al. (2007)

oleamide (compound 6) CINS, DDAB 30.69 ± 1.47 Fang et al. (2022) N/A

pyrogallol (compound 14) DDAB N/A 1.097 × 103 Yasumoto et al. (1970)
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against AGLUC and LOX. It can be observed in the chromatogram
traces of CINS and DDAB (Supplementary Figures S2–S3, S5–S6)
that not all peaks are accounted for when compared to the putative
hits from the dereplication results. Further fractionation of these
active fractions may lead to more potent bioactivities observed in the
enzyme assays since the fractions still contain multiple compounds.
Further purification of the bioactive fractions is also necessary to
ascertain if the bioactivity observed for the fractions is due to a
synergistic effect or if an unidentified compound is responsible for
the observed bioactivity.

From the dereplication compound hits and the literature search
that was conducted, corilagin (compound 2) was identified as the
only compound having been previously reported to be active against
both AGLUC and LOX, having IC50 values of 2.58 ± 0.08 µM against
AGLUC and 41 ± 4 µM against LOX (Pham et al., 2014). Corilagin
(compound 2) is a gallotannin that has been extensively studied and
was shown to exhibit several pharmacological activities (Li
et al., 2018).

Corilagin was found to significantly reduce the production of
some proinflammatory cytokines and mediators and was also found
to reduce cyclooxygenase-2 expression at both the protein and gene
level (Zhao et al., 2008, as cited in Li et al. (2018)). Streptozotocin-
induced diabetic rats that were treated orally with corilagin were
shown to have reduced fasting blood glucose levels compared to the
diabetic control rats at the end of the study, similar to the level by
which glibenclamide reduced the FBG levels (Nandini and Naik,
2019). Corilagin was found to reduce airway inflammation and
collagen deposition in ovalbumin-induced asthmatic mice via the
adenosine monophosphate-activated protein kinase pathway (Jin
and Yi, 2023). In mice fed with a high fat diet (HFD) to induce
nonalcoholic fatty liver disease (NAFLD), treatment with corilagin
was found to reduce HFD-induced accumulation of fat in the liver
and liver injury, improved plasma lipid concentrations, as well as
improve other metabolic disorders associated with NAFLD, such as
glucose intolerance and insulin resistance in HFD-fed mice (Liao
et al., 2022). Corilagin has been found to exhibit antitumor activities
against different cancer cell lines, both in vitro and in vivo (Li et al.,
2018). Corilagin was also found to inhibit the binding of the spike
receptor binding domain (spike-RBD) of SARS-CoV-2 virus to
human angiotensin-converting enzyme 2 (hACE2) in a dose-
dependent manner (Yang et al., 2021). This indicates that
corilagin interferes with the fusion of spike-RBD and hACE2 and
implies that corilagin may be considered as a potential candidate as
an inhibitor for the entry of SARS-CoV-2. In safety tests, corilagin
was found to have had almost no toxic effects on normal cells or
tissues (Li et al., 2018).

Based on these previous findings, it is strongly recommended
that corilagin be further studied as a potential new treatment for
people living with diabetes and/or asthma, especially for women,
and perhaps for other diseases as well, such as NAFLD, cancer, and
COVID-19.

It must be acknowledged that the current study has several
limiting factors. First, the samples which were tested (CINS and
DDAB) for their bioactivity against AGLUC and LOX are only
subfractions from plant extracts, and not purified compounds. The
identity of the compound/s from the subfractions which are
responsible for the observed bioactivity against the bioassays
conducted cannot be confirmed with absolute certainty at this

point in time. It is recommended that the active compound/s
responsible for the bioactivity are purified and isolated further in
future studies.

Second, the study only used in vitro enzymatic assays to
determine the bioactivity of the samples, in contrast to in vivo,
ex vivo, or in vitro cell based assays. In our research group, only
in vitro enzymatic assays are carried out for all samples. In vitro
assays, in general, are faster and require less of the sample to work
with, but in vivo assays are preferred because they more closely
mimic clinical conditions while also providing toxicity data (Sarker
and Nahar, 2012). It is recommended that the bioactive
subfractions that were identified in this study, as well as the
putatively identified compounds from these subfractions, should
be tested against in vivo bioassays (or in vitro cell-based assays) for
their anti-diabetic, anti-inflammatory, or anti-asthmatic activity.
Multiple animal models can be used for in vivo testing of the anti-
diabetic (King, 2012), anti-inflammatory (Patil et al., 2019), and
anti-asthmatic (Kianmeher et al., 2016) activity of a compound or
an extract.

Finally, although compounds from CINS and DDAB were
identified, the identities of these compounds are only putative at
this point. Dereplication by LC-MS/MS does not provide
information on the configuration or constitution of a
molecule based solely on the molecular ion match or
fragmentation pattern match (Zani and Carroll, 2017).
Hyphenated techniques also do not consider configurational
isomerism within a molecule. The information gathered from
dereplication using LC-MS/MS data by database searching is also
limited by the compounds and spectra which are actually listed in
the database. For example, the compound libraries hosted on
GNPS which are used for spectral matching contain a multitude
of compounds and reference spectra (221,000 reference library
spectra from 18,163 compounds) (Wang, et al., 2016). However,
it can still be limiting in the sense that it cannot account for the
majority of compounds which may be produced by terrestrial
plants. A single plant species is estimated to produce between
5,000 to tens of thousands of compounds, and collectively all
plant species are estimated to produce between 100,000 and
1,000,000 compounds (Fang et al., 2019). Again, further
purification of the identified bioactive subfractions must be
carried out, along with structural identification using other
characterization techniques to establish the identity of the
bioactive component/s.

Conclusion

This study aimed to determine potential anti-diabetic and
anti-inflammatory bioactive hits from C. intermedia stem and D.
dao bark. Bioactive fractions from C. intermedia stem and D. dao
bark were generated, and dereplication through UHPLC-MS/MS
and database searching was performed. Seven compounds were
putatively identified from the C. intermedia stem active fraction,
and six of these compounds were putatively identified from this
plant for the first time. Nine compounds were putatively
identified from the D. dao bark active fraction, and seven of
these compounds were putatively identified from this plant for
the first time. One putative compound from the C. intermedia
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stem active fraction (corilagin) has been previously reported to
have inhibitory activity against both AGLUC and LOX. It is
suggested that corilagin should be prioritized in further studies
on new therapeutics which target the treatment of T2DM and/or
asthma because of its dual inhibitory activity against AGLUC and
LOX, as well as its several beneficial pharmacological activities
and low reported toxicity.
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