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ABSTRACT: Polyprenylated benzoylphloroglucinols (PPBPs)
make up a group of complex natural products with anticancer
potentials that are mainly distributed in Garcinia plants. As part of
our intensive exploration on new bioactive substances from this
genus, we report two undescribed PPBPs, picrorhizones I (1) and J
(2), along with four known analogues (3−6) from the stem bark of
Garcinia picrorhiza and Garcinia gracilis. The new structures were
elucidated on the basis of spectroscopic analysis, particularly 1D
and 2D NMR and HRESIMS, whereas the absolute configurations
were determined by a combination of ECD and NMR calculations
coupled with a DP4+ probability analysis. Being the least class in
genus Garcinia, picrorhizone I possesses a type-A structure with the
position of a benzoyl moiety attaching to one of the bridgehead carbons of a bicyclo[3.3.1]nonane skeleton, which differs from its
major type-B counterparts. This work also represents the first report on the occurrence of PPBPs in G. gracilis. The cytotoxic
evaluation of the isolated compounds revealed that isogarcinol (4) and garciyunnanin L (5) significantly inhibited the growth of KB
and Hela S3 cancer cells with IC50 values lower than 10 μM, while 5 was also strongly active against the Hep G2 cancer cell line with
an IC50 value of 8.02 μM. Among the B-class derivatives bearing a lavandulyl side chain, cyclization of the moiety in the bicyclic
phloroglucinol skeleton enhanced the cytotoxic properties on cancer cells.

■ INTRODUCTION
The naturally occurring polyprenylated benzoylphloroglucinols
(PPBPs), also known as polyprenylated benzophenones, can
be found almost exclusively in plants belonging to the genus
Garcinia (Clusiaceae) and Hypericum (Hypericaceae, which
was previously considered to be a subfamily of Clusiaceae).1

Over 500 PPBPs have been isolated from natural resources to
date and recorded by the Grossmann group in an updated
online database,2 which are classified into type-A where the
benzoyl group is attached to C-1 quaternary carbon and type-B
which links the benzoyl part to C-2 of the keto−enol moiety in
the phloroglucinol core structure. Not only this class of
compounds possess diverse chemical architectures due to the
modification or cyclization of prenyl side chains forming
polycyclic structures but they also show potent biological
properties, particularly anticancer effects.1,3 One of the notable
examples is oblongifolin C, isolated from Garcinia oblongifolia,
which was found to significantly suppress the growth of cancer
cell lines in vitro by inducing apoptosis, inhibiting autophagy
flux, and enhancing chemosensitivity of drug-resistant cells, as
well as to reduce tumor metastasis in animal models.4

Garcinia plants are a prolific source of bioactive phenolic
compounds covering xanthones as their primary metabolites
with relatively small structures to complex PPBP molecules.3,5,6

During the course of a drug discovery project on Thai and
Indonesian Garcinia species, two relevant medicinal plants
were selected, including Garcinia gracilis Pierre and Garcinia
picrorhiza Miq., due to their limited phytochemical informa-
tion. Known as Cha-mang or Mak-paem in Thai, G. gracilis is
an edible plant originally distributed to the Indochina region
with its traditional use for fever remedy, while G. picrorhiza
(local name: Kogbirat) is a woody plant native to Sulawesi and
Maluku islands, Indonesia, and is formulated for wound
healing treatment. Previous works from the aerial parts of G.
gracilis revealed the presence of caged xanthones, depsidones,
and biphenyls with their anticancer properties, while our group
previously studied the phytochemical contents of G. picrorhiza
and purified a series of prenylated xanthones and PPBPs
bearing a rare cyclobutane-containing side chain with
antiproliferative effects on several cancer cells and anti-
inflammatory potentials.7−10 As our strong interest in
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searching novel bioactive PPBPs due to their intriguing
molecular structures and having anticancer potentials, NMR-
guided isolation was applied to target such secondary
metabolites in the two Garcinia fractions, resulting in two
new and four known derivatives being isolated. Herein, we
report the isolation, structure elucidation, and cytotoxic
evaluation of the isolated compounds against five human
cancer cell lines.

■ RESULTS AND DISCUSSION
Structure Elucidation. From the CH2Cl2-soluble fractions

of G. picrorhiza and G. gracilis, two new PPBPs, picrorhizone I
(1) and J (2), were isolated along with four known derivatives
through a series of Chromatotron, silica gel, RP-C18, and
Sephadex LH-20 chromatographic separation. The known
compounds were identified as garcinol (3),11 isogarcinol (4),11

garciyunnanin L (5),12 and garciniagifolone A (6)13 after
comparison of their 1H and 13C NMR spectra with the
published data (Figure 1).

Compound 1 was isolated as a pale brown gum. Its
molecular formula, C38H50O4, was determined by HRESMS
analysis of a sodium adduct ion at m/z 593.3592 [M + Na]+

(calcd for C38H50O4Na+, 593.3601), which equates to 14
degrees of unsaturation. The 1H NMR spectrum showed
resonances for five aromatic protons at δH 7.50 (each 1H, d, J
= 7.6 Hz, H-12/H-16), 7.39 (1H, t, J = 7.6 Hz, H-14), and
7.26 (each 1H, t, J = 7.6 Hz, H-13/H-15) (Table 1). A
contiguous spin system from H-12 to H-16 observed in the
1H−1H COSY spectrum and HMBC correlations of H-12/H-
16 to a carbonyl carbon C-10 (δC 193.5) constructed an
unsubstituted benzoyl unit (Figure 2). The 13C NMR and
HSQC data assigned an isolated carbonyl carbon at δC 207.4

(C-9), a 1,3-keto−enol system at δC 192.0 (C-2), 168.9 (C-4),
and 114.8 (C-3), three sp3 quaternary carbons at δC 79.6 (C-
1), 57.6 (C-5), and 48.4 (C-8), a methine at δC 44.3 (C-7),
and a methylene at δC 40.5 (C-6), which were indicative of a
benzoylphloroglucinol with a bicyclo[3.3.1]nonane-2,4,9-tri-
one framework. In the HMBC spectrum, only gem-dimethyl
protons at δH 1.12 (H-37) and 1.38 (H-38) correlated to the
deshielded C-1, suggesting that 1 could be a type-A PPBP.
Detailed NMR analysis of 1 showed that it was a derivative of
propolone A,14 a metabolite obtained from Cuban propolis,
where the key difference was the presence of additional signals
corresponding to a prenyl unit in 1. These included a methine
at δH/δC 5.14 (t, J = 7.0 Hz, H-23)/121.7, a methylene at δH/
δC 2.25 (m, H-22a) and 1.82 (m, H-22b)/29.7, two methyls at
δH/δC 1.70 (s, H3-25)/26.0 and 1.62 (s, H3-26)/18.1, and a sp2

quaternary carbon at δC 133.6 (C-24). The continuous COSY
correlations of H2-17/H-18/H2-22/H-23 and the HMBC
cross-peaks of H-22a/H-22b with C-17 (δC 22.4), C-18 (δC
41.3), and C-19 (δC 82.7) confirmed the position of the prenyl
unit at C-18 (Figure 2).

1H−1H coupling constant values and the NOESY experi-
ment were used to determine the relative configuration of 1.
The large coupling constant between H-6ax and H-7 (3J6ax,7 =
∼13.0 Hz) and NOE correlations of H-6eq/H-7, H-6ax/H-
27a, H-6ax/ H3-37, and H3-37/H-32b favored axial placement
for H-7 and equatorial positions for C-27 and C-32 in the chair
conformation of the bridged bicyclic system and those allowed
the benzoyl moiety at C-1 to be equatorially oriented (Figure
3a). The NOE cross-peak of H3-20 and H-7 suggested an endo
orientation of methyl CH3-20. The diaxial orientation of H-
17b and H-18 was deduced from the coupling constant J17b,18 =
11.0 Hz, which was supported by the lack of a NOE correlation

Figure 1. Polyprenylated benzoylphloroglucinols (1−6) isolated from the stem bark of Garcinia picrorhiza and G. gracilis.
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between the two protons. In order to confirm the absolute
configuration, ECD calculations were carried out on two
possible enantiomers of 1: (1S ,5S ,7S ,18R)-1 and
(1R,5R,7R,18S)-ent-1. Conformers for each model with
Boltzmann populations higher than 1% were selected for
subsequent TDDFT-ECD calculation at the B3LYP/6-31+
+G(d,p) level to obtain the averaged spectrum, as shown in
Figure 3b. The computed ECD data of (1S,5S,7S,18R)-1 were
the best fit with that of the experimental ECD spectrum, and
the absolute configuration was determined consequently.

Compound 2 was isolated as brown gum with a molecular
formula of C38H48O6, as deduced from its protonated
molecular ion at m/z 601.3527 [M + H]+ (calcd for
C38H49O6

+, 601.3524) in the HRESIMS analysis. Two
aromatic protons at δH 7.29 (s, H-16)/δC 108.5 and δH 6.88
(s, H-13)/δC 103.3 were assigned in the 1D NMR and HSQC
data. The HMBC data revealed cross-peaks of H-13 with
quaternary carbons C-11 (δC 116.3), C-12 (δC 146.4), C-14
(δC 154.7), C-15 (δC 152.0), and H-16 with conjugated
carbonyl carbon C-10 (δC 181.5), C-12, C-14, and C-15, which
indicated a 2,4,5-trioxygenated benzoyl moiety (Figure 2). The
13C NMR resonances corresponding to a carbonyl carbon at δC
211.7 (C-9), an enolic system at δC 165.5 (C-3) and 121.7 (C-
2), four sp3 quaternary carbons at δC 81.8 (C-1), 62.3 (C-4),
50.9 (C-5), and 57.5 (C-8), a methine at δC 45.1 (C-6), and a
methylene at δC 41.8 (C-7) were once again associated with a
bicyclo[3.3.1]nonane skeleton in the PPBP structure of 2
(Table 1). The above analysis, together with a detail
comparison of the NMR data of 2 and garcinoxanthocin A,15

reinforced the construction of a benzoylphloroglucinol in
which one oxygen of the keto−enol system was connected to
C-12 of the benzoyl ring. A continuous spin system of H-29/
H-30/H-34/H-35 observed in the COSY spectrum and the
HMBC correlations of H-29 to C-1, C-8, and C-9 and H-34 to
C-1 completed the assignment of the six-membered ring
positioned at C-1 and C-8 in the bicyclic ring of 2 (Figure 2).
Two propylene moieties at C-30 and C-35 were deduced by
the resonances for two terminal olefinic protons at δH 4.80 and
4.75 (each 1H, s, H-32a, and H-32b)/δC 109.2 and 4.48 and
4.28 (each 1H, s, H-37a, and H-37b)/δC 114.3, two sp2

quaternary carbons at δC 151.2 (C-31) and 148.1 (C-36),
and the HMBC correlations of methyl H-33 to C-30, C-31,
and C-32 and methyl H-38 to C-35, C-36, and C-37.

The diaxial coupling constant between H-6 and H-7ax
(3J6,7ax = 14.0 Hz) and NOE correlations of H-17a/H-23, H-
23/H-24a, H-22/H-7ax, and H-6/H-7eq were observed in 2,
suggesting the equatorial orientation of C-17 and C-24 in a
chair conformation of the bicyclic part (Figure 3a). Meanwhile,
a quartet proton H-34ax with an J value of 12.4 Hz suggested
that this proton was flanked by two adjacent axial protons H-
30 and H-35 and required itself to be axially oriented in a chair
conformation of the cyclohexane moiety, which was further
supported by the 1,3-diaxial interactions of H-29ax/H-34ax
and H-30/H-35 in the NOESY spectrum. The NOE
correlation between H-35 and H-7eq allowed methines H-30
and H-35 to be pointed toward the endo side of the bicyclic
ring. Since the relative configuration at C-1 could not be
defined by the NOESY data, the theoretical NMR/DP4+
analysis was performed on model (1S,4R,6R,8R,30R,35R)-2a
and its diastereomer (1R,4R,6R,8R,30R,35R)-2b. The DP4+
statistical results indicated the predominance of the 1S isomer
in 2a with a probability of 100% in all H and C data (Table
S1). The absolute configuration of 2 was determined as

Table 1. 1H (400 MHz) and 13C (100 MHz) NMR
Spectroscopic Data of 1 and 2 (δ in ppm)

position

1a

position

2b

δH (J in Hz) δC δH (J in Hz) δC

1 79.6 1 81.8
2 192.0 2 121.7
3 114.8 3 165.5
4 168.9 4 62.3
5 57.6 5 50.9
6eq 1.95, dd (13.0,

4.2)
40.5 6 1.04c 45.1

6ax 1.43, t (13.0) 7a 2.39, t (14.0) 41.8
7 1.60c 44.3 7b 1.47, dd (14.0,

5.6)
8 48.4 8 57.5
9 207.4 9 211.7
10 193.5 10 181.5
11 136.8 11 116.3
12 7.50, d (7.6) 128.6 12 146.4
13 7.26, t (7.6) 128.0 13 6.88, s 103.3
14 7.39, t (7.6) 132.0 14 154.7
15 7.26, t (7.6) 128.0 15 152.0
16 7.50, d (7.6) 128.6 16 7.29, s 108.5
17a 2.52, dd (17.0,

5.2)
22.4 17a 2.84, dd (14.0,

4.8)
28.1

17b 1.94, dd (17.0,
11.0)

17b 2.76, dd (14.0,
8.8)

18 1.70c 41.3 18 4.73, t (7.2) 121.0
19 82.7 19 135.6
20 1.17, s 20.3 20 1.46, s 26.4
21 1.48, s 27.4 21 1.71, s 18.5
22a 2.25, brdt (14.0,

4.8)
29.7 22 0.94, s 20.1

22b 1.82, dd (14.0,
8.4)

23 1.02, s 25.5

23 5.14, t (7.0) 121.7 24a 1.97, brd (10.0) 29.8
24 133.6 24b 1.59, dd (10.0,

4.0)
25 1.70, s 26.0 25 4.96, t (7.2) 124.2
26 1.62, s 18.1 26 134.3
27a 2.54, dd (14.0,

6.0)
29.0 27 1.68, s 25.9

27b 2.43, dd (14.0,
7.2)

28 1.53, s 18.0

28 5.03, t (6.8) 119.5 29ax 1.96, dd (12.4,
4.0)

34.9

29 134.2 29eq 1.48, t (12.4)
30 1.67, s 26.2 30 2.76, td (12.4,

4.4)
40.8

31 1.65, s 18.4 31 151.2
32a 2.16, dd (13.4,

5.8)
26.9 32a 4.80, s 109.2

32b 1.69c 32b 4.75, s
33 4.98, t (6.8) 122.9 33 1.79, s 21.0
34 133.4 34ax 2.07, q (12.4) 32.3
35 1.67, s 25.9 34eq 1.36, d (12.4)
36 1.57, s 17.9 35 1.79c 57.4
37 1.12, s 16.0 36 148.1
38 1.38, s 23.8 37a 4.48, s 114.3

37b 4.28, s
38 1.73, s 21.7

aRecorded in CDCl3.
bRecorded in methanol-d4.

cOverlapping signals
and the data are deduced from HSQC or HMBC spectra.
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(1S,4R,6R,8R,30R,35R) according to the similarity of the
experimental ECD spectrum of 2 with that of the calculated
ECD spectrum of 2a, as shown in Figure 3b.

No less than 250 PPBPs present in various Garcinia plants,
with the majority falling into type-B structures. A few numbers

of type-A derivatives, including picrorhizone I (1), were
discovered in this genus with Garcinia multiflora and Garcinia
subelliptica as the main producers, whereas their abundance
were previously recognized in Hypericum genera with common
structures containing nonaromatic acyl groups (e.g., isopropyl

Figure 2. Key COSY and HMBC correlations of compounds 1 and 2.

Figure 3. (a) Selected NOESY correlations of 1 and 2. (b) Experimental and calculated ECD spectra of 1 and 2.
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and s-butyl).2 Within the B-class, picrorhizone J (2) and
garciyunnanin L (5) were biosynthesized via oxidative
cyclization of the enol moiety at C-3 to the C-12 of benzoyl
group, which form a xanthone-like structure,16 while C−C
bond formation between the C-24 prenyl side chain and C-2 in
garcinol (3) generates a tricyclic adamantane skeleton as in
garciniagifolone A (6).17

Cytotoxic Assay. In vitro cytotoxic screening of the
isolated compounds (1−6) was initially conducted using the
MTT assay on KB and Hela S3 cancer cells. The tested
samples showing an IC50 value lower than 10 μM against the
two cell lines were further evaluated on their inhibitory effects
against the other three cancer cell lines, including MCF-7, Hep
G2, and HT-29, as described in Table 2. The cyclization of
lavandulyl functionality at C-8, forming a six-membered ring as
in isogarcinol (4), could enhance the cytotoxic effects against
KB and Hela S3 cell lines with IC50 values ∼3-fold lower than
those containing the free side chain as in garcinol (3). Another
compound having the similar pattern, garciyunnanin L (5),
also significantly suppressed the growth of three human cancer
cells (KB, Hela S3, and Hep G2) with IC50 values ranging from
2.37−8.02 μM.

Previous reports revealed that the cyclized PPBP derivatives
as in isoxanthochymol, xanthochymusones D, E, and I were
active against a panel of human cancer cells, including A549,
B16, Huh-7, and Hep 3B with IC50 values lower than 25 μM,
while a decreased cytotoxic effect was observed in its analogue,
xanthochymol, bearing a free lavandulyl moiety at C-8.18,19

Not only having anticancer activities, the cyclic products of 7-
epi-garcinol were found to be significantly active as antimalarial
agents against the FcB1 strain of Plasmodium falciparum with
IC50 values up to ∼5-fold better than its ring-opening form.20

These initial findings provide insight for the structure
modification of PPBPs with the main focus on the cyclization
of side chains to the ketol-enol moiety to further understand
their structure−activity relationships.

■ CONCLUSIONS
Two new PPBPs, picrorhizones I (1) and J (2), from the stem
bark of G. picrorhiza and four known derivatives, including
garcinol (3), isogarcinol (4), garciyunnanin L (5), and
garciniagifolone A (6), from the stem bark of G. gracilis were
isolated. The discovery of the minor group of type-A PPBPs in
Garcinia plants, including picrorhizone I, could enrich the
phytochemical diversity of the genus which differ to those
present in other genera, such as Hypericum with the majority
containing aliphatic acyl moieties. The potent antiproliferative
properties of isogarcinol and garciyunnanin L against KB and

Hela S3 cancer cell lines (IC50 < 10 μM) prompt for further
studies in detailed mechanisms in action.

■ METHODS
General Experimental Procedures. Optical rotations

were measured on a JASCO P-1010 polarimeter (JASCO
Corporation, Easton, MD, USA). The IR data were obtained
on a Nicolet 6700 FT-IR spectrometer using the KBr disk
method (Thermo Fisher Scientific, Waltham, MA, USA). The
experimental ECD data were recorded on a JASCO Model J-
815 spectropolarimeter (JASCO Corporation). The NMR
spectra were acquired on a Bruker 400 AVANCE (Bruker,
Rheinstetten, Germany) and a JEOL JNM-ECZ500 R/S1
(JEOL Ltd., Tokyo, Japan) NMR spectrometer in CDCl3 and
methanol-d4 (Merck, Darmstadt, Germany). The HRMS
spectra were recorded using a Bruker MICROTOF model
mass spectrometer (Bruker, Billerica, MA, USA). Silica gel
(70:230 mesh, Merck, Darmstadt, Germany), Sephadex LH-20
(25:100 mm, GE Healthcare Bio-Sciences AB, Uppsala,
Sweden), and Chromatorex ODS/RP-C18 (100:200 mesh;
Fuji Silysia Chemical Ltd., Tokyo, Japan) were used for
column chromatography. Radial chromatography (Chromato-
tron model 7924 T, Harrison Research, Palo Alto, California,
USA) was carried out on silica gel 60 GF254 containing gypsum
(Merck).
Plant Material. The stem bark of G. picrorhiza was

collected in Bogor Botanical Garden, Bogor, Indonesia
(6°35′51″ S 106°47′55″ E) in July 2006. The plant material
was identified by Dr. Rismita Sari, and a voucher specimen
(no. VI.A.26) was deposited at Bogor Botanical Garden,
Indonesia. The stem bark of G. gracilis was purchased from
Saraburi Province, Thailand (14°30′53″ N 100°54′32″ E) in
April 2018. The plant authentication was conducted by
comparing the sample with a voucher specimen (GG-
022554) deposited at the Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Thailand.
Extraction and Isolation. The extraction of G. picrorhiza

stem bark and liquid−liquid partition of the MeOH crude
extract using CH2Cl2 and EtOAc was in accordance to the
previous procedure.10 The silica gel column chromatographic
fractionation of the CH2Cl2-soluble fraction (54.1 g) was
performed with hexanes/EtOAc (95:5−0:100) to obtain
fractions A−R. Fraction C (327.0 mg) was subjected to a
Sephadex LH-20 column with CH2Cl2/MeOH (50:50) to
yield subfractions C1−C3. Subfraction C2 (102.6 mg) was
then chromatographed on a silica gel column eluted with
hexanes/CH2Cl2 (75:25) to obtain subfractions C2.1−C2.3.
Compound 1 (5.8 mg) was purified from the last subfraction
(44.2 mg) by a Chromatotron using hexanes/EtOAc (95:5).

Table 2. Cytotoxic Activitya of Isolated Compounds (1−6) Against Five Human Cancer Cell Lines

compound

IC50 ± SD (μM)

KB Hela S3 MCF-7 Hep G2 HT-29

1 20.71 ± 2.24 26.29 ± 1.65 NT NT NT
2 21.71 ± 0.75 31.45 ± 0.21 NT NT NT
3 18.27 ± 2.11 26.74 ± 0.92 NT NT NT
4 5.39 ± 0.49 9.27 ± 1.08 19.72 ± 1.73 35.38 ± 2.17 45.76 ± 1.84
5 2.37 ± 0.69 4.72 ± 1.02 15.39 ± 1.28 8.02 ± 0.74 16.74 ± 0.28
6 13.48 ± 1.27 19.78 ± 0.76 NT NT NT
Doxorubicinb 0.02 ± 0.01 0.15 ± 0.02 1.29 ± 0.02 1.00 ± 0.17 0.59 ± 0.03

aResults are expressed as means ± SD of three replicates. bDoxorubicin was used as the positive control.9 Note: IC50 ≤ 10 μM = good cytotoxicity,
10 μM < IC50 ≤ 50 μM = moderate cytotoxicity, 50 μM < IC50 ≤ 100 μM = weak activity, IC50 > 100 μM = not active, and NT = not tested.
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Fraction Q (3.3 g) was separated using a silica gel column
eluted with a gradient elution of hexanes/EtOAc (75:25−
20:80) to give three subfractions (Q1−Q3). Compound 2 (5.3
mg) was obtained from the purification of subfraction Q1
(98.2 mg) using a RP-C18 column using an eluent system of
MeOH/H2O (80:20).

The extraction of G. gracilis stem bark (5.0 kg) was
performed at room temperature using MeOH (20 L each for 3
days). The crude extract obtained after solvent removal was
suspended in distilled water and applied to the liquid−liquid
partition by CH2Cl2 and EtOAc. The CH2Cl2-soluble fraction
(300.0 g) was subjected to a silica gel column with hexanes/
EtOAc (100:0−0:100) to generate 12 fractions (A−L).
Fraction C (4.8 g) was loaded into a Sephadex LH-20 column
with CH2Cl2/MeOH (50:50) to give subfractions C1−C3, by
which subfraction C1 (1.6 g) was rechromatographed using
the same technique and solvent system to afford four
subfractions (C1.1−C1.4). Purification of subfraction C1.1
(356.1 mg) by an RP-C18 column with an isocratic system of
MeCN/H2O (80:20) gave compound 3 (52.7 mg). Sub-
fraction C1.2 (508.4 mg) was loaded into an RP-C18 column
eluted with MeCN/H2O (80:20) to yield subfractions C1.2.1−
C1.2.7. Subfraction C1.2.2 (37.6 mg) was further purified by a
Chromatotron using an eluent mixture of hexanes/EtOAc
(70:30) to afford compound 6 (3.1 mg). Subfraction D (2.9 g)
was fractionated by a Sephadex LH-20 column with CH2Cl2/
MeOH (50:50) to provide subfractions D1−6, in which
compound 4 (19.5 mg) was obtained as a precipitate from
subfraction D2. Separation of fraction E (6.4 g) was conducted
using a Sephadex LH-20 column with CH2Cl2:MeOH (50:50)
to give seven subfractions (E1−E7). Subfraction E2 (672.3
mg) was further subjected on an RP-C18 column eluted with
MeOH/H2O (80:20) to obtain subfractions E2.1−E2.3, and
compound 5 (8.4 mg) was purified from subfraction E2.3
(89.0 mg) by a Chromatotron with an isocratic system of
hexanes/EtOAc (70:30).
Picrorhizone I (1). Pale brown gum; [α]D

20 −45.0 (c 0.10,
CHCl3); ECD (c 0.001, MeOH) λmax (Δε) 207 (+16.5), 227
(−14.7), 250 (+17.3), 274 (−43.0), 304 (−2.8), 321 (−3.8)
nm; IR νmax (KBr): 3435, 2928, 1720, 1599, 1375, 1224 cm−1;
1H (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3)
spectroscopic data, see Table 1; and HRESIMS m/z 593.3592
[M + Na]+ (calcd for C38H50O4Na+, 593.3601).
Picrorhizone J (2). Brown gum; [α]D

20 −6.3 (c 0.07,
MeOH); ECD (c 0.001, MeOH) λmax (Δε) 214 (−16.6),
233 (+8.6), 251 (+0.3), 264 (+2.4), 286 (−6.3), 305 (+0.8),
322 (−2.6), 350 (+0.6) nm; IR νmax (KBr): 3385, 2972, 1721,
1621, 1474, 1376, 1292 cm−1; 1H (400 MHz, methanol-d4)
and 13C NMR (100 MHz, methanol-d4) spectroscopic data,
see Table 1; and HRESIMS m/z 601.3527 [M + H]+ (calcd for
C38H49O6

+, 601.3524).
ECD and NMR Chemical Shift Calculations. Conforma-

tional analysis of 1 and 2 were carried out using Molecular
Operating Environment (MOE) software under MMFF94
molecular mechanics force field with Monte Carlo searching.21

The lowest-energy conformers contributing to more than 1.0%
of the Boltzmann population were optimized by density
functional theory (DFT) at the B3LYP/6-31++G(d,p) level of
theory. Time-dependent (TD)-DFT B3LYP/6-31++G(d,p)
incorporating polarizable continuum model (PCM) with
methanol as a solvent and n states = 50 was performed for
ECD calculation. The theoretical ECD spectra obtained were
visualized using SpecDis 1.71 with σ = 0.2.22 The final spectra

were generated according to the Boltzmann weighting of each
conformer. The NMR chemical shift calculations using the
gauge-including atomic orbital (GIAO) method were
performed at the B3LYP/6-31++G(d,p) level, and frequency
analysis was carried out at the same theoretical level to confirm
that there were no imaginary frequencies. The calculated
shielding tensors were subjected to DP4+ probability measure
by weighing the Boltzmann distribution rate23 and a
multistandard method was used to determine the chemical
changes.24,25 Methanol and benzene were used as references
for calculating the chemical shifts of sp3- and sp2-hybridized
carbon atoms, respectively. The DFT, TD-DFT, and GIAO
NMR calculations were carried out using Gaussian16
program.26

Cytotoxicity Assay. The cytotoxic evaluation of com-
pounds 1−6 was performed by the MTT colorimetric method
against human epidermoid carcinoma (KB), cervical carcinoma
(HeLa S3), breast adenocarcinoma (MCF-7), hepatocellular
carcinoma (Hep G2), and colon adenocarcinoma (HT-29)
following the previous protocol.9 The cells were maintained in
minimum essential medium Eagle, supplemented with 10%
fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL
streptomycin sulfate (Gibco, Rockville, MD, USA) at 37 °C in
an atmosphere of 5% CO2. The cell aliquots were seeded in 96-
well plates (3000 cells/well) and incubated for 24 h. The cells
were then treated with different concentrations of the tested
compounds (0.3−100 μM) and further incubated with the
same condition. After a 72 h incubation, the cells were washed
with PBS, and 20 μL of MTT solution (5 mg/mL in PBS,
Sigma, St. Louis, MI, USA) was added to each well with
additional incubation of 3 h. The supernatant was decanted
and mixed with DMSO (100 μL per well). The formazan
formation was determined colorimetrically at 550 nm by a
microplate reader (Tecan Trading AG, Switzerland). Control
cells were treated with 0.1% DMSO and doxorubicin was used
as a positive control. The data obtained represent mean ± SD
from three experiments.
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