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ABSTRACT

Paramignya trimera or “XA0 TAM PHAN,”” a traditional medicinal plant native to Vietnam, has
been utilized in Asian countries for its therapeutic properties. The primary objective of this research was
to isolate bioactive compounds from the leaves of P. trimera using a bio-guided routine based on
antioxidant properties. The free radical DPPH scavenging activity of various extracts was evaluated, and
the most active extract, extract EA, was selected for further chemical investigation. Three compounds,
namely luteolin (1), scopoletin (2), and ostruthin (3), were isolated from the extract EA of Paramignya
trimera leaves. The chemical structures of these compounds were elucidated by comparing their
spectroscopic data with previously reported literature data. Upon the free radical DPPH scavenging
activity, compound 2 exhibited strong activity with an 1Cs value of 7.1 uM.
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1.  Introduction

Paramignya trimera (Oliv.) Burkill (Rutaceae) is especially prevalent in Southern
Vietnam, known for its therapeutic properties in treating hepatitis and liver cancer (Phi et
al., 2020). It is noted that minor morphological differences between the genera Paramignya
and Luvunga, and suggested that P. trimera may be placed within Luvunga (Phi et al., 2020).
In Vietnam, however, this species is still widely known as P. trimera and commonly referred
to as “Xao tam phan” (T. H. Tran et al., 2023). Phytochemical studies of P. trimera in
Vietnam indicated the presence of bioactive phytochemicals. Recent reports of its stems and
roots have found 22 coumarin-type compounds, 4r acridone-type alkaloids, and many known
compounds (Dang et al., 2017; M. T. T. Nguyen et al., 2018; V. Nguyen & Scarlett, 2019;
V. T. Nguyen et al., 2015; Quan et al., 2021; Trinh et al., 2020). Coumarins and alkaloids
selectively induced apoptosis in human breast cancer stem cells (Quan et al., 2021; Piao et
al., 2021; H. X. Nguyen et al., 2024) and modest alpha-glucosidase inhibition (Dang et al.,
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2017; M. T. T. Nguyen et al., 2018; Quan et al., 2021; Trinh et al., 2020). The discoveries
of P. trimera leaves are limited. V. T. Nguyen et al. (2017) used microwave drying without
isolation to study the antioxidant and anti-proliferative activities of P. trimera leaves. They
found the total phenolic and flavonoid content, proanthocyanidin and saponin content, and
isolated five compounds similar to those in the stems and roots. In addition, the essential oil
from the leaves has been reported to contain 43 constituents (H. T. Nguyen et al., 2024; T.
Nguyen et al., 2024; Le et al., 2020; Doan et al., 2019). Besides, five flavonoids and three
apotirucallanes were isolated from leaves of P. trimera (Tran D. et al., 2023; T. H. Tran et al.,
2023). Notably, leaf extracts were reported to contain higher total phenolic and flavonoid
contents than extracts from other parts of the plant (H. T. Nguyen et al., 2024).

The primary objective of this research was to identify antioxidant compounds (Figure
1) through a bio-guided approach based on TPC, TFC, and DPPH scavening activity. This
systematic investigation examined the antioxidant potentials of P. trimera leaves.
2.  Experimental
2.1. Plant material

Leaves of Paramignya trimera (Oliv.) Burkill were collected in June 2024 from Cu
Chi District, Ho Chi Minh City, Vietnam. The plant material was identified by Associate
Professor Van Son Dang (Ho Chi Minh City Institute of Tropical Biology). A voucher
specimen (UE-P017A) was deposited in the herbarium of the Department of Organic
Chemistry, Ho Chi Minh City University of Education.
2.2. Extraction and isolation

Air-dried leaves of P. trimera (2.2 kg) were powdered and extracted with MeOH (3 x
12 L) at room temperature. The combined filtrates were concentrated under reduced pressure
to afford a crude extract (390 g). This extract was suspended in water and successively
partitioned with n-hexane and ethyl acetate to yield the n-hexane extract (H, 110 g), ethyl
acetate extract (EA, 88 g), and water extract (W, 170 g). The isolation procedures for
compounds 1-3 from the crude MeOH extract are summarized in Scheme 1.

@ ) 3)
Figure 1. Chemical structures of isolated compounds 1-3
e Luteolin (1). Light-yellow amorphous powder. *H-NMR data *H-NMR data (500
MHz, Acetone-ds, 65 ppm, J in Hertz): 13.02 (1H, s, 5-OH), 6.58 (1H, s, H-3), 6.25 (1H, d,
J=2.0 Hz, H-6), 6.52 (1H, d, J = 2.0 Hz, H-8), 7.50 (1H, d, J = 2.5 Hz, H-27), 7.47 (1H, dd,
J=25,85Hz, H-6%), 7.00 (1H, d, J = 8.5 Hz, H-5’). The NMR data of 1 were consistent
with the literature (Lin et al., 2015). ESI-MS: [M+H]" 287.05 (calcd. for C15H1106, 287.06).
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e Scopoletin (2). Light-yellow amorphous powder. *H-NMR data (500 MHz, Acetone-
ds, 55 ppm, J in Hertz): 6.18 (1H, d, J = 9.5 Hz, H-3), 7.85 (1H, d, J = 9.5 Hz, H-4), 7.20
(1H, s, H-5), 6.80 (1H, s, H-8), 3.90 (3H, s, 6-OMe). 1*C-NMR data (125 MHz, Acetone-ds,
d¢c ppm): 160.3 (C-2), 112.5 (C-3), 143.6 (C-4), 109.1 (C-5), 144.9 (C-6), 55.7 (6-OMe),
154.1 (C-7), 102.8 (C-8), 150.9 (C-9), 111.2 (C-10). The NMR data of 2 were consistent
with the literature (Duong et al., 2024).

e Ostruthin (3). Yellow amorphous powder. *H-NMR data (500 MHz, Acetone-ds, &y
ppm, J in Hertz): 6.12 (1H, d, J = 9.5 Hz, H-3), 7.79 (1H, d, J = 9.5 Hz, H-4), 7.30 (1H, s,
H-5), 6.76 (1H, s, H-8), 3.34 (2H, d, J = 7.5 Hz, H-11), 5.36 (1H, tq, J = 7.5, 1.5 Hz, H-12),
2.12 (2H, m, H-14), 2.05 (2H, m, H-15), 5.10 (1H, m, H-16), 1.63 (3H, s, H3-18), 1.71 (3H,
s, H3-19), 1.56 (3H, s, H3-20), 9.57 (1H, s, 7-OH). 3C-NMR data (125 MHz, Acetone-ds,
d¢ ppm): 161.3 (C-2), 112.6 (C-3), 144.8 (C-4), 129.2 (C-5), 126.7 (C-6), 159.6 (C-7), 102.7
(C-8), 155.1 (C-9), 112.6 (C-10), 28.2 (C-11), 122.7 (C-12), 137.1 (C-13), 40.0 (C-14), 27.3
(C-15), 125.0 (C-16), 131.7 (C-17), 25.9 (C-18), 16.2 (C-19), 17.7 (C-20). The NMR data
of 3 were consistent with the literature (Duong et al., 2016).
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Scheme 1. Isolation procedure of compounds 1-3 from P. trimera leaves
2.3. Total Phenolic Contents (TPCs)
The analysis of TPC was conducted using a procedure with some modifications
(Duong et al., 2024).
2.4. Total Flavonoid Contents (TFCs)
The TFC in the P. trimera extracts were evaluated following AICIz colourimetric
method modified with some modifications (Duong et al., 2024).
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2.5. DPPH free radical scavenging activity

The free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity of extracts
and compounds was evaluated according to (Duong et al., 2024).

3. Results and discussion

Compound 1 was obtained as a light-yellow amorphous powder. The *H-NMR spectrum
of 1 showed seven proton signals, including a hydrogen-bonded hydroxy group signal at on
13.02 (1H, s, 5-OH), two meta-coupled protons at o1 6.25 (1H, d, J = 2.0 Hz, H-6), 6.52 (1H, d,
J = 2.0 Hz, H-8), and an olefinic proton at 54 6.58 (1H, s, H-3). In addition, the H-NMR
spectrum of 1 also showed a presence of a 1,2,4-trisubstituted aromatic ring [7.50 (1H,d, J=2.5
Hz, H-27), 7.47 (1H, dd, J = 2.5, 8.5 Hz, H-6"), 7.00 (1H, d, J = 8.5 Hz, H-5")]. A comprehensive
comparison of H- and *C- NMR data obtained from 1 and luteolin demonstrated the
consistency of the results. Consequently, 1 was successfully elucidated as luteolin.

Compound 2 was obtained as a light-yellow amorphous powder. The ‘H-NMR
spectrum of 2 showed signals of methoxy group [s4 3.90 (3H, s, 6-OMe)]; two singlet
aromatic protons [y 6.80 (1H, s, H-8) and 7.20 (1H, s, H-5)] and two olefinic protons
coupled to each other [o4 6.18 (1H, d, J = 9.5 Hz, H-3 and 7.85 (1H, d, J = 9.5 Hz, H-4)].
The ¥C-NMR spectrum of 3 revealed signals for ten carbons, including a carboxyl ester
carbon 160.3 (C-2), four methine carbons [112.5 (C-3), 143.6 (C-4), 109.1 (C-5), 102.8 (C-
8)], four substituted aromatic carbons [144.9 (C-6), 154.1 (C-7), 150.9 (C-9), 111.2 (C-10)],
and one methoxy carbon [dc 55.7 (6-OMe)]. A comprehensive comparison of *H- and *3C-
NMR data obtained from 2 and scopletin demonstrated the consistency of the results.
Consequently, 2 was successfully elucidated as scopletin.

Compound 3 was obtained as a yellow amorphous powder. The *H-NMR spectrum of
3 exhibited the presence of a phenolic group [+ 9.57 (s, 1H, 7-OH)], two singlet aromatic
protons [o4 7.30 (1H, s, H-5) and 6.76 (1H, s, H-8)], and two olefinic protons coupled to
each other [on 6.12 (1H, d, J = 9.5 Hz, H-3 and 7.79 (1H, d, J = 9.5 Hz, H-4)]. These data
were highly similar to those of 2, indicating that 3 was a coumarin. A notable distinction
between 2 and 3 was the alteration of substituents at carbon positions C-6 and C-7. A geranyl
group was characterized by two triplet olefinic protons [615.36 (1H, t, J = 7.5, 1.5 Hz, H-
12), 5.10 (m, H-16)]; three methyls [+ 1.63 (3H, s, H3-18), 1.71 (3H, s, H3-19), 1.56 (3H, s,
H3-20)]; three methylenes [6n 3.34 (d, J=7.5 Hz, 2H, H»-11), 2.12 (2H, m, Hz-14), 64 2.05
(2H, m, H2-15)]. The *C-NMR spectrum of 3 revealed signals for 19 carbons, including
nine carbon signals of a coumarin unit [6c 161.3 (C-2), 112.6 (C-3), 144.8 (C-4), 129.2 (C-
5), 126.7 (C-6), 159.6 (C-7), 102.7 (C-8), 155.1 (C-9), 112.6 (C-10)] and ten carbon signals
of a geranyl group [oc 28.2 (C-11), 122.7 (C-12), 137.1 (C-13), 40.0 (C-14), 27.3 (C-15),
125.0 (C-16), 131.7 (C-17), 25.9 (C-18), 16.2 (C-19), 17.7 (C-20)]. A comprehensive
comparison of NMR data obtained from 3 and ostruthin demonstrated the consistency of the
results. Consequently, 3 was successfully elucidated as ostruthin.

The antioxidant potentials of extracts obtained from P. trimera leaves were assessed,
including total phenolic content (TPCs), total flavonoid content (TFCs), and DPPH
scavenging activity. As shown in Table 1, TPCs and TFCs of extract EA from P. trimera
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are higher than those of extract H and the crude extract. The extract EA exhibited stronger
DPPH scavenging activity, with an 1Cso value of 34.64 pg/mL. Thus, this extract was
selected for chemical analysis. The aforementioned biological characteristics were
consistent with those previously reported on P. trimera leaves. (V. T. Nguyen et al., 2015;
Trinh et al., 2020). Compounds 2-3 were evaluated for the free radical DPPH scavenging
activity. Compound 2 exhibited moderate activity with an 1Cso value of 7.1 uM, while
compound 3 demonstrated no activity. These findings were consistent with those reported in
the literature (Antika et al., 2022; V. T. Nguyen et al., 2015). Compound 1 was previously
hypothesized to possess robust antioxidant properties (Gokbulut et al., 2012).
Table 1. Results of total phenolic Content (TPC), total flavonoid content (TFC),
and free radical DPPH scavenging activity of P. trimera extracts/fractions

Extract TPCs TFCs DPPH
(mg GAE/qg) (mg QE/qg) 1Cso (Mg/mL)
Crude MeOH extract 32.35+1.04 8.09+0.10 49,50 + 2.15
Extract H 20.70 £ 2.58 19.35+0.89 34.72 +14.91
Extract EA 74.99 £ 2.03 73.95+5.54 34.64 £ 5.57
Fraction EA1 52.55 + 6.28 50.46 + 6.67 5.58 + 0.51
Fraction EA2 54.44 +6.72 50.43 +4.81 68.03 + 23.37
Fraction EA3 33.09 +4.48 32.06 +1.33 34.58 + 3.06

Ascorbic acid

(positive control) 1.13+0.21

4.  Conclusions

From the leaves of Paramignya trimera collected in Ho Chi Minh City, three compounds,
namely luteolin (1), scopoletin (2), and ostruthin (3), were isolated from the most active EA extract
through a bioassay-guided procedure. Among them, scopoletin (2) showed notable DPPH radical-
scavenging activity, with an ICsovalue of 7.1 uM. These findings indicate that the leaves of P. trimera
are a promising source of natural antioxidant constituents and merit further phytochemical and
biological investigation.
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TOM TAT

Paramignya trimera hay con dwoc goi la “XA0 TAM PHAN”, mét logi cay thusc cé truyeén
¢ nguon goc tir Viét Nam, da duwoc sit dung ¢ cde nwée chau A vi ddc tinh diéu tri cia nd. Myc tiéu
chinh czia nghién cizu ndy 1a phan ldp cac hop chat hogt tinh sinh hoc tir 14 cia P. trimera bang cach
sir dung quy trinh c6 hiréng dan sinh hoc dira trén hogt tinh chong oxy héa. Hogt tinh sc ché gac tue
do DPPH cuia céc cao chiét da diroe danh gid va cao chiét (cao EA) ¢d hoat tinh tot nhat diroc lira
chon @é phan tich vé héa hoc. Ba hop chdt, cu thé 1a luteolin (1), scopoletin (2), va ostruthin (3)
diroc phan Idp. Cdu tric héa hoc cia cac hop chat nay da duwoc 1am sang té bang cach so sanh dir
liu pho cua ching véi diz liu tai liéu da bdo cdo trude d6. Hop chat 2 thé hién hoat tinh iic ché goc
tr do DPPH manh vai gid tri 1ICs la 7.1 M

Tar khod: antioxidant; DPPH; luteolin; ostruthin; Paramignya trimera; scopoletin

255



