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ABSTRACT

We describe here the isolation of 6 xanthones and one phenyl-γ-pyrone, together with 
3-epibetulinic and quercetine from the aerial parts of Hypericum laricifolium Juss. 
(Hypericaceae), collected in Peru. Isolated compounds have been evaluated against 
proliferation of human hepatocellular carcinoma Hep3B cells. The most active compound 
was xanthone 3, with an inhibitory concentration (IC50) of 12 µM.
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XANTONAS AISLADAS DE Hypericum laricifolium Juss. Y SU 
ACTIVIDAD ANTIPROLIFERATIVA CONTRA 

LAS CÉLULAS HEP3B

RESUMEN 

En el presente trabajo se describe el aislamiento de 6 xantonas, una fenil-γ-pirona, el ácido 
3-epibetulínico y quercetina a partir de las partes aéreas de Hypericum laricifolium Juss. 
(Hypericaceae), colectada en Perú. Los compuestos aislados fueron evaluados por su 
capacidad para inhibir el crecimiento de células de hepatocarcinoma humano Hep3B. El 
compuesto más activo fue la xantona 3, con una concentración inhibitoria (CI50) de 12 µM.
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INTRODUCTION

The genus Hypericum includes 469 species, and belongs to the Hypericaceae family. 
This genus is present all over the world, with native or introduced species. Hypericum 
laricifolium Juss. is distributed in South America along the Andes cordillera from Western 
Venezuela, to the eastern part of Colombia, Ecuador and Peru. In Peru, H. laricifolium is 
traditionally used in the high Andes for bath against cold and post-partum bath under the 
name “cipres” or “romerillo”1, its also known as “Chinchango”. Two previous chemical 
investigations have been published and report the presence of hentriacontanyl caffeate, 
nonacosanyl caffeate. stigmasterol, β-sitosterol, 3-epi-betulinic acid, caffeic acid, ferulic 
acid, docosanol, p-hydroxybenzoic acid, 3,4-dimethoxy benzoic acid, quercetin, quercetin-
3-O-galactoside, quercetin-3-O-rutinoside, quercetin-3-O-rhamnoside, quercetin-3-O-
glucuronide and shikimic acid2, as well as xanthones, 1-hydroxy-7-methoxyxanthone, 
1,7-dihydroxyxanthone, 2-hydroxyxanthone, 6-deoxyisojacareubin, 1,3-dihydroxy-6-
methoxyxanthone, and 1,5,6-trihydroxy-7-methoxyxanthone3.

In a former publication1, we have described the good activity of an ethanolic extract from 
Hypericum laricifolium against the growth of human hepatocellular carcinoma Hep3B cells. 
The lack of effective treatments against human hepatocellular carcinoma (HCC) prompted us 
to isolated and identify the compounds responsible for this activity.

In this work, we report the isolation from Hypericum laricifolium aerial part of one phenyl-
γ-pyrone, the hyperbrasilone 1 and 6 xanthones 2-7. Hyperbrasilone 1 and xanthones 3-7 
are described for the first time in the species. 3-epi-betulinic acid 8 and quercetine 9 have 
also been isolated. Eight compounds have been evaluated against proliferation of human 
hepatocellular carcinoma Hep3B cells.

EXPERIMENTAL PART

Plant material
Aerial parts of Hypericum laricifolium Juss. were collected in Huaraz surroundings (Ancash 
department, Peru), at the altitude of  3900 m a.s.l. and identified by  specialists.

Isolation of compounds
Aerial parts were dried at ambient temperature, away from sun, and then grinded. 650 g of 
powdered plant were then extracted three times with 5.6 L of ethanol 96o, to give 91.5 g of 
extract E. Extract E (55 g) was partitioned in 2 L of water and 2 L of ethyl acetate, to give 
an aqueous phase, and 21.6 g of an extract EA. 1.4 g of extract EA were submitted to two 
successive medium pressure liquid chromatographies (MPLC) on silica gel to give 6.6 mg of 
hyperbrasilone 1 and 4.3 mg of 1,7-dihydroxy-xanthone 2. 

Then, 9.1 g of EA extract were partitioned in 280 mL of petroleum ether and 280 mL of 
methanol-water 90-10, to give 2.40 g of extract PE and 6.70 g of extract MW. The extract 



Marlon Miguel Morales Moisela, Orianne Brel, Geneviève Bourdy, Mercedes Gonzales de La Cruz...430

Rev Soc Quím Perú. 84(4) 2018

MW (6.7 g) was absorbed on 70 g of silica gel. This solid was then successively extracted 
with mixtures of petroleum ether-ethyl acetate of increasing polarity to give four fractions A 
(1.5 g), B (1.5 g), C (1.7 g), D (1.7 g). Fraction A, extracted with a mixture of petroleum ether 
/ ethyl acetate 80 / 20, was submitted to column chromatography on silica gel, eluted with 
mixtures of petroleum ether / ethyl acetate of increasing polarity, from petroleum ether / ethyl 
acetate 80 / 20 to pure ethyl acetate. 15 fractions were obtained, A1 to A15.

A2 (97.4 mg) was submitted to column chromatography on silica gel, eluted with petroleum 
ether then petroleum ether / dichloromethane 50 / 50 to give A2-2 (8.0 mg), identified 
as 3 A4 (115.0 mg) was submitted to column chromatography on silica gel, eluted with 
mixtures of dichloromethane / methanol of increasing polarity, from pure dichloromethane 
to dichloromethane 2% methanol, to give  A4-1 (3.4 mg), identified as 1,3,8-trihydroxy-2-
methoxy-xanthone 4, A4-2 (5.1 mg), A4-3 (5.5 mg) and A4-4 (37.2 mg). A4-2 and A4-3 were 
submitted to chromatography on Sephadex LH-20, eluted with methanol to give respectively 
A4-2-1 (3.0 mg) identified as 1,3-dihydroxy-2-methoxyxanthone 5, and A4-3-1 (1.0 mg) 
identified as 2,8-dihydroxy-1-methoxyxanthone 6. A4-4 was washed with methanol to give 
A4-4-1 as a white precipitate (11.5 mg) identified as 3-epi-betulinic acid 8.

A7 (19.1 mg) was submitted to successive columns chromatographies on silica gel and 
Sephadex LH-20 to give 3,8-dihydroxy-1,2-dimethoxyxanthone (0.6 mg) 7. 

A13 (50.0 mg) was washed with dichloromethane / methanol 90 / 10 to give 8.2 mg of a 
yellow solid identified as quercetine 9. 

 

Figure 1. Structure of compounds isolated from Hypericum laricifolium 

 

Identification of compounds 

Hyperbrasilone 1 was isolated as a colorless oil. 1H-RMN (CDCl3) δ: 1.25 (3H, s), 1.42 (3H, 

d, J = 6.7 Hz), 1.44 (3H, s), 4.59 (1H, q, J = 6.7 Hz), 6.40 (1H, s), 6.98 (2H, d, J = 4.9 Hz), 

6.67 (2H, d, J = 4.9 Hz). 13C-RMN (CDCl3) δ: 14.6, 20.3, 25.5, 42.7, 91.8, 92.3, 108.3, 116.1, 

123.9, 127.9, 159.1, 161.7, 163.5, 170.5. These data were compared with those previously 

published4. The absolute configuration of the chiral center was not determined, neither in this 

work, nor in the original publication. 

1,7-dihydroxyxanthone 2 was isolated as a yellow solid. 1H-RMN (CDCl3 + 10% CD3OD) δ: 

6.75 (1H, dd, J = 8.2, 0.9 Hz) , 6.91 (1H, dd, J = 8.4, 0.9 Hz), 7.29 (1H, dd, J = 9.0, 3.0 Hz), 

7.36 (1H, d, J = 9.4 Hz), 7.50 (1H, d, J = 2.8 Hz), 7.56 (1H, dd, J = 8.3, 8.3 Hz). 13C-RMN 

(CDCl3 + 10% CD3OD) δ: 107.1, 108.2, 109.7, 119.1, 120.8, 125.5, 136.6, 153.7, 156.5, 

161.3, 182.5. APCI-MS m/z: 229 (MH+). These data were compared with those previously 

published5. 

 

Figura 1. Structure of compounds isolated from Hypericum laricifolium
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Identification of compounds
Hyperbrasilone 1 was isolated as a colorless oil. 1H-RMN (CDCl3) δ: 1.25 (3H, s), 1.42 (3H, 
d, J = 6.7 Hz), 1.44 (3H, s), 4.59 (1H, q, J = 6.7 Hz), 6.40 (1H, s), 6.98 (2H, d, J = 4.9 Hz), 
6.67 (2H, d, J = 4.9 Hz). 13C-RMN (CDCl3) δ: 14.6, 20.3, 25.5, 42.7, 91.8, 92.3, 108.3, 116.1, 
123.9, 127.9, 159.1, 161.7, 163.5, 170.5. These data were compared with those previously 
published4. The absolute configuration of the chiral center was not determined, neither in this 
work, nor in the original publication.

1,7-dihydroxyxanthone 2 was isolated as a yellow solid. 1H-RMN (CDCl3 + 10% CD3OD) δ: 
6.75 (1H, dd, J = 8.2, 0.9 Hz) , 6.91 (1H, dd, J = 8.4, 0.9 Hz), 7.29 (1H, dd, J = 9.0, 3.0 Hz), 
7.36 (1H, d, J = 9.4 Hz), 7.50 (1H, d, J = 2.8 Hz), 7.56 (1H, dd, J = 8.3, 8.3 Hz). 13C-RMN 
(CDCl3 + 10% CD3OD) δ: 107.1, 108.2, 109.7, 119.1, 120.8, 125.5, 136.6, 153.7, 156.5, 
161.3, 182.5. APCI-MS m/z: 229 (MH+). These data were compared with those previously 
published5.

Compound 3 was isolated as a yellow-orange oil 1H-RMN (CDCl3) δ: 1.52 (6H, se), 1.53 
(6H, se), 1.71 (6H, se), 2.84 (2H, dd, J = 13.7, 8.1 Hz), 3.45 (2H, dd, J = 13.7, 7.0 Hz), 4.68 
(m, 2H), 5.42 (1H, dd, J = 10.5, 0.8 Hz), 5.50 (1H, dd, J = 17.8, 0.8 Hz), 6.32 (s, 1H), 6.48 
(1H, dd, J = 17.8, 10.5 Hz), 6.50 (s, 1H), 13.44 (s, 1H). 13C-RMN (CDCl3) δ: 18.0, 25.8, 28.2, 
37.9, 40.9, 55.8, 101.6, 105.7, 108.2, 109.2, 113.6, 116.2, 117.7, 135.4, 149.0, 151.8, 154.8, 
158.6, 161.1, 161.3, 179.5, 201.4. APCI-MS m/z: 465 (MH+). These data were compared with 
those previously published6.

1,3,8-trihydroxy-2-methoxyxanthone 4 was isolated as a yellow solid. 1H-RMN (CDCl3 + 
10% CD3OD) δ: 3.91 (s, 3H), 6.44 (s, 1H), 6.73 (1H, d, J = 8.3 Hz) , 6.84 (1H, d, J = 8.4 Hz), 
7.52 (1H, t, J = 8.4 Hz), 11.94 (s, 1H), 12.11 (s, 1H). 13C-RMN (CDCl3 + 10% CD3OD) δ: 
60.8, 94.4, 102.4, 107.0, 107.0, 110.4, 130.5, 136.6, 153.3, 153.4, 156.1, 158.4, 160.8, 184.8. 
APCI-MS m/z: 275 (MH+). These data were compared with those previously published7.

1,3-dihydroxy-2-methoxyxanthone 5 was isolated as a yellow solid. 1H-RMN (CDCl3) δ: 
4.07 (s, 3H), 6.57 (s, 1H), 7.41 (1H, ddd, J = 8.4, 1.1, 0.5 Hz), 7.47 (1H, ddd, J = 8.1, 7.1, 
1.1 Hz), 7.75 (1H, ddd, J = 8.0, 1.7, 0.5 Hz), 8.28 (1H, ddd, J = 8.5, 7.1, 1.7 Hz). 13C-RMN 
(CDCl3) δ: 61.0, 93.4, 104.2, 117.7, 120.2, 124.0, 125.8, 129.5, 135.0, 153.4, 153.4, 156.1, 
156.4, 181.3. APCI-MS m/z: 259 (MH+). These data were compared with those previously 
published8.

2,8-dihydroxy-1-methoxyxanthone 6 was isolated as a white solid. 1H-RMN (CDCl3) δ: 4.07 
(s, 3H), 6.80 (1H, dd, J = 8.2, 1.0 Hz), 6.90 (1H, dd, J = 8.4, 1.0 Hz), 7.24 (1H, d, J = 9.0 
Hz), 7.45 (1H, d, J = 9.1 Hz), 7.59 (1H, dd, J = 8.3, 8.3 Hz), 12.91 (s, 1H). 13C-RMN 
(CDCl3) δ: 62.7, 106.5, 109.0, 110.3, 114.2, 114.7, 123.3, 136.6, 144.2, 145.4, 150.8, 155.8, 
161.9, 182.1. APCI-MS m/z: 259 (MH+). These data were compared with those previously 
published9.
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3,8-dihydroxy-1,2-dimethoxyxanthone 7 was isolated as a yellow solid. 1H-RMN (CDCl3) δ: 
4.04 (s, 3H), 4.06 (s, 3H), 6.78 (1H, dd, J = 8.2, 1.0 Hz), 6.81 (s, 1H), 6.85 (1H, dd, J = 8.3, 
1.0 Hz), 7.54 (1H, dd, J = 8.3, 8.3 Hz), 13.14 (s, 1H). 13C-RMN (CDCl3) δ: 61.8, 62.0, 99.0, 
106.2, 108.8, 109.2, 110.6, 136.0, 137.4, 152.2, 154.6, 155.5, 155.8, 162.1, 181.5. APCI-MS 
m/z: 289 (MH+). These data were compared with those previously published10.

3-epibetulinic acid 8 was isolated as a white solid. 1H-RMN (CDCl3 + 10% CD3OD) δ: 0.61 
(1H, m), 0.68 (3H, s), 0.75 (3H, s), 0.87 (3H, s), 0.88 (3H, s), 0.90 (3H, s), 1.65 (3H, s), 1.03-
1.70 (19H, m), 1.87 (2H, m), 2.18 (2H, m), 2.94 (1H, td, J = 10.6-4.5 Hz), 3.09 (1H, dd, J = 
10.6-5.7 Hz), 4.53 (1H, s), 4.65 (1H, s). 13C-RMN (CDCl3 + 10% CD3OD) δ: 179.2, 150.5, 
109.4, 78.8, 56.3, 55.5, 50.5, 49.2, 46.9, 42.4, 40.6, 38.7, 38.6, 38.2, 37.1, 37.0, 34.2, 32.2, 
31.9, 30.6, 27.8, 27.0, 25.4, 20.9, 19.2, 18.3, 16.1, 15.9, 15.3, 14.6. APCI-MS m/z: 439 (M-
OH)+. These data were compared with those previously published11

Quercetin 9 was isolated as a yellow solid. 1H-RMN (DMSO-d6) δ: 6.19 (1H, d, J = 2.0 Hz), 
6.41 (1H, d, J = 2.0 Hz), 6.89 (1H, d, J = 8.5 Hz), 7.54 (1H, dd, J = 8.5, 2.2 Hz), 7.68 (1H, 
d, J = 2.2 Hz). 13C-RMN (DMSO-d6) δ: 93.9, 98.6, 103.4, 115.5, 116.0, 120.4, 122.4, 136.3, 
145.4, 147.3, 148.2, 156.5, 161.2, 164.4, 176.3. APCI-MS m/z: 303 (MH+). These data were 
compared with those previously published12.

Measurement of the antiproliferative activity on Hep3B cells.
An already published protocol was followed1, with slight modifications. The human cancer 
cell line Hep3B has been cultivated as described and double each 20 h in our culture 
conditions. In this assay, Hep3B cells were seeded in 96-well plates at a density of 5 x 103 

cells per well and after 18 h of adhesion, incubated for 72 h with compounds following the 
concentration range: 0.1, 1, 10, 25, 50, 100 µg/mL in DMEM supplemented with 0.1% of 
DMSO. Their growth was measured using an ATP-based luminescence assay (ATPliteTMkit, 
Perkin Elmer, France).  72 h after cells treatment by extracts, luminescence was read on 
a Trilux reader (Perkin Elmer). The 50% inhibitory concentration (IC50) of each extract 
was determined based on 3 independent experiments using the GraphPad Prism software 
(GraphPad Software Inc., USA).

RESULTS AND DISCUSSION

Compounds have been isolated after successive chromatographies on silica gel and Sephadex 
LH-20 from an ethanolic extract of Hypericum laricifolium aerial part displaying a good 
antiproliferative activity on Hep3B cells (IC50 = 11.5 µg/mL). Their structures were 
established on the basis of 1D and 2D NMR spectra (1H, 13C, COSY, HSQC, HMBC) and 
mass spectrometry, and verified by comparison with previously published spectroscopic data. 

3-epibetulinic acid 8 and quercetin 9 are ubiquitous in plants, and have already been isolated 
from H. laricifolium2,3. 1-7 dihydroxyxanthone 2 was also reported in Hypericum laricifolium3. 
Interestingly, all other 6 compounds are reported in Hypericum laricifolium for the first time, 
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and 1,3,8-trihydroxy-2-methoxyxanthone 4 and 2,8-dihydroxy-1-methoxyxanthone 6 have 
never been reported in the genus Hypericum. Interestingly, the 4 xanthones 4-7 reported 
here are different from the xanthones reported in a previous work3, describing the chemical 
composition of Hypericum laricifolium collected in Venezuela, suggesting that xanthones 
metabolites of this species could vary according to location, or season of collect, and raises 
the hypothesis of an epigenetic influence of xanthones metabolites production in the H. 
laricifolium specie.

Concerning the antiproliferative activity on human Hep3B cells, the interesting activity 
previously observed for an ethanolic extract of H. laricifolium prompted us to test the isolated 
compounds on Hep3B cells culture and determine their IC50. The most active compounds 
are xanthone 3 and 1,3,8-trihydroxy-2-methoxyxanthone 4 with an IC50 of 12 µM and 22 
µM respectively. These activity are in the same range as the activity of the reference drug 
Sorafenib (Table 1).

To the best of our knowledges, the only activity of xanthones or xanthone derivatives against 
the growth of Hep3B cells is reported for gambogic acid, a xanthone derivatives isolated 
from the tree Garcinia hanburryi. Gambogic acid inhibits the growth of Hep3B through 
apoptotic pathways with an IC50 of 1.8 µM13.

 Allaxanthone C, structurally close to 3, have been shown to induce a prolongation of survival 
in a xenograft murine model of human chronic lymphocytic leukemia14.

describing the chemical composition of Hypericum laricifolium collected in Venezuela, 

suggesting that xanthones metabolites of this species could vary according to location, or 

season of collect, and raises the hypothesis of an epigenetic influence of xanthones 

metabolites production in the H. laricifolium specie. 

 

Concerning the antiproliferative activity on human Hep3B cells, the interesting activity 

previously observed for an ethanolic extract of H. laricifolium prompted us to test the isolated 

compounds on Hep3B cells culture and determine their IC50. The most active compounds are 

xanthone 3 and 1,3,8-trihydroxy-2-methoxyxanthone 4 with an IC50 of 12 µM and 22 µM 

respectively. These activity are in the same range as the activity of the reference drug 

Sorafenib (Table 1). 

 

Table 1. Activity of compounds isolated from Hypericum laricifolium against Hep3B cells, 

compared to the activity of the ethanolic extract (extract E) and reference drug Sorafenib 

(NT: not tested, ND: not determined). 

Compounds IC50 Hep3B Cells (µg/mL) IC50 Hep3B Cells (µM) 

1 11.2 ± 2.9 41.2 ± 10.7 

2 14.2 ± 2.3 62.3 ± 10.1 

3 5.6 ± 1.6 12.1 ± 3.4 

4 6.2 ± 3.8 22.6 ± 13.9 

5 12.4 ± 3.6 48.1 ± 14.0 

6 14.7 ± 4.2 57.0 ± 16.3 

7 NT NT 

8 20.1 ± 4.3 44.1 ± 9.4 

9 50.00 >165 

Extract E 11.5 ± 2.4 ND 

Sorafenib 3.5 7.6 

 

To the best of our knowledges, the only activity of xanthones or xanthone derivatives against 

the growth of Hep3B cells is reported for gambogic acid, a xanthone derivatives isolated 

from the tree Garcinia hanburryi. Gambogic acid inhibits the growth of Hep3B through 

apoptotic pathways with an IC₅₀ of 1.8 µM13. 

Table 1. Activity of compounds isolated from Hypericum laricifolium against Hep3B cells, 
compared to the activity of the ethanolic extract (extract E) and reference drug Sorafenib (NT: 

not tested, ND: not determined).

PAG. 427  5ta. y 6ta. Línea 
DICE:  …… under the name “cipres” or “romerillo”1 

DEBE DECIR:  …… under the name “cipres” or “romerillo”1, its also known as “Chinchango”. 
 
PÁG. 431  Tabla 1   
 
Esta así: 

 
 
 
 
 
 
 
 
 
 
Debe estar asi:   
 

Compounds IC50 Hep3B Cells (µg/mL) IC50 Hep3B Cells (µM) 
1 11.2 ± 2.9 41.2 ± 10.7 
2 14.2 ± 2.3 62.3 ± 10.1 
3 5.6 ± 1.6 12.1 ± 3.4 
4 6.2 ± 3.8 22.6 ± 13.9 
5 12.4 ± 3.6 48.1 ± 14.0 
6 14.7 ± 4.2 57.0 ± 16.3 
7 NT NT 
8 20.1 ± 4.3 44.1 ± 9.4 
9 50.00 >165 
Extract E 11.5 ± 2.4 ND 
Sorafenib 3.5 7.6 

 
PAG. 434  9na línea 
DICE:  ….. determinándose la Concentración Inhibitoria Mínima (CIM) 
DEBE DECIR:  …….. determinándose la Concentración Mínima Inhibitoria(CIM) 
 
PAG. 435  5ta y 6ta línea 
DICE:  mínimum inhibitory concentración 
DEBE DECIR:  Minimum Inhibitory Concentracion 
 
                 10ma y 11 línea 
DICE:  Cu2O             DEBE DECIR:  Cu2O 
 
                 12va. Línea 
DICE:  Minimum Inhibitory Concentracion; MIC. 16 mg / mL 
DEBE DECIR:  MIC of 16 mg/Ml 
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1,3,8-trihydroxy-2-methoxyxanthone 4 was also tested again different multidrugresistant 
human tumor cells and was moderately active against taxol resistant SMMC-7721 human 
liver carcinoma cell line (IC50 = 42 µM)15. All of this suggest that xanthones structurally close 
to 3 or 4 should be tested against Hep3B cells lines in order to find a potential lead against 
hepatocellular carcinoma, however the activity of isolated compounds is rather moderate 
compared to the activity of the crude ethanolic extract of H. laricifolium (IC50 = 11.5 µg/mL), 
suggesting that other compounds with better activity may be present in the plant, or that some 
synergetic effect may occur between the constituents of this species.

CONCLUSION

In this work, we have identified xanthones inhibiting the growth of Hep3B cells. This 
highlight the interest of this class of compounds, and especially xanthones structurally related 
to compound 3, in the search of active compounds against human hepatocellular carcinoma.
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