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ABSTRACT: The first phytochemical investigation of the twig
extract of Uvaria leptopoda resulted in the isolation and
identification of three new tetrahydroxanthene-1,3(2H)-diones,
uvarialeptones A−C, two new oxidized hexadiene derivatives,
uvarialeptols A and B, together with ten known compounds. Their
structures were elucidated by spectroscopic techniques and mass
spectrometry. Uvarialeptones A and B were unprecedented
tetrahydroxanthene-1,3(2H)-dione dimers which exhibited a
cyclobutane ring via [2 + 2] cycloaddition from uvarialeptone C
and 9a-O-methyloxymitrone, respectively. The structure of
uvarialeptone A was confirmed by X-ray diffraction analysis using
Mo Kα radiation. Compound 3 inhibited NO production at an
IC50 value of 6.7 ± 0.1 μM.

Uvaria (Annonaceae) genus, a shrub or climbing plant, is
widely distributed throughout Asian countries, including
Thailand, the Philippines, and Malaysia.1 Some species of
this genus have been used in traditional medicines. For
example, the roots of U. cherrevensis have been used for treating
urinary disorders,2,3 while the stem of U. dulcis4 and the root of
U. rufa5 have been used for fever4,5 and kidney failure
treatments.5 Uvaria species produce diverse chemical com-
pounds, including highly oxygenated cyclohexenes,2,6,7 flavo-
noids,3,6,8−11 chalcones,3,8−10 alkaloids,3,11 oxepinones,7 naph-
thalenes,8,10 and tetrahydroxanthene-1,3(2H)-dione deriva-
tives.12 Among them, highly oxygenated cyclohexenes were
the major compounds found in this genus. Compounds
isolated from Uvaria species displayed a wide range of
biological activities. For example, valderramenol A, isolated
from the leaves of U. valderramensis, showed antitubercular
activity with a MIC value of 10 μg/mL.12 Oxoanolobine, and
ergosta-4,6,8(14),22-tetraen-3-one, isolated from the aerial
parts of U. rufa, displayed cytotoxic activity against human lung
adenocarcinoma cell line (LU-1) with IC50 values of 9.22 μg/
mL and 10.21 μg/mL, respectively.13 Uvarin B, a dimeric
chalcone, isolated from the roots of U. siamensis, showed
antiplasmodial activity with an IC50 value of 3.02 μg/mL,10
while 2-hydroxy-3-methoxy-6-(4′-hydroxyphenyl)naphthalene
isolated from the stem and root extracts of U. cherrevensis,
exhibited cytotoxicity against the human mouth epidermal
carcinoma cells (KB) with an IC50 value of 5.05 μM.8

Uvaria leptopoda (King) J. Sinclair is a woody climber grown
as an ornamental plant in the lowland rainforests of Thailand.1

No phytochemical investigations or biological evaluations of
this plant have been reported in the SciFinder Scholar database
(Chemical Abstracts Service). This information led us to
investigate their phytochemicals and biological activities. Five
new (1−3, 6, and 7) and ten known compounds (4, 5, and 8−
15) were isolated, and some isolated compounds were
evaluated for their cytotoxic effects toward SNU-1 human
gastric cancer cells and anti-inflammatory activities through
nitric oxide (NO) production inhibitory effect using LPS-
induced RAW264.7 cells.

■ RESULTS AND DISCUSSION
The twig extract of U. leptopoda was subjected to various
column chromatographic separations to yield 15 compounds.
Among them, three tetrahydroxanthene-1,3(2H)-diones (1−3)
and two oxidized hexadiene derivatives (6 and 7) were
identified as new compounds. The known compounds found
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are 9a-O-methyloxymitrone (4),14 cyathostemmine (5),15

grandiuvarin C (8),16 uvamalol G (9),17 (−)-1,6-desoxyting-
tanoxide (10),18 grandiuvarin A (11),16 valderepoxide (12),19

grandiuvarin B (13),16 2′-hydroxy-3′,4′,6′-trimethoxychalcone
(14),20 and macrophyllin (15).21

Uvarialeptone A (1), HRESIMS m/z 871.2972 [M - H]−

(calcd for C50H47O14, 871.2971), was obtained as a colorless
needle crystal. The X-ray diffraction data (CCDC 2326335) of
compound 1 (Figure 1) confirmed that its structure is a head-
to-tail symmetric tetrahydroxanthene-1,3(2H)-dione dimer.
The dimeric compound 1 displayed only one set of NMR
resonances (Table 1) as follow; a monosubstituted aromatic
ring [δH 7.24 (4H, d, J = 7.1 Hz)/δC 128.5, C-14/C-14′ and C-
18/C-18′, δH 7.17 (4H, dd, J = 7.1, 7.1 Hz)/δC 128.4, C-15/C-

15′ and C-17/C-17′, and δH 7.12 (2H, d, J = 7.1 Hz)/δC 127.1,
C-16/C-16′], an ABX aromatic ring [δH 6.64 (2H, m)/δC
113.7, C-6/C-6′, δH 6.61 (2H, m)/δC 117.6, C-5/C-5′, and δH
6.61 (2H, m)/δC 113.5, C-8/C-8′], two methylene groups [δH
3.12 (2H, d, J = 17.8 Hz) and 3.02 (2H, d, J = 17.8 Hz)/δC
37.2, C-4/C-4′, δH 3.55 (2H, t, J = 15.0 Hz) and 2.80 (2H, d, J
= 15.0 Hz)/δC 24.5, C-9/C-9′], three methoxy groups [δH
3.73 (6H, s)/δC 55.5, OMe-7/OMe-7′, δH 3.24 (6H, s)/δC
49.2, OMe-4a/OMe-4a′, and δH 2.65 (6H, s)/δC 51.5, OMe-
9a/OMe-9a′], one hydrogen-bonded hydroxy proton [δH
18.36 (2H, s), OH-10/OH-10a′], and a symmetric cyclo-
butane [δH 5.03 (2H, dd, J = 11.4, 7.6 Hz)/δC 41.7, C-12/C-
12′ and δH 4.79 (2H, dd, J = 11.4, 7.6 Hz)/δC 53.0, C-11/C-
11′]. The HMBC correlations supported the assignments, as
shown in Figure 2. The relative configuration of compound 1,
(4aR*,9aR*,11R*,12S*,4a′S*,9a′S*,11′S*,12′R*), was deter-
mined by the analyses of X-ray diffraction data and NOESY
correlations. The specific rotation was zero, and its ECD
spectrum displayed no Cotton effect, suggesting compound 1
was obtained as a racemic mixture. Several attempts to isolate
pure enantiomers using Chiral HPLC were not successful
(Supporting Information, Figures S36−39). This is the first
example of a tetrahydroxanthene-1,3(2H)-dione dimer isolated
from a natural source.
Uvarialeptone B (2), HRESIMS m/z 813.2922 [M + H]+

(calcd for C48H45O12, 813.2906), was isolated as a yellow
amorphous powder. The 1H and 13C NMR spectroscopic data
(Table 1) of compound 2 were similar to that of compound 1.
The only difference observed was the missing methoxy
resonance in compound 2. In addition, the ABX aromatic
protons of compound 1 changed to a 1,2-disubstituted

Chart 1

Figure 1. ORTEP diagram of compound 1.
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benzene proton in compound 2 [δH 7.11 (2H, m)/δC 129.5,
C-8 and C-8′, δH 7.04 (2H, t, J = 7.2 Hz)/δC 127.7, C-6 and C-
6′, δH 6.92 (2H, m)/δC 122.4, C-7 and C-7′, and δH 6.70 (2H,
d, J = 7.2 Hz)/δC 117.1, C-5 and C-5′], which were confirmed
by COSY and HMBC as shown in Figure 2. Thus, compound
2 was named as uvarialeptone B.
Uvarialeptone C (3), HRESIMS m/z 435.1442 [M - H]−

(calcd for C25H23O7, 435.1449) was isolated as a yellow

amorphous powder. Intensive analysis of the NMR spectro-
scopic data of 3 (Table 2) suggested that the structure of
compound 3 is similar to that of compound 1. The major
difference between these compounds is that compound 3
displayed resonances for a Δ11 double bond, which contributed
to the NMR resonances at δH 8.17 (1H, d, J = 15.9 Hz)/δC
121.6 (C-11) and 7.97 (1H, d, J = 15.9 Hz)/δC 146.9 (C-12).
In contrast, compound 1 carries a cyclobutene moiety. The

Table 1. 1H (500 MHz) and 13C NMR (125 MHz) Spectroscopic Data for Compounds 1 and 2 in CDCl3
1 2

Position δC type δH, mult (J in Hz) δC type δH, mult (J in Hz)
1/1′ 188.8, C 188.8, C
2/2′ 109.7, C 109.8, C
3/3′ 194.7, C 194.6, C
4/4′ 37.2, CH2 3.02 d (17.8); 3.12 d (17.8) 37.3, CH2 3.04 d (17.7); 3.13 d (17.7)
4a/4a′ 97.2, C 97.4, C
5/5′ 117.6, CH 6.61 m 117.1, CH 6.70 d (7.2)
5a/5a′ 143.7, C 150.0, C
6/6′ 113.7, CH 6.64 m 127.7, CH 7.04 t (7.2)
7/7′ 154.6, C 122.4, CH 6.92 m
8/8′ 113.5, CH 6.61 m 129.5, CH 7.11 m
8a/8a′ 121.9, C 121.4, C
9/9′ 24.5, CH2 2.80 d (15.0); 3.55 d (15.0) 24.3, CH2 2.83 d (14.9); 3.58 d (14.9)
9a/9a′ 78.0, C 78.1, C
10/10′ 203.1, C 203.2, C
11/11′ 53.0, CH 4.79 dd (11.4, 7.6) 53.1, CH 4.78 dd (11.4, 7.7)
12/12′ 41.7, CH 5.03 dd (11.4, 7.6) 41.8, CH 5.02 dd (11.4, 7.7)
13/13′ 139.7, C 139.8, C
14/14′, 18/18′ 128.5, CH 7.24 d (7.1) 128.6, CH 7.23 d (7.2)
15/15′, 17/17′ 128.4, CH 7.17 dd (7.1, 7.1) 128.5, CH 7.16 dd (7.2, 7.2)
16/16′ 127.1, CH 7.12 d (7.1) 127.2, CH 7.11 m
OMe-4a/OMe-4a′ 49.2, CH3 3.24 s 128.5, CH3 3.25 s
OMe-7/OMe-7′ 55.5, CH3 3.73 s
OMe-9a/OMe-9a′ 51.5, CH3 2.65 s 51.6, CH3 2.68 s
OH-10/OH-10′ 18.36 s 18.33 s

Figure 2. Key 1H−1H COSY and HMBC correlations of compounds 1−3 and 6−7.
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large J value (15.9 Hz) of H-11/H-12 identified the E
geometry of the Δ11 double bond. The HMBC correlation
(Figure 2) between H-12 to C-10 (δC 187.8), C-13 (δC 134.8),
and C-14/C-18 (δC 129.1) supported the assignment above.
Comparing structures 3 and 1, it was suggested that structure 3
might be a monomer of structure 1 via the [2 + 2]
cycloaddition at the Δ11 double bond. Since the structure of
compound 1 was confirmed by X-ray diffraction data, the cis
dimethoxy at C4a and C-9a of compound 3 should be
identified as the same as compound 1. The specific rotation of
compound 3 was zero, and its ECD spectrum displayed no
Cotton effect, suggesting compound 3 is a racemic mixture.
Uvarialeptol A (6), HRESIMS m/z 457.1654 [M - H]−

(calcd for C28H25O6, 457.1657), was obtained as a colorless
viscous oil. The 1H and 13C NMR spectra of 6 (Table 3)
displayed characteristics of an oxidized hexadiene derivative,
similar to those of grandiuvarin C (8),16 including two benzoyl
units [(δH 8.05 (2H, dd, J = 8.4, 1.3 Hz)/δC 130.4, C-3′ and C-
7′, δH 7.50 (4H, ddd, J = 8.4, 8.4, 1.6 Hz)/δC 129.5, C-4′, C-6′,
C-4″, and C-6″, and δH 7.63 (2H, m)/δC 134.0, C-5′ and C-
5″)], three olefinic protons [δH 6.92 (1H, dd, J = 11.4, 1.1
Hz)/δC 126.3, C-3, δH 6.72 (1H, t, J = 11.4 Hz)/δC 127.9, C-4,
and δH 5.87(1H, dt, J = 11.4, 7.0 Hz)/δC 128.4, C-5)], and
three oxymethylene groups [δH 5.07 (2H, dd, J = 7.0, 1.3 Hz)/
δC 61.2, C-6, δH 5.01 (2H, s, H-1)/δC 67.5, C-1, and δH 4.43
(2H, s, H-1)/δC 66.3, C-7)]. However, a 2-hydroxy benzyloxy
moiety ([δH 7.28 (1H, dd, J = 7.5, 1.5 Hz)/δC 130.0, C-7‴, δH
7.11 (1H, ddd, J = 7.5, 7.5, 1.5 Hz)/δC 129.5, C-5‴, δH 6.83
(1H, dd, J = 7.5, 1.5 Hz)/δC 116.1, C-4‴, and δH 6.79 (1H,

Table 2. 1H (500 MHz) and 13C NMR (125 MHz)
Spectroscopic Data for Compound 3 in CDCl3

3

Position δC, type δH, mult (J in Hz)
1 191.1, C
2 108.6, C
3 199.2, C
4 39.6, CH2 3.25 d (17.1); 3.38 d (17.1)
4a 97.3, C
5 117.7, CH 6.73 d (8.9)
5a 143.9, C
6 113.8, CH 6.66 dd (8.9, 3.1)
7 154.8, C
8 113.6, CH 6.73 d (3.1)
8a 122.5, C
9 25.1, CH2 3.00 d (15.0); 3.69 d (15.0)
9a 79.4, C
10 187.8, C
11 121.6, CH 8.17 d (15.9)
12 146.9, CH 7.97 d (15.9)
13 134.8, C
14/18 129.1, CH 7.37 d (7.6)
15/17 129.2, CH 7.62 dd (6.7, 2.9)
16 131.3, CH 7.37 d (7.6)
OMe-4a 49.4, CH3 3.35 s
OMe-7 55.7, CH3 3.76 s
OMe-9a 52.3, CH3 3.32 s
OH-10 18.42 s

Table 3. 1H (500 MHz) and 13C NMR (125 MHz) Spectroscopic Data for Compounds 6 and 7 in acetone-d6

6 7

Position δC, type δH, mult (J in Hz) δC, type δH, mult (J in Hz)
1 67.5, CH2 5.01 s 67.4, CH2 5.01 s
2 136.7, C 136.6, C
3 126.3, CH 6.92 dd (11.4, 1.1) 126.2, CH 6.92 dd (11.0, 1.0)
4 127.9, CH 6.72 t (11.4) 127.8, CH 6.71 m
5 128.4, CH 5.87 dt (11.4, 7.0) 128.3, CH 5.87 dt (11.0, 7.0)
6 61.2, CH 5.07 dd (7.0, 1.3) 61.1, CH 5.07 dd (7.0, 1.3)
7 66.3, CH2 4.43 s 66.2, CH2 4.43 s
OBz-1′
1′ 166.6, C 166.5, C
2′ 131.2, C 131.1, C
3′/7′ 130.4, CH 8.05 dd (8.4, 1.3) 130.3, CH 8.04 dd (8.4, 1.3)
4′/6′ 129.5, CH 7.50 ddd (8.4, 8.4, 1.6) 129.4, CH 7.50 ddd (8.4, 8.4, 2.4)
5′ 134.0, CH 7.63 m 134.0, CH 7.63 m
OBz-6
1″ 166.7, C 166.6, C
2″ 131.3, C 131.1, C
3″/7″ 130.3, CH 8.02 dd (8.4, 1.3) 130.2, CH 8.01 dd (8.4, 1.3)
4″/6″ 129.5, CH 7.50 ddd (8.4, 8.4, 1.6) 129.4, CH 7.50 ddd (8.4, 8.4 2.4)
5″ 134.0, CH 7.63 m 133.9, CH 7.63 m
Benzyloxy-7
1‴ 68.7, CH2 4.64 s 68.4, CH2 4.59 s
2‴ 125.5, C 126.2, C
3‴ 156.2, C 149.7, C
4‴ 116.1, CH 6.83 dd (7.5, 1.5) 116.6, CH 6.75 d (8.7)
5‴ 129.5, CH 7.11 ddd (7.5, 7.5, 1.5) 114.5, CH 6.67 dd (8.7, 3.1)
6‴ 120.3, CH 6.79 ddd (7.5, 7.5, 1.5) 153.9, C
7‴ 130.0, CH 7.28 dd (7.5, 1.5) 114.9, CH 6.89 d (3.1)
OMe-6‴ 55.8, CH3 3.68 s
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ddd, J = 7.5, 7.5, 1.5 Hz)/δC 120.3, C-6‴] and one
oxymethylene group [δH 4.64 (2H, s)/δC 68.7, C-1‴]) were
detected in 6 instead of the acetoxy group in 8. The HMBC
correlations (Figure 2) between H-1‴ with C-7 and H-7 with
C-1‴ confirmed that the 2-hydroxy benzoyloxy moiety was
located at C-7. Two benzoyl groups were placed on C-1 and C-
6 according to the HMBC correlations of H-1 with C-1′ and
H-6 with C-6″, respectively. The geometries of the double
bonds at C-2/C-3 (Δ2) and C-4/C-5 (Δ4) were designated as
E and Z, respectively, based on the NOESY correlation
between H2-1/H-3 and H-4/H-5, as well as the observed J
coupling constants (11.4 Hz) between H-3/H-4 and H-4/H-5.
Uvarialeptol B (7), HRESIMS m/z 487.1750 [M - H]−

(calcd for C29H27O7, 487.1762), was isolated as a colorless
viscous oil. The 1H and 13C NMR spectroscopic data of 7
(Table 3) were similar to those of 6, except that the resonances
for the 2-hydroxy benzoyloxy moiety of 6 were replaced with a
2-hydroxy-5-methoxybenzoyloxy moiety in 7. The 1H NMR
data of 7 contained resonances for an aromatic ring ABX spin
system [δH 6.89 (1H, d, J = 3.1 Hz)/δC 114.9, C-7‴, δH 6.75
(1H, d, J = 8.7 Hz)/δC 116.6, C-4‴, and δH 6.67 (1H, dd, J =
8.7, 3.1 Hz)/δC 114.5, C-5‴] and methoxy group [δH 3.68
(3H, s)/δC 55.8, OMe-6‴]. The key HMBC correlations used
to confirm the structure of 7 are shown in Figure 2.
Compounds 1, 3, 5, 11, 13, and 14 were evaluated for their

cytotoxicity against SNU-1 human gastric cancer cells, and the
results were presented in Table 4. Compounds 1, 3, 11, and 14

had IC50 values comparable with cisplatin, which has been used
as a clinical drug against gastric cancer.22 No significant
differences were found between cisplatin and these compounds
(p > 0.05). Due to cisplatin resistance in gastric cancer
treatment, compounds with comparable activity to the clinical
drug may have chemotherapeutic potential. Compounds 1 and
14 displayed IC50 values of 18 and 11 μM, respectively, lower
than that of cisplatin (IC50 = 25 μM).
The anti-inflammatory potential of compounds 1, 3, 5, 11,

13, and 14 was also evaluated based on their inhibitory effects
on LPS-induced nitric oxide (NO) production by RAW264.7
macrophages (Table 5). All the compounds tested are
nontoxic toward RAW264.7 cells at 15 μM with cell viabilities
of >90%. Thus, the bioassay was performed at this
concentration. Among the tested compounds, 3 was the
most potent NO production inhibitor, showing the highest
percentage of inhibition at 73%. In comparison, other
compounds showed minimal NO inhibition effect at the
same concentration with a 6.5 to 15 μM percentage range.
Thus, only compound 3 was further assessed at a range of
concentrations, and its IC50 value was observed at 6.7 μM,

which is almost 50 times lower than the standard drug,
diclofenac sodium (IC50 = 331 μM). The results showed that 3
has a high potential as a primary anti-inflammatory agent. On
the other hand, 14 did not inhibit NO production and instead
upregulated the NO production without affecting the viability
of the RAW264.7 cells, indicating a pro-inflammatory effect.
Thus, the activity of 14 against SNU-1 gastric cancer cells may
occur via pro-inflammatory mechanisms. Further studies are
recommended to confirm this hypothesis.

■ EXPERIMENTAL SECTION
General Experimental Procedures. Melting point was recorded

on a Buchi M-560 apparatus. The specific rotations were measured on
a Jasco P-2000 polarimeter. The UV−vis spectra were recorded with a
Varian Cary 5000 spectrometer. The electronic circular dichroism
(ECD) spectra were measured on a JASCO J-1500 spectropolarim-
eter. The IR spectra were determined on a PerkinElmer FTS FT-IR
spectrometer. The NMR spectra were recorded on a 500 MHz Bruker
FT-NMR Ultra Shield in CDCl3 and acetone-d6 with TMS as an
internal standard; J values are reported in Hz. The HRESIMS were
obtained on an Agilent 1290 infinity II/G6545B QTOF mass
spectrometer. High-performance liquid chromatography (HPLC)
analysis was performed on an Agilent Technology HPLC 1260
Infinity II system, coupled to a 1260 Infinity II Diode Array Detector
HS. A CHIRALCEL OD-H @ 5 μm (4.6 mmφ × 250 mmL) column
was used for chiral HPLC. Silica gel C60 (0−20 μm, SiliCycle Inc.)
and silica gel G60 (60−200 μm, SiliCycle Inc.) were used to perform
quick column chromatography (QCC) and column chromatography
(CC), respectively. Precoated TLC plates of silica gel 60F254 were
used for analytical purposes. The X-ray crystallography was performed
on a Rigaku SuperNova, Mo Kα, Single source at offset/far,
HyPix3000.
Plant Material. The twigs of U. leptopoda were collected in March

2022 from Narathiwat Province (N: 6.156754°, E: 101.664661°). The
plant was identified by Mr. Abdulromae Baka (Independent Research
Group on Plant Diversity in Thailand, Sichon, Nakhon Si Thammarat,
80120, Thailand). A voucher specimen (MFU-NPR0216) was
deposited at the Natural Products Research Laboratory of Mae Fah
Luang University.
Extraction and Isolation. The air-dried twigs of U. leptopoda (2.0

kg) were extracted with EtOAc (3 × 4 L, for 3 days) at room
temperature and concentrated under reduced pressure to provide the
EtOAc extract (299.68 g), which was subjected to QCC (100%
hexanes to 100% EtOAc) to give five fractions (ULA−ULE). Fraction
ULC (257.3 mg) was further separated by CC (1:4 v/v, EtOAc−
hexanes) to obtain three fractions (ULC1−ULC3). Further
purification of fraction ULC1 (13.7 mg) by Sephadex LH20 (100%
MeOH) gave compounds 2 (1.0 mg) and 4 (2.1 mg). Fraction ULC2
(65.2 mg) was subjected to Sephadex LH20 (100% MeOH) to afford
compounds 1 (22.1 mg) and 3 (31.3 mg). Fraction ULD (385.7 mg)
was purified by CC (1:9 v/v, EtOAc−hexanes), yielding eight
fractions (ULD1−ULD8) and compound 11 (5.8 mg). Fraction

Table 4. IC50 Values of Compounds against SNU-1 Gastric
Cancer Cells

Compounds IC50 (μM)
1 18 ± 4
3 34 ± 5
5 130 ± 10a

11 37 ± 2
13 82 ± 7a

14 11 ± 1
Cisplatin 25 ± 1

ap < 0.0001 compared to cisplatin. Data are presented as mean ± SD
from three independent experiments.

Table 5. Inhibitory Effects of Compounds on LPS-Induced
NO Production in RAW264.7 Macrophages

Compounds NO inhibition (%)a IC50 (μM)
1 6.5 ± 1 −
3 73 ± 2 6.7 ± 0.1b

5 15 ± 1 −
11 12 ± 3 −
13 14 ± 2 −
14 −11 ± 3 −
Diclofenac sodium − 331 ± 2

aTest concentration = 15 μM. bp < 0.0001 compared to diclofenac
sodium. −, not tested. Data are presented as mean ± SD from three
independent experiments.
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ULD2 (10.9 mg) was further purified by Sephadex LH20 (1:4 v/v,
MeOH−CH2Cl2) to obtain compound 8 (1.4 mg). Fraction ULD4
(37.2 mg) was separated by CC (1:4 v/v, acetone−hexanes) to yield
compound 5 (8.6 mg). Fraction ULD5 (25.8 mg) was separated by
CC over silica gel (1:4 v/v, acetone−hexanes) to afford three counds
6 (0.9 mg), 14 (7.1 mg), and 15 (1.2 mg). Compounds 7 (0.8 mg),
10 (1.0 mg), and 13 (6.5 mg) were isolated from Fraction ULD7
(30.2 mg) by CC (1:4 v/v, acetone−hexanes). Fraction ULD8 (31.2
mg) was separated by CC over silica gel (2:3 v/v, acetone−hexanes)
to obtain 9 (1.1 mg) and 12 (0.9 mg).
Uvarialeptone A (1). Colorless needles: mp 174−175 °C; [α]D25 0

(c 0.01, MeOH); UV (MeOH) λmax (log ε) 206 (4.4), 230 (4.7), and
285 (3.8) nm; IR (neat) vmax 2925, 1728, 1598, 1456, 1263, 1092, 804
cm−1; 1H and 13C NMR, see Table1; HRESIMS m/z 871.2972 [M -
H]− (calcd for C50H47O14, 871.2971).
Uvarialeptone B (2). Yellow amorphous powder; [α]D25 0 (c 0.01,

MeOH); UV (MeOH) λmax (log ε) 217 (3.3), 236 (3.1), and 287
(3.6) nm; IR (neat) vmax 2927, 1728, 1671, 1549, 1495, 1451, 1261,
1095, 805 cm−1; 1H and 13C NMR, see Table 1; HRESIMS m/z
813.2922 [M + H]+ (calcd for C48H45O12, 813.2906).
Uvarialeptone C (3). Yellow amorphous powder; [α]D25 0 (c 0.01,

MeOH); UV (MeOH) λmax (log ε) 217 (3.3), 236 (3.1), and 287
(3.6) nm; IR (neat) vmax 2937, 1666, 1575, 1490, 1417, 1201, 1049
cm−1; 1H and 13C NMR, see Table 2; HRESIMS m/z 435.1442 [M -
H]− (calcd for C25H23O7, 435.1449).
Uvarialeptol A (6). Colorless oil: UV (MeOH) λmax (log ε) 232

(3.62) and 277 (2.69) nm; IR (neat) vmax 3392, 2960, 1720, 1600,
1453, 1263, and 1098 cm−1; 1H and 13C NMR, see Table 3;
HRESIMS m/z 457.1654 [M − H]− (calcd for C28H25O6, 457.1657).
Uvarialeptol B (7). Colorless oil: UV (MeOH) λmax (log ε) 232

(3.47) and 272 (2.81) nm; IR (neat) vmax 3423, 2959, 1719, 1601,
1453, 1264, and 1098 cm−1; 1H and 13C NMR, see Table 3;
HRESIMS m/z 487.1750 [M − H]− (calcd for C29H27O7, 487.1762).
X-ray Crystal Structure Analysis of Compound 1. Single

crystals of compound 1 (C50H48O14) were crystallized in MeOH/
CH2Cl2 upon slow evaporation under ambient conditions. A suitable
single crystal was selected and mounted on a SuperNova, Single
source at offset/far, HyPix3000 diffractometer. The crystal was kept at
293(2) K during data collection. The structure was solved with the
SHELXT structure solution program using Intrinsic Phasing and
refined with the SHELXL refinement package using Least Squares
minimization via Olex2 program.23−25 All non-hydrogen atoms were
refined anisotropically. The crystallographic data for 1 (CCDC
2326335) can be obtained free of charge from the Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/
cif.
Crystal Data for 1. colorless needle-shaped crystals, C50H48O14,

monoclinic, space group P21/c (no. 14), a = 14.4012(11) Å, b =
12.2540(7) Å, c = 13.9106(9) Å, β = 115.338(9)°, V = 2218.7(3) Å3,
Z = 2, Z’ = 0.5, T = 293(2) K, μ(MoKα) = 0.096 mm−1, Dcalc = 1.307
g/cm3, 17620 reflections measured (4.566° ≤ 2θ ≤ 55.014°), 4713
unique (Rint = 0.0395, Rsigma = 0.0454) which were used in all
calculations. The final R1 was 0.0512 (I > 2σ(I)), and wR2 was 0.1490
(all data).
Cell Culture. Human gastric epithelial carcinoma cells, SNU-1

(CRL-5971) and murine macrophages RAW264.7 (TIB-71) were
obtained from American Type Culture Collection (ATCC) and
cultured in RPMI 1640 (Gibco, Thermo-Fisher Scientific) and
Dulbecco’s modified Eagle’s medium (DMEM; Gibco, Thermo-
Fisher Scientific), respectively. Both culture media were supple-
mented with 10% fetal bovine serum (Sigma-Aldrich). The cells were
grown at 37 °C in a humidified atmosphere of 5% CO2.
MTT Bioassay. Cell viability was assessed using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT;
Merck) assay according to the experimental literature procedure
with some modifications.26 For the adherent RAW264.7 macro-
phages, cells were seeded in a 96-well plate at a concentration of 1 ×
106 cells/mL and incubated for 24 h to allow cell attachment. After
that, the cells were treated with compounds (using DMSO as a
vehicle at the maximum concentration of 0.1%) and further incubated

for 24 h. The culture media was carefully removed and replaced with
fresh media, followed by adding 5 mg/mL of MTT reagent in
phosphate-buffered saline (PBS; Sigma-Aldrich) and a 4-h incubation.
The culture media was carefully removed, and DMSO was added to
dissolve the formazan crystals. The plates were shaken for 30 s before
measuring the absorbance at 570 nm.
For the SNU-1 cells, the suspension cells were evaluated for

cytotoxicity according to a previously reported method.27 Briefly, the
cells were seeded in a 96-well plate and treated with the compounds.
After incubating for 24 h, the plates were centrifuged at 1500 rpm for
5 min. Culture media was replaced with fresh media, and MTT
reagent was added. After 4 h of incubation, the plates were centrifuged
once again. The supernatant was carefully removed, and the formazan
crystals were dissolved in DMSO. The plates were shaken before
measuring the absorbance. Cisplatin was used as a standard drug,
while untreated cells were used as a negative control in the MTT
assay for both cell lines.
Nitric Oxide Production Inhibition Bioassay. The evaluation

of NO production inhibitory effect of the compounds was carried out
using Griess assay according to Mah et al. (2017) with some
modifications.28 Briefly, RAW264.7 cells were seeded in a 96-well
plate at a concentration of 1 × 106 cells/mL. After 24 h, the cells were
induced with lipopolysaccharide (LPS; Merck) in a final concen-
tration of 10 μg/mL and treated with the compounds at a nontoxic
concentration toward RAW264.7 cells (cell viability >90%) as
determined using the MTT assay. The plates were incubated for 24
h, and 100 μL of the cell supernatant was aliquoted and replaced with
Griess reagent. The plates were incubated in the dark at room
temperature before measuring the absorbance at 550 nm. Untreated
LPS-induced cells were used as a negative control, while diclofenac
sodium was used as a positive control. Percentage NO production
inhibition was calculated as [(A0-A1)/A0 x 100%], where A1 is the
absorbance of treated cells and A0 is the absorbance of the negative
control.
Statistical Analysis. All biological experiments were performed in

three independent biological and technical replicates. The data are
presented as mean ± standard deviation. Statistical analyses were
performed using one-way ANOVA in GraphPad Prism (version 7.04)
at a 5% significance level (p < 0.001). The comparison of means was
evaluated using Tukey’s posthoc test.
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