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Abstract

The Calophyllum genus, part of the Calophyllaceae family, produces xanthones as dominant secondary metabolites. Calophyllum
biflorum M.R. Hend. & Wyatt-Sm. is an endemic plant of Kalimantan; however, the potential of its xanthone content and
biological activity has never been explored. In this study, three known prenylated xanthones: gartanin (1), ananixanthone
(2), and a-mangostin (3), were isolated from C. biflorum leaves. Their chemical structures were determined by HRMS and 1D/2D
NMR. The antioxidant activities of xanthones 1-3 (via DPPH radical) and their cytotoxicity toward 4T1 breast cancer cells
were assessed. Xanthones 1-2 showed strong DPPH activity (IC50: 4.40 and 34.34 uM, respectively). Gartanin (1) also exhibited
moderate activity against 4T1 cells (IC50 =16.70 uM). These results indicate the prenylated xanthones from C. biflorum as

antioxidant agents.
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1. INTRODUCTION

Plant biodiversity is very high in Indonesia,
including the genus Calophyllum (Calophyllaceae),
locally known as 'Bintangor'. Data from the World
Flora Online (WFO) Plant List indicate that
approximately 70% of Calophyllum species are
distributed in Southeas Asia, including Indonesia.
Traditionally, the roots, and bark of
Calophyllum have been widely used for wound

leaves,

healing, pain relief, skin care, and the treatment of
various inflammatory and infectious conditions [1]-
[2]. Modern
that
secondary metabolites. These include coumarins
[3]-[4],  Dbiflavonoids [5], triterpenes  [6],
chromanone acids [7]-[9], and xanthones [10]-
[14]. Modern pharmacological studies have
reported that secondary metabolites in Calophyllum

phytochemical  studies  have

revealed Calophyllum  contains  various
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exhibits such as
antimalarial [7], antitumor [15], anti-inflammatory
[16], antituberculosis [17], anticancer [12][13][ 18],
anti-HIV [19], and antioxidant [20] activities. A
a result, Calophyllum has the potential to be

diverse biological activities,

a source of biologically active natural products for
the development of medical therapies.
Xanthones are the main group of phenolic
derivatives  from  Calophyllum.
dibenzo-y-pyrone  core
structure and exhibit a wide range of biological

activities.

They are
characterized by a

Structural variations of Calophyllum
xanthones, such as different substituents, including
prenyl, hydroxyl, geranyl, furan, and pyran groups,
are crucial for controlling the biological activities
of xanthones [10]-[14].
show better cytotoxic and antioxidant properties.

Prenylated xanthones

One of the causes of cancer growth is related to
oxidative stress factors from reactive oxygen
species (ROS). These DNA
mutations, lipid membrane damage, and protein

factors cause
modifications, which ultimately lead to the onset of

various diseases, including Phenolic

compounds such as xanthones can scavenge free

cancer.

radicals and exhibit cytostatic and cytotoxic effects
against various cancer cells. Previous studies have
shown that the number of hydroxyl substituents and
prenyl chains in the xanthone structure increases its
antioxidant activity and cytotoxic properties [20].
Calophyllum biflorum is an endemic plant of

Please cite this article as: F. N. Sari, H. Margasari, L. N. Fitriani, N. I. Ramadhan, M. U. ‘Azmi, M. Tanjung, T. S. Tjahjandarie, and R. D. Saputri. (2026). “Prenylated Xanthones from
Calophyllum biflorum Leaves: Isolation, Structural Characterization, and Evaluation of Antioxidant and Cytotoxic Activities”. Journal of Multidisciplinary Applied Natural Science. https://

doi.org/10.47352/jmans.2774-3047.462


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.47352/jmans.2774-3047.226
https://crossmark.crossref.org/dialog/?doi=10.47352/jmans.2774-3047.462&domain=pdf&date_stamp=2026-07-24
https://creativecommons.org/licenses/by/4.0/

J. Multidiscip. Appl. Nat. Sci.

Figure 1. Xanthones 1-3 of Calophyllum biflorum.

Indonesia, and there have been no previous reports
on xanthone phytochemistry [20]. Therefore, this
study aimed to separate and characterize prenylated
xanthones from C. biflorum leaves. Additionally, it
aimed to assess their cytotoxicity against 4T1 cells
and antioxidant activity against DPPH radicals.

2. MATERIALS AND METHODS

2.1. Materials

Calophyllum biflorum leaves were collected
from Sikui Village, North Barito Regency, Central
Kalimantan, Indonesia, in June 2024. After
collection, they were identified at Herbarium
Bogoriense, BRIN, Cibinong, West Java. The
specimen (CB 20240603) was then stored at the
Natural Product Chemistry Laboratory of Surabaya
State University, Indonesia. The structures of
xanthones 1-3 were analyzed using an NMR
spectrometer (JEOL ECA 400) and a mass
spectrometer (Waters HRESIMS). The maximum
absorption of xanthone derivatives was measured
uv (Thermo
Scientific™). Compounds 1-3 were separated by
radial chromatography (silica gel PF,s4, stationary
phase) and column chromatography (silica gel
PF;s4, stationary ~ phase), and
chromatography, silica gel GFjs4
stationary phase.

using a spectrophotometer

thin-layer
used as the
2.2. Methods

2.2.1. Extraction and Isolation
The leaves of Calophyllum biflorum (1.1 kg)

were extracted with 90% methanol (10 L) for 48 h
[21]-[24]. Using a rotavapor, the solvent was
removed to obtain a concentrated MeOH extract,
which was then partitioned with #»-hexane to
remove non-polar compounds (three times) and
chlorophyll, then partitioned with EtOAc to yield
an ethyl acetate fraction (60 g). Using n-hexane:
EtOAc (7:3 to 1:1 (v/v)), this fraction was separated
using a column chromatograph, allowing for the
three main fractions (A—C). Fraction B (7.70 g),
by radial chromatography on silica gel, three
subfractions (B1-B3) using n-hexane: Chloroform
(9:1 to 1:1 (v/v)). Bl subfraction (53 mg) was
further purified using n-hexane and diisopropyl
ether (9:1 to 7:3 (v/v)), yielding ananixanthone (2)
(13.6 mg). Subfraction B2 (204 mg) was purified
using the same eluent system with ratios ranging
from 7:3 to 1:1 (v/v), producing gartanin (1) (8 mg).
Subfraction B3 (44.7 mg) was further purified using
a mixture of n-hexane and EtOAc (19:1 to 8:2 (v/
v)), yielding a-mangostin (3) (18.4 mg).

2.2.2. Gartanin (1)

UV (CH;0H) Ay (log €) for yellow powder:
349 (3.68), 300 (3.50), 282 (3.95) 222 (4.04), 216
(4.03). HRMS m/z 396.1833 [M]", calculated mass
for Cp3sHyO6 m/z 396.1830. 'H-NMR data, dy
ppm: 1.76 (3H, s, H-14), 1.79 (3H, s, H-19), 1.86
(6H, s, H-15/20), 3.47 (2H, d, J = 8.9 Hz, H-11),
3.52 (2H, d, J= 7.3 Hz, H-16), 5.24 (1H, ¢, J= 6.9
Hz, H-12), 5.29 (1H, ¢, J= 5.8 Hz, H-17), 6.67 (1H,
d, J=8.9 Hz, H-7), 7.23 (1H, d, J=8.9 Hz, H-6),
11.27 (1H, s, 3-OH), 12.35 (1H, s, 8-OH), and
13.19 (1H, s, 1-OH). C-NMR (CDCl;, 100 MHz),
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Sc ppm: 18.1 (C-15/20), 21.7 (C-11), 22.1 (C-16),
25.8 (C-14), 26.0 (C- 19), 102.3 (C-9a), 105.9 (C-
4, 107.3 (C-8a), 109.6 (C-2), 109.9 (C-6), 121.1
(C-17), 122.0 (C-12), 123.0 (C-7), 135.8 (C-5),
134.1 (C-18), 136.5 (C-13), 142.9 (C-10a), 153.9
(C-4a), 158.3 (C-8), 158.8 (C-1), 161.8 (C-3), and
184.8 (C-9).

2.2.3. Ananixanthone (2)

UV (CH;0H) Ao (log €) for yellow powder:
334 (4.12), 270 (4.59), 236 (4.41), 2.16 (4.33), 206
(4.31). HRMS m/z 379.1550 [M+H]", calcd. mass
for Co3Hy305" m/z 379.1545. 'TH-NMR data, oy ppm:
1.48 (6H, s, H-20/21), 1.70 (3H, s, H-14), 1.81 (3H,
s, H-15),3.24 (2H, d,J =7.3 Hz, H-11), 5.23 (1H, t,
J=17.3 Hz, H-12), 5.61 (1H, 4, J=10.0 Hz, H-18),
6.76 (1H, d, J=10.0 Hz, H-19), 7.21 (1H, ¢, J=17.9
Hz, H-7), 7.27 (1H, ¢, J = 7.9 Hz, H-6), 7.75 (1H,
dd, J=1.9; 1.7 Hz, H-8), and 13.17 (1H, s, 1-OH).
BC-NMR (CDCls, 100 MHz), ¢ ppm: 18.1 (C-15),

21.3 (C-11), 26.0 (C-14), 28.3 (C-20/21), 78.2 (C-
17), 100.8 (C-4), 103.3 (C-9a), 112.4 (C-2), 115.1
(C-19), 117.2 (C-8), 120.3 (C-6), 121.3 (C-8a),
122.0 (C-2'), 124.1 (C-7), 127.3 (C-18), 131.8 (C-
13), 144.2 (C-5), 144.4 (C-10a), 149.4 (C-4a),
158.8 (C-3), 160.6 (C-2), and 180.9 (C-9).

2.2.4. a-Mangostin (3)

UV (CH3;0H) Ay (log €) for yellow powder: 244
(4.60), 210 (4.31), 218 (4.41), 258 (4.50), 316
(4.44). HRMS m/z 409.1653 [M-H], calculated
mass for Co4Hys0¢ m/z 409.1651. '"H-NMR data, Jy
ppm: 1.69 (3H, s, H-20), 1.76 (3H, s, H-15), 1.82
(3H, s, H-19), 1.84 (3H, s, H-14), 3.44 2H, d, J =
7.2 Hz, H-11), 3.79 (3H, s, 7-OCH3;), 4.08 (2H, d, J
= 6.4 Hz, H-16), 5.26 (1H, ¢, J = 6.8 Hz, H-17),
5.28 (1H, ¢, J = 6.8 Hz, H-12), 6.28 (1H, s, H-4),
6.80 (1H, s, H-5), and 13.77 (1H, s, 1-OH). "*C-
NMR (CDCl;, 100 MHz), ¢ ppm: 17.1 (C-19),
17.5 (C-14), 21.1 (C-16), 25.0 (C-20), 25.1 (C-15),
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Figure 3. NMR data of gartanin (1).
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Figure 4. HRESIMS spectrum of ananixanthone (2).
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Figure 5. NMR data of ananixanthone (2).

26.1 (C-11), ), 60.5 (7-OCHs), 92.3 (C-4), 101.9 (C-
5), 102.8 (C-9a), 111.1 (C-8a), 110.2 (C-2), 122.6
(C-17), 123.9 (C-12), 130.6 (C-13/18), 136.5 (C-
13), 137.3 (C-8), 143.6 (C-7), 155.4 (C-6), 154.9 (C
-3), 156.6 (C-10a), 160.9 (C-1), 162.1 (C-4a), and
182.0 (C-9).

2.2.5. Cytotoxic Activity

The cytotoxic potential of xanthones 13
toward 4T1  breast cancer cells, using
doxorubicin and 1% DMSO as positive and
negative controls, respectively. The 4T1 cell line
was selected because it is a highly aggressive
murine breast cancer model commonly used for
evaluating potential anticancer agents. In RPMI-
1640 medium, added 1% antibiotics (streptomycin-
penicillin) and 10% FBS, 4T1 cells were cultured and
incubated (5% CO,, 37 °C, 24 h) in 96-well plates.
4T1 cells were harvested at a density of 1x10° cells/

mL. Next, xanthones 1-3 were added at

concentrations of 30, 10, 5, 1, and 0.1 in triplicate.
Cell viability was determined at A 540 nm. The ICs,
values of xanthones 1-3 were calculated by
regression analysis based on 50% growth inhibition
[25]-[28].

2.2.6. Antioxidant Activity

To investigate the potential antioxidant
activity of =xanthones 1-3 against DPPH
radicals, ascorbic acid (positive control) and

ethanol (negative control) were used by UV
spectrophotometry. The DPPH assay was selected
because it is a rapid and widely used preliminary
screening method for evaluating free radical
scavenging activity of natural products. Xanthones
1-3 were each dissolved in ethanol in a 100
mmol/L acetate buffer and 5x10™ mol/L DPPH in a
2:2:1 v/v ratio, and prepared at test concentrations
of 100, 30, 10, 3, and 1 uM. All experiments were

performed in triplicate. The ICsy values of

[§) PANDAWA
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xanthones 1-3 were calculated from inhibition
percentages recorded at A 517 nm by regression
analysis [29]-[31].

3. RESULTS AND DISCUSSIONS

Three prenylated xanthones (Figure 1): gartanin
(1), ananixanthone (2), and a-mangostin (3), were
found in biflorum  leaves.
Phytochemical investigations of this plant have not
been previously conducted. Separation of xanthones
1-3 from ethyl acetate extract using silica open

Calophyllum

column chromatography and radial chromatography.

Gartanin (1) is the minor compound. Its chemical
formula is C,3H,40¢. The main ion peak appears at
m/z 396.1833, matching the calculated mass in the
HRESIMS data (Figure 2). Compound 1 exhibited
absorption bands at A,x 222, 282, 300, and 349 nm,
characteristic of a xanthone skeleton in the UV
spectrum [32]-[34]. The 'H-NMR data of gartanin

(1) shows a pair of ortho doublets (J = 8.9 Hz) of
two aromatic signals showing at 6.67 (H-7) and
7.23  (H-6), characteristic of 1,2,3,4,5,8-
hexasubstituted xanthone derivatives [34]. Gartanin
(1) also exhibited three hydroxy groups were
observed as sharp singlets at 13.19 (1-OH), 12.35 (8
-OH), and 11.27 (3-OH), as well as two prenyl
chain consists of two vinylics [0H 5.29 (H-17), 0H
5.24 (H-12)], two methylenes [0H 3.52 (H-16), 0H
3.47 (H-11)], and four methyls [0H 1.86 (H-15/H-
20), 0H 1.79 (H-19), dH 1.76 (H-14)]. The "C
NMR spectrum of gartanin displays 22 carbon
signals consistent with prenylated xanthone
derivatives. The carbon signals are divided into one
carbonyl [6C 184.8 (C-9)], six oxy-aryls [6C 161.8
(C-3), 158.8 (C-1), 158.3 (C-8), 153.9 (C-4a), 142.9
(C-10a), 135.8 (C-5)], six quaternary carbons [6C
136.5 (C-13), 134.1 (C-18), 109.6 (C-2), 105.9 (C-
4), 107.3 (C-8a), 102.3 (C-9a)], four methines [0C
123.0 (C-7), 122.0 (C-17), 121.1 (C-12), 109.9 (C-
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Figure 6. HRESIMS spectrum of a-mangostin (3).
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Figure 7. NMR data of a-mangostin (3).
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Table 1. Antioxidant and cytotoxic activities of xanthones 1-3.

IC50 (uM) Statistical Data
Compound
DPPH 4T1 DPPH 4T1
1 4.44 16.70 0.9773 0.9286
2 34.34 40.21 0.8923 0.9667
3 168.01 43.94 0.9483 0.8359
Doxorubicin - 0.40 - -
Ascorbic acid 0.33 - - -

6)], two methylenes [0C 22.1 (C-16), 21.7 C-11)],
one overlapping methyl [6C 18.1 (C-15/20)], two
methyls [0C 26.0 (C-19), 25.8 C-14)]. 2D NMR has
supported the location of the proton and carbon
signals. The HMBC spectrum:
resonance in 1-OH (6H 13.19) gives correlations
with the oxy-aryl carbon [C-1 (6C 158.8)] and two
quaternary carbons [C-2 (6C 109.6), C-9a (6C
102.3)]. The other hydroxy proton in 3-OH (6H
11.27) correlated to C-2, one oxy-aryl [C-3 (6C
161.8)], and one quaternary carbon [C-4 (6C
105.9)]. The methylene proton at H-11 (0H 3.47)
correlated to C-1, C-2, C-3, and the alkene carbon
[C-13 (6C 136.5), C-12 (6C 121.1)], indicating a
prenyl chain attached at C-2. The other methylene
resonances at H-16 (6H 3.52), also related to C-2,
C-3, C-4, and the alkene carbon [C-18 (6C 134.1),
C-17 (6C 122.0)], proving a prenyl bound on C-4.
The 8-OH proton (0H 12.35) showed connected to
C-8 (0C 158.3), C-8a (6C 107.3), and C-7 (oC
123.0). The aromatic resonances at H-7 (0H 6.67)
displayed associations with C-5 (6C 135.8), C-8,
C-8a, and the other aromatic proton at H-6 (0H
7.23) associated with C-5, C-8, and C-10a (6C
142.9), supporting the substitution pattern of the

a hydroxyl

aromatic ring. Based on the combined 1D and 2D
NMR data (Figure 3), compound 1 is 2,4-diprenyl
-1,3,5,8-tetrahydroxyxanthone, known as gartanin
[35].

Ananixanthone (2) has the chemical formula
C23H2205 as determined by the HRESIMS (Figure
4). The ion peak [M+H]+: m/z 379.1550 (calcd.
mass 379.1545 for the formula The proton NMR
spectrum exhibited aromatic signals at 6H 7.75 (H-
8), 7.27 (H- 6), and 7.21 (H-7), showing that
1,2,3,4,5 - pentasubstituted xanthone derivatives.
Ananixanthone 2 also showed a hydroxy proton

appeared as a sharp singlet at 13.17 (1-OH), and
two methyls [6H 1.81 (H-15), 1.70 (H-14)], a vinyl
[6H 5.23 (H-12)], and one methylene [0H 3.24 (H-
11)] were recognized as signals corresponding to
the prenyl chain. In addition, two cis vinylic protons
at [6H 6.76 (H-19), 5.61 (H-18)], and a gem-
dimethyl [6H 1.48 (H-20/21), suggesting the
existence of a 2,2-dimethyl pyran system. The *C
NMR data of ananixanthone displayed 22 carbon
signals, distributing into a carbonyl [0C 180.9 (C-
9)], five oxy-aryls [6C 160.1 (C-1), 158.8 (C-3),
149.4 (C-4a), 1444 (C-10a), 144.2 (C-5)], five
quaternary carbons [6C 131.8 (C-13), 121.3 (C-8a),
1124 (C-2), 103.3 (C-9a), 100.8 (C-4)], six
methines [0C 127.3 (C-18), 124.1 (C-7), 122.0 (C-
12), 120.3 (C-6), 117.2 (C-8), 115.1 (C-19)], one
methylenes [0C 21.3 (C-11)], an oxy-carbon [6C
78.2 (C-17)], a gem-dimethyl [6C 28.3 (C-20/21)],
two methyls [0C 26.0 (C-14), 18.1 C-15)]. The
HMBC correlation of 2, a hydroxyl proton in 1-
OH (J0H 13.17), connected to C-1, C-2, and C-9a.
The methylene proton at H-11 (6H 3.24) correlated
to C-1, C-2, C-3, C-12, and C-13, supporting a 3-
methyl-2-butenyl attached at C-2. A proton of gem-
dimethyl at H-20/21 (6H 1.48)
associations with an oxy-carbon (6C 78.2, C-17),
one double bond (6C 127.3, C-18), and one cis
vinylic at H-20 (0H 6.76) correlated to C-3, C-4, C
-4a, and C-17, confirming the 2,2-dimethylpyrano

showed

attached on C-3 and C-4. An aromatic resonance at
H-8 (0H 7.75) relates with a carbonyl [6C 180.9, (C
-9)], an oxy-aryl [0C 144.4, (C-10a)], a methine of
the aromatic [0C 120.3, (C-6)], indicating a bound
hydroxy group at C-5. The HMBC spectrum of two
other aromatic resonances at H-7 (6H 7.21) and H-6
(0H 7.25) also supports the presence of such a
hydroxy group. Based on the NMR data (Figure 5),
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compound 2 is ananixanthone [12].

The o-mangostin (3) exhibits the molecular
formula C,4H,606 in the ion peak [M-H] at m/z
409.1653 Cy4H»50¢ [(caled. mass [M-H]- 409.1651,
DBE 12.5, A 0.5)]. The '"H NMR spectrum shows
aromatic resonances [0H 6.28 (H-4), 6.80 (H-5)], a
methoxy [0H 3.79 (7-OCHj3;) and a hydroxy signal
[0H 13.77 (1-OH)]. a-Mangostin also exhibits two
prenyl groups contributed by two vinyls [0H 5.28
(H-2"), 5.26 (H-2")], two methylene [0H 4.08 (H-
16), 3.44 (H-11], and four methyl [0H 1.84 (H-14),
1.82 (H-19), 1.76 (H-15), 1.69 (H-20)] protons. The
carbon signal of the xanthone nucleus consists of 13
carbon signals: 6C 160.9 (C-1), 110.2 (C-2), 134.9
(C-3), 92.3 (C-4), 162.1 (C-4a), 101.9 (C-5), 155.4
(C-6), 143.6 (C-7), 137.3 (C-8), 111.1 (C-8a), 182.0
(C-9), 102.8 (C-9a), and 156.6 (C-10a) in the “C
NMR data. The carbon resonances of the 3-methyl-
2-butenyl chain are distributed over 6C 26.1 (C-11),
123.9 (C-12), 130.6 (C-13/C-18), 17.5 (C-14), 25.1
(C-15), 21.1 (C-16), 122.6 (C-17"), 17.1 (C-18),
25.0 (C-20), and one methoxy carbon at 6C 60.7 (7-
OCHj). The HMBC correlation of the hydroxyl
resonances at 1-OH (6H 13.77) and the methylene
proton at H-11 (0H 3.44) is similar to that of
compounds 1 and 2, favoring a prenyl attached at C
-2, and two hydroxy [C-1 and C-3]. The HMBC
correlation of an aromatic resonance at H-4 (0H
6.28) also confirms the location of the prenyl and
the two hydroxy groups. Another aromatic proton at
H-5 (6H 6.80) shows connections with two oxy-aryl
[0C 155.4 (C-6), 143.6 (C-7)] and one quaternary
carbon [6C 111.1 (C-8a)]. The methylene signal at
H-16 (0H 4.08) relates to C-7, C-8a, a quaternary
carbon [0C 137.3, (C-8)], and the alkene carbon [0C
130.6 (C-18), 6C 122.6 (C-17)], indicating a prenyl

attached at C-8 and a methoxy at C-7. From
HRESIMS (Figure 6) and NMR spectra (Figure 7),
the structure of xanthone 3 is a-mangostin [36].

The antioxidant potential of xanthones 1-3
against DPPH
spectrophotometry was determined at a maximum
absorbance of A = 517 nm using the UV
method.  The  potential
antioxidant activity of xanthones 1-3 against DPPH

radical scavenging using UV

spectrophotometry

radical scavenging using a UV spectrophotometry
was determined at a maximum absorbance of 517
nm using UV spectrophotometry. As shown in
Table 1 and Figure 8, gartanin (1) and
ananixanthone (2) exhibited high antioxidant
activity with 1Csgvalues of 4.44 and 34.34 pM,
respectively, while o-mangostin was inactive.
Based on the xanthone structure, gartanin (1) has
four hydroxyls at C-1, C-3, C-5, and C-8, as well as
two terpenyl chains at C-2 and C-4. Ananixanthone
(2) shows hydroxyl groups at C-1, C-3, C-5, and C-
8, one terpenyl at C-2, and a pyran ring connected
at C-3 and C-4. The hydroxyl group at C-8 of
compound 1 may enhance electron delocalization
and hydrogen-donating ability, thereby stabilizing
radical species and contributing to antioxidant
activity. A methoxy group at C-7 in a-mangostin
(3) reduces electron delocalization, resulting in
activity [37]-[39]. In general, the
antioxidant activity of xanthone derivatives is

inactive

strongly influenced by the presence of phenolic
hydroxyl groups within the xanthone framework.
These hydroxyl groups can donate hydrogen atoms
to neutralize free radicals, thereby stabilizing the
radical species. Consequently, xanthone derivatives
greater of  hydroxyl
generally exhibit stronger radical

containing a number

substituents
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Figure 8. Antioxidant activity of xanthones 1-3 against DPPH radical.
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Figure 10. Cytotoxic activities of xanthones 1-3 against 4T1 cells.

scavenging activity in DPPH assays. Consistent
with this structure—activity relationship, several
studies have reported that hydroxylated xanthones
isolated from Calophyllum species exhibit
significant antioxidant activity. For example,
calothorexanthone from Calophyllum have been
reported to display DPPH radical scavenging
activity with ICsy values 17.46 uM [40]. The
antioxidant activity observed for gartanin (1) in the
present study (ICso = 4.44 uM) is therefore
comparable to those previously reported values,
further supporting the important role of hydroxyl
substituents in enchancing radical scavenging
activity.

Figures 9 and 10 demonstrate that gartanin (1)
exhibited moderate cytotoxicity against 4T1 breast
cancer cells, with an ICsy of 16.7 uM, whereas
compounds 2 and 3 were inactive under identical
conditions. This variation in cytotoxicity suggests
that differences in the chemical structures of these
xanthone derivatives significantly influence their
biological effects on cancer cells. The cytotoxic
profiles of compounds 1-3 provide valuable

insights into the structure-activity relationships

(SAR) within this group. The hydroxyl group at the
C-8 position in compound 1 likely contributes to its
cytotoxic activity. This hydroxyl group may affect
intermolecular interactions such as hydrogen
bonding, influencing the biological effects of
xanthone derivatives. Previous research indicates
that hydroxyl and prenyl groups can modify the
biological properties of xanthones by changing their
physicochemical characteristics and SAR [41]. In
contrast, compounds 2 and 3, which lack this
hydroxyl group, did not show cytotoxicity under
identical conditions. Thus, the activity observed in
compound 1 may result from the combined effects
of hydroxyl and prenyl groups rather than a single
feature, though further mechanistic studies are
needed for confirmation. While compound 1
showed moderate cytotoxicity against 4T1 cells, its
potency was less than doxorubicin, the positive
control in the same tests. Nonetheless, natural
products can offer diverse structural scaffolds that
serve as promising starting points for further
optimization and biological research.

Another structural feature that may contribute to
the cytotoxic activity of these compounds is the
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presence of prenyl substituents. Prenyl groups
increase the lipophilicity of natural products,
facilitating their interaction with biological
membranes and enhancing cellular uptake. As a
result, prenylated xanthones often exhibit stronger
cytotoxic activity than non- prenylated analogues
due to their improved ability to penetrate cancer
cells. In addition to prenyl substituents, hydroxyl
groups are also known to influence the biological
activity of xanthone derivatives. For example,
cytotoxic  caloxanthone B  isolated from
Calophyllum depressinervosum has been reported
to display cytotoxic activity against K562 cells with
an ICsy value of 1.23 ug/mL [20], highlighting the
importance of hydroxyl and prenyl substituents in
determining the biological activity of xanthone
derivatives. compounds 2 and 3
showed mno cytotoxicity under the same
experimental conditions. This may be due to

differences in the number and placement of

Conversely,

hydroxyl groups or variations in substituent patterns
Such
differences could affect their biological activity by

on the xanthone skeleton. structural
changing their physicochemical properties and
structure—activity relationships. The lack of activity
in a-mangostin (3) was somewhat surprising, as
prior studies have documented its cytotoxic effects
on various cancer cell lines. The discrepancy might
result from variations in experimental conditions,
cell line specificity, or differences in compound
concentration or purity. The antioxidant and
cytotoxic activities of xanthones 1-3 provide clear
to SAR data. The presence of a hydroxyl group at C
-8 in compound 1 may influence hydrogen bonding
interactions and could contribute to the observed
antioxidant and cytotoxic activities [20][42]-[43].
In summary, the findings of this study show
that  prenylated xanthones derived from

Calophyllum biflorum possess unique biological

activities, which correlate well with their
structural  characteristics. The presence of
hydroxyl groups in conjunction with prenyl

substituents seems to contribute significantly for
both, antioxidant and cytotoxic activities. These
observations contribute to the growing body of
evidence supporting prenylated xanthones as
excellent natural product scaffolds in drug discovery
due to their pharmacological potential. Nevertheless,
several limitations should be acknowledged. The

biological evaluation in this study was limited to a
single antioxidant assay (DPPH) and one cancer
cell line (4T1). Therefore, further investigations,
including additional antioxidant assays, testing on a

broader range of cancer cell lines, and
mechanistic studies, are necessary to better
understand the therapeutic potential of these
compounds.

4. CONCLUSIONS

Three prenylated xanthones: gartanin (1),
ananixanthone (2), and o-mangostin (3), were
successfully isolated from the leaves of Calophyllum
biflorum. Based on biological evaluation, gartanin
(1) was identified as the major bioactive constituent,
showing high antioxidant activity and moderate
4T1
Ananixanthone (2) and a-mangostin (3) also
showed measurable antioxidant and cytotoxic

activity  against breast cancer cells.

activities; however, their overall biological profiles
were less prominent compared to compound (1).
Overall, these findings indicate that gartanin (1)
demonstrates notable antioxidant and moderate

cytotoxic activities, suggesting its potential
biological  relevance.  Nevertheless,  further
comprehensive  biological  evaluation  and

mechanistic studies are required to confirm its
pharmacological potential.
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