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The aim of this study was to evaluate the inhibitory activity of compounds isolated from the aerial parts of Hedyotis pilulifera (Pit.) T.N.Ninh toward selected 
cancer cell lines. The isolated compounds were identified by analyzing their nuclear magnetic resonance spectral data and physical properties, and comparison 
of these with reported data. The sulforhodamine B assay was used for the cytotoxic evaluation of isolates. Among twenty-one compounds isolated from H. 
pilulifera, compounds 2, 3, and 4 showed moderate inhibitory effect on MCF-7 with IC50 values of 63.5, 59.4, and 52.7 µg/mL, respectively, while the other 
compounds exhibited no effect (IC50 values > 100 µg/mL). Further investigation using HT29, LU-1, HL-60, KB, Hep G2, and SK-Mel2 cancer cell lines 
showed the moderate cytotoxic activity of compound 3 (IC50 values ranging from 51.7 to 78.3 µg/mL) to all cells, while compound 4 showed selective effect 
only against HL-60 cells (IC50 61.5 µg/mL). This is the first report of cytotoxic activity of pomolic acid 3β-acetate (3) toward all tested cancer cell lines, and 
also the first report of cytotoxicity of rotungenic acid (4) against LU-1, HL-60, KB, Hep G2, and SK-Mel2 cancer cell lines. The methanol extract of chaga 
mushroom {Inonotus obliquus (Ach. ex Pers.) Pilát} exhibited the strongest cytotoxic effects against HL-60 and LU-1 (32.2 and 38.0 µg/mL, respectively), 
and modest cytotoxic effects against SW480 (41.3 µg/mL), HepG2 (51.3 µg/mL), KB (57.0 µg/mL), and LNCaP (57.7 µg/mL). We conclude that compounds 
3 and 4 from H. pilulifera may be useful in further investigation for anticancer agent discovery and chaga could be used as a natural anticancer remedy against 
promyelocytic leukemia and lung adenocarcinoma. 
 
Keywords:  Hedyotis pilulifera, Chaga, Pomolic acid 3β-acetate, Rotungenic acid, Leukemia, Adenocarcinoma. 

 
 
 
According to the WHO report, approximately 14 million new 
cancer cases and 8 million cancer-related deaths occurred globally 
in 2012, making it a major cause of mortality [1]. Since the 1940s, 
the analysis of the sources of new and approved drugs indicated that 
about 47% of all approved antitumor drugs are either natural 
products or directly derived therefrom [2]. We have previously 
reported [3-4] phytochemicals and antibacterial activity of Hedyotis 
pilulifera (Pit.) T.N.Ninh collected in Vietnam. It is an herbal plant 
which has been used as a remedy for abdominal pain and 
osteoarthritis [5]. Inonotus obliquus (Ach. ex Pers.) Pilát (chaga 
mushroom) is a parasitic fungus found mainly on birch trees. The 
sterile black sclerotium has been considered for centuries as an 
anticancer material in Russia and other north European countries 
[6]. A lot of studies [7-10] have shown chaga’s antitumor activity 
against different malignancies.  
 
The aim of this study was to identify the cytotoxic compounds of H. 
pilulifera against seven cancer cell lines. The structure-activity 
relationships of the active compounds is also discussed. In addition, 
in this work our aim was to examine the potential action of chaga 
extract on eight cancer cells for evaluation of cytotoxic activity. 
 
Twenty-one compounds (1–21) were isolated from the aerial parts of 
H. pilulifera and identified as follows: oleanolic acid (1), betulinic 
acid (2), pomolic acid 3β-acetate (3), rotungenic acid (4), rotundic 
acid (5), daucosterol (6), octadeca-9Z,12Z-dienoic acid (7), 
(7S*,8R*,7R*,8S*)-icariol A2-9-O-β-xylopyranoside (8), 10-O-
acetylborreriagenin (9), asperuloside (10), paederoside (11), 
asperulosidic acid (12), daphylloside (13), paederosidic acid methyl 
ester (14), adenosine (15), (2S,3S,4R,2′R)-2-(2′-hydroxy-tetracosa-
noylamino)octadecane-1,3,4-triol (16), (2S)-2,3-O-dioctadeca-9Z, 
12Z,15Z-trienoylglyceryl-O-β-D-galactopyranoside (17), (2S)-2-O- 

octadeca-9Z,12Z-dienoyl-3-O-octadeca-9Z,12Z,15Z-trienoylglycer- 
yl-O-β-D-galactopyranoside (18), (2S)-2,3-O-dioctadeca-12Z,15Z-
dienoylglyceryl-O-β-D-galactopyranoside (19), (2S)-2-O-hexadeca-
noyl-3-O-octadeca-9Z,12Z,15Z-trienoyl-glycerylglyceryl-O-β-D- 
galactopyranoside (20) and (2S)-2-O-hexadecanoyl-3-O-octadeca-
9Z,12Z-dienoylglyceryl-O-β-D-galactopyranoside (21). The 
isolation processes and structural elucidations of these compounds 
were reported in our previous publications [3-5,11]. 
 
All isolated compounds were tested for their inhibitory activity 
toward MCF-7 cells. The result showed that compounds 2 (betulinic 
acid), 3 (pomolic acid 3β-acetate), and 4 (rotungenic acid) 
possessed moderate inhibitory effect with IC50 values of 63.5, 59.4, 
and 52.7 µg/mL, respectively, while the other compounds exhibited 
no effect (IC50 > 100 µg/mL, Table 1). Compound 3 displayed 
moderate inhibitory activity toward all seven tested cell lines with 
IC50 values ranging from 51.7 to 78.3 µg/mL, and compound 4 
showed moderate cytotoxicity toward HL-60 cells (61.5 µg/mL), 
but weak effect toward the other cancer cell lines (84.5-97.2 
µg/mL), and no effect toward normal cells (3T3, IC50 > 100 
µg/mL). To the best of our knowledge, this is the first report           
of cytotoxic activity of pomolic acid 3β-acetate. In addition, this is 
 
Table 1: Cytotoxic activity of compounds 3 and 4 toward tested cell lines. 

Cell lines 
IC50 (μg/mL) 

Compound 3 Compound 4 Ellipticine 
MCF-7 59.4 ± 6.9 52.7 ± 4.0 0.3 ± 0.0 
HT29 53.0 ± 3.9 84.8 ± 3.5 0.5 ± 0.1 
LU-1 55.8 ± 5.9 95.3 ± 2.7 0.4 ± 0.0 

HL-60 51.7 ± 2.1 61.5 ± 3.2 0.4 ± 0.1 
KB 78.3 ± 3.3 97.2 ± 5.2 0.4 ± 0.1 

HepG2 61.6 ± 5.3 84.5 ± 6.3 0.3 ± 0.1 
SK-Mel2 66.3 ± 2.9 93.1 ± 4.3 0.4 ± 0.0 

3T3 78.4 ± 6.0 >100 0.4 ± 0.0 
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                                                                                 Table 2: Cytotoxic activity of chaga extracts on various cancer cell lines. 
 

    Concentration 
       (g/mL) 

IC50 (μg/mL) 
LU-1 KB MDA-MB-231 LNCaP 

Chaga Ellipticine Chaga Ellipticine Chaga Ellipticine Chaga Ellipticine 
100  84.9 92.1 94.3 97.6 62.1 87.2 66.6 90.2 
20  34.6 80.6 15.4 77.8 20.7 75.0 27.7 77.0 
4  13.6 39.6 3.1 38.4 12.1 45.7 16.0 47.1 

0.8  8.3 20.6 -1.9 3.0 5.1 6.9 5.0 10.8 
IC50 38.0 0.4 57.0 0.6 79.2 0.5 57.7 0.4 

  Concentration 
       (g/mL) 

IC50 (μg/mL) 
SW480 MKN7 HL-60 HepG2 

Chaga Ellipticine Chaga Ellipticine Chaga Ellipticine Chaga Ellipticine 
100  89.2 95.7 56.6 81.2 95.9 99.1 92.3 99.8 
20  27.9 78.9 30.3 69.7 37.8 79.9 20.2 82.6 
4  12.2 43.2 0.5 42.7 11.5 44.1 1.6 43.0 

0.8  -3.9 10.9 -5.4 15.4 1.5 19.8 -1.6 11.7 
IC50 41.3 0.5 71.7 0.6 32.2 0.4 51.3 0.5 

    Ellipticine was used as a positive control, at 10, 2, 0.4 and 0.08 g/mL 

 
also the first report of cytotoxicity of rotungenic acid against LU-1, 
HL-60, KB, Hep G2, and SK-Mel2 cancer cell lines. Against MCF-
7 and HT-29 cells, rotungenic acid showed percentage cell 
proliferation inhibitions of 2% and 9%, respectively, at the test 
concentration of 10 µM [12].  
 
In our previous report [4], the structure-activity relationship 
between rotungenic acid (4) and rotundic acid (5) was deduced from 
the sole difference in absolute configuration at C-4. In particular, 
rotugenic acid with a 4S-configuration was considered to be more 
active than rotundic acid with a 4R-configuration. Interestingly, our 
current study resulted in a similar conclusion in which the inhibitory 
effect toward MCF-7 cells of the 4S-configuration was significantly 
stronger than those of 4R (IC50 52.7 and >100 µg/mL, respectively). 
Furthermore, rotungenic acid exhibited selective activity toward 
MCF-7 and HL-60 cell lines, whereas it showed weak effect toward 
the rest of the cancer cell lines and no inhibitory activity toward 
normal fibroblasts (3T3) supporting its safety in future applications. 
Among the isolated compounds, betulinic acid (2) has attracted 
increasing attention of scientists over the last few years because of 
its biological and medicinal properties. The review of Moghaddam 
et al. [13] has summarized the inhibitory effect of betulinic acid 
toward many cancer cell lines. Recently, abundant studies have 
shown the potential of betulinic acid to become an important agent 
in cancer therapeutics [14]. The continuing study [4] on the 
biological activities of the twenty-one compounds isolated from the 
aerial parts of H. pilulifera led to the elucidation of inhibitory 
activities of the well-documented betulinic acid (2) toward MCF-7 
cells.  

The strongest effects of methanol extracts of chaga were found 
against promyelocytic leukemia (HL-60) (IC50 32.2 μg/mL) and 
lung adenocarcinoma (LU-1) (38.0 μg/mL) cells; the effect of this 
extract on colon adenocarcinoma (SW480) cells was somewhat 
weaker (41.3 μg/mL) (Table 2). The cytotoxic IC50 activity of chaga 
on other cancer cell lines studied has been between 51.3-79.2 
μg/mL. 

Generally, the long experience of ethnomedicine should not be 
underestimated and our previous results [6, 15-18] demonstrated 
that some popular plants of Estonian and Asian folk medicine 
showed cytotoxic effect. Anticancer activity of chaga extracts in 
vitro on HL-60 and HepG2 cells has also been shown by other 
authors [19-20]. In this study the anticancer action of extracts 
prepared from chaga sclerotium on human lung carcinoma (LU-1), 
colon adenocarcinoma (SW480), and oral epidermoid carcinoma 
(KB) is described for the first time. We conclude that chaga could 
be used as a natural anticancer remedy, especially against 
promyelocytic leukemia and lung adenocarcinoma. 
 
 

Experimental 
 

Cell culture: The cell lines used in this study were: ER-positive 
breast cancer (MCF-7), ER-negative breast cancer (MDA-MB-231), 
colon cancer (HT29), lung adenocarcinoma (LU-1), leukemia    
(HL-60), oral epidermoid carcinoma (KB), liver hepatocellular 
carcinoma (HepG2), melanoma (SK-Mel2), fibroblast (3T3), 
prostate cancer (LNCaP), gastric carcinoma (MKN7), colon 
adenocarcinoma (SW480), and promyelocytic leukemia (HL-60). 
The cells (except HL-60) were cultured as monolayers in either 
Dulbeco’s Modified Eagle Medium (DMEM) or RPMI-1640 
(depending on the cell lines) with ingredients including 2 mM L-
glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM 
HEPES, 1.0 mM sodium pyruvate and supplemented with fetal 
bovine serum (FBS) 10%. The cells were sub-cultured after 3-5 
days at a ratio of 1:3 and incubated at 37oC in 5% CO2 and 100% 
humidity. 
 
Plant material: The aerial parts of H. pilulifera were collected in 
Quang Tri province (1702'15.2”N 10703'55.9”E), Vietnam in 
August, 2014. Plant identification was conducted by Dr Nguyen 
The Cuong, Institute of Ecology and Biological Resources, VAST, 
Vietnam. A voucher specimen (VL01) was deposited at the Faculty 
of Pharmacy, Hue University of Medicine and Pharmacy, Vietnam. 
The chaga commercial sample was obtained from a retail pharmacy 
in Tartu, Estonia. The plant material was collected from the herb 
farm Kubja Ürditalu, Estonia, N59.054344, E25.963234 and was 
identified by specific morphological profile. The commercial 
sample (FB01) is deposited at the Institute of Pharmacy, University 
of Tartu, Estonia. 
 
Extraction of chaga: The commercial sample of chaga was crushed 
to a fine powder, which was extracted with methanol, 3 times (48 h 
per time), at room temperature (20oC). The extracts were evaporated 
under reduced pressure in a rotary evaporator to obtain crude 
extracts for cytotoxic assays. Methanolic extracts were dissolved in 
dimethyl sulfoxide (DMSO) to prepare 4 mg/mL stock solutions 
that were later mixed with cell culture medium to achieve the 
desired final test concentrations of 0.8, 4, 20 and 100 μg/mL.  
 
In vitro cytotoxic assay: The effects of the compounds isolated 
from H. pilulifera on viability of cells were determined by 
sulforhodamine B cytotoxic assay [21]. Cells were grown in 96-well 
microtiter plates containing 190 μL of medium in each well. After 
24 h, 10 μL of the test samples dissolved in DMSO was added to 
each well. The one plate with no samples served as a day 0 (time-
zero) control. The cells were continuously cultured for additional an 
48 h, fixed with trichloroacetic acid and stained with 
sulforhodamine B, followed by determination of optical density at 
515 nm using a Microplate Reader (BioRad). DMSO 10% was used 
as a control sample while ellipticine was used as positive control. 
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The percentage of growth inhibition (GI %) was calculated by the 
following equation GI % = 100%  [(ODt – OD0)/(ODc  OD0)] × 
100, in which: ODt: the average optical density value at day 3; OD0: 
the average optical density value at time-zero; ODc: the average 
optical density value of the DMSO control sample.  
 
Statistical analysis: Cytotoxicity data for compounds from H. 
pilulifera were calculated and expressed as half-maximal inhibitory 
concentrations (IC50 values  SD). All experiments were carried out 

in triplicate and TableCurve 2Dv4 software was used to calculate 
IC50 values. 
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