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Abstract 

The plant Viburnum sambucinum has been known under the local name “Vót dạng cơm cháy” belongs to Viburnum 

genus, a member of the Caprifoliaceae family. Many plants of Viburnum genus are well known for their medicinal 

properties and are used in the folk medicine for the treatment of various diseases. A variety of structures have been 

reported from the plants of the genus, such as diterpenes, triterpenes, iridoids, sesquiterpenes, flavonoids, etc. In this 

study, we describe 3D cytotoxic and histone deacetylase (HDAC) inhibitory activities of two nordammarane 

triterpenoids hupehenol D (1) and 12β-hydoxy-3,15-dioxo-20,21,22-23,24,25,26,27-octanordammanrane (2) isolated 

from the leaves of Viburnum sambucinum. The result showed that (1) and (2) exhibited a strong activity against 3D 

models of LLC cell line with the IC50 value of 25.89 µM and 15.58 µM, respectively. Compound 1 weakly inhibited activity 

of enzyme HDAC with the IC50 of 20.78±2.86 M while compound 2 exhibited no effect on HDAC at 25 M. 

Keywords. Viburnum sambucinum, Caprifoliaceae, hupehenol D (1), 12β-hydoxy-3,15-dioxo-20,21,22-

23,24,25,26,27-octanordammanrane (2), 3D cytotoxic, HDAC inhibitory activity. 

 

1. INTRODUCTION 

 

Cancer is one of the leading cause of death and 

globally the numbers of new cases of cancer are 

increasing gradually [1]. Current estimates from the 

American Cancer Society indicate that 7 million 

deaths worldwide, these numbers are expected to 

double by 2030 [2]. Thus, there is an increasing need 

for new and effective drugs for the disease treatment. 

Plants have a long history of use in the treatment 

of cancer and it is significant that over 60 % of 

currently used anticancer agents are either natural 

products or directly derived therefrom [3]. 

The genus Viburnum (Caprifoliaceae) comprises 

about 200 species of shrubs and trees, which are 

widely distributed in the temperate or subtropical 

zones, from Southern America to Asia [4]. Many 

species of the genus Viburnum are employed as folk 

medicine to treat different diseases, such as cough, 

diarrhea, rheumatoid arthritis, and tumefaction. 

Recently, much attention has been paid to Viburnum 

genus and their chemical constituents because of 

their multifaceted activities. Extensive studies of 

Viburnum genus have led to the identification of 

many compounds, such as diterpenes, triterpenes, 

iridoids, monoterpenes, sesquiterpenes flavonoids, 

lignans, etc. Especially, vibsan diterpenoids and 

triterpenoids are dominant and interesting 

bioactivities compounds [5-7]. In a previous study, 

we described chemical structure and 2D cytotoxic 

activity of 10 compounds isolated from the leaves of 

Viburnum sambucinum, among them, two 

nordammarane triterpenoids hupehenol D (1) and 

12β-hydoxy-3,15-dioxo-20,21,22-23,24,25,26,27-   

 

 
Figure 1: Chemical structure of hupehenol D (1) and 

12β-hydoxy-3,15-dioxo-20,21,22-23,24,25,26,27-

octanordammanrane (2) 

 

octanordammanran (2) exposed potential cytotoxic 

activity on several human cancer cell lines with 

IC50 value of 4.71±0.03-5.35±0.04 μM, respectively 
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[8]. Therefore, in this present study, these compounds 

were used to investigate the 3D cytotoxicity and 

histone deacetylase (HDAC) inhibitory activity on 

cancer cells. 

 
2. MATERIALS AND METHODS 

 

2.1. Cancer cell lines 

 

MCF-7 (HTB - 22
TM

): Human breast carcinoma was 

purchased from American Type Culture Collection 

(ATCC); LLC (Murine Lewis lung carcinoma) was 

kindly provided by Prof. Jeanette Maier, Milan 

University, Italia. Those cancer cells were 

continuously cultured in Department of Applied 

Biochemistry, Institute of Chemistry, Vietnam 

Academy Science and Technology.  

 

2.2. Histon deacetylases (HDAC) activity 

colorimetric kit 

 

Histone deacetylases enzyme (HDAC) inhibit 

activity was determined by HDAC Activity 

Colorimetric assay Kit (BioVision-US) on MCF7 

cancer cell lines. Kit components: HDAC substrate 

(Boc-Lys(Ac)-pNA, 10 mM), 10x HDAC Assay 

buffer, Lysine Developer, HDAC inhibitor 

(Trichostatin A, 1mM), Hela nuclear extract (5 

mg/ml), Deacetylated Standard (Boc-Lys-pNA, 10 

mM). 

 

2.3. 3D cytotoxic activity assay 

 

3D LLC cell line culture method:  

LLC cancer cells was monolayer maintained in 

medium DMEM supplemented 2 mM L-glutamine, 

10 mM HEPES, 1.0 mM sodium pyruvate, 10 % 

fetal bovine serum-FBS (GIBCO).  Cells were 

transfered with ratio 1:3 every 3-5 days and 

incubated in a humidified atmosphere of 5 % CO2 at 

37 
o
C. Using trypsin-EDTA to detach cells and then 

resuspended in culture medium. Using Fisher 

scientific hemacytometer cat 0267110 (Hauser, 

USA) to calculated cells. Then, multicellular tumor-

spheroids (MCTSs) were cultured on plate with agar 

medium. 190 µl cell solution (5000 cells/well) were 

plated in DMEM medium with 10 % FBS. After 3-4 

days’ culture at 37 
o
C in an atmosphere containing 5 

% CO2, the spheroids were formed and ready to used 

[9]. 

 

Invitro 3D cytotoxic activity assay 

The 3D cytotoxicity of samples on LLC cell lines 

were dertermined by the MTT assay [10]. After 72 

hours incubation, the cell reaches the confluence. 

Then, cells were incubated in the presence of 

various concentrations of the samples in 0.1 % 

DMSO for 48 h at 37 °C/5 % CO2. Ellipticine was 

used as reference. 20 µl/well of 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-tetrazolium bromide (MTT) 

were added. After 4 h incubation, removed medium, 

100 µl DMSO were added/well and shake 5-10 

minutes. Viable cells were determined by microplate 

spectrophotometer at 490 nm.  

 

Statistical analysis  

A percent inhibition was calculated using the 

following formula:  

 

All the experimental results were as mean ± 

standard deviation (SD) of three parallel 

measurements. The data was entered into Microsoft 

Excel
©
 database and analyzed using Table Curve 

giving IC50.  

 

2.4. HDAC inhibitory activity assay 

 

Principle of assay 

Inhibition of histone deacetylases (HDACs) has 

been implicated only two simple steps. HDAC 

catalyze the removal of -acetylated lysine group of 

substrate Boc-Lys(Ac)-pNA (step 1). So that, the 

second step, substrate Boc-Lys(Ac)-pNA was 

continuously removed by Lysine Developer to 

release yellow pNA (p-nitroaniline) can be easily 

analyzed using ELISA plate reader at 400-405 nm. 

Procedure 

HDAC inhibitory activity of samples was 

measured with HDAC Colorimetric Assay Kit 

(BioVision- US).  

MCF7 cell line was grown in medium DMEM 

supplemented 2 mM L-glutamine, 10 mM HEPES 

and 1.0 mM sodium pyruvate, 10 % FBS (GIBCO) 

and incubated in a humidified atmosphere of 5 % 

CO2 at 37 
o
C. Cells were havested into plate and 

incubated overnight. After removal of  medium and 

washing with phosphate-buffered saline (pH 7.4), 

cells were harvested and using Nuclear/Cytosol 

Fractionnation KIT (Biovision) to obtain nuclear 

extract. Samples were mixed with Hela nuclear 

extract that contains a variety of HADC enzymes 

and has HDAC activity. Then, cells were incubated 

for 24-48 h at 37 °C. HDAC colorimetric substrate 

was added to inhibitor and Hela nuclear extract 

mixture. Incubated in 37 
o
C for 1h. 10 l Lysine 

Developer was added to stop the reaction and 

incubate for 30 minutes in 37 
o
C. A color is 

developed after 1hour treatment with the lysine 

developer. Absorbance at 400-405 nm was measured 
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by microplate reader equipment. Trichostatin A was 

used as a reference. 

 

Statistical analysis 

A percent HDAC inhibition  was calculated using 

the following formula: 

 

The data was expressed as mean±SD from three 

independent experiments. The data was entered 

into Microsoft Excel
©
 database and analyzed using 

Table Curve 2Dv4 giving IC50.  
 

3. RESULTS AND DISCUSSION 

 

3.1. 3D cell culture cytotoxic activity 

 

Cell-based assays are the key tool used to assess the 

potential efficacy of a new compound in drug 

discovery. Most of the commonly used cytotoxic 

anticancer drugs were discovered through random 

high-throughput screening in cell-based cytotoxicity 

assays [11]. In general, cell culture modes include 

monolayer cells on a two-dimensional (2D) surface 

and multilayer cells or aggregate clusters in a three-

dimensional (3D) scaffold [12]. To date, 2D cell-

based assays in multiwell  plates are widely used in 

drug screening because of their low costs and easy 

operation. However, 2D cell cultures can result in 

errors in predicting tissue-specific responses due to 

the loss of native morphology and limited cell-cell 

and cell-extracellular matrix interactions [13]. 

Recently, research has found that 3D cell cultures 

provide a more physiologically relevant environment 

for cells and allow the study of cellular responses to 

drug treatment more closely to what occurs in vivo 

than 2D model [14-16].  

In our previous report, two nordammarane 

triterpenoids hupehenol D (1) and 12β-hydoxy-3,15-

dioxo-20,21,22-23,24,25,26,27  

octanordammanrane (2) isolated from leaves of 

Viburnum sambucinum exposed strong cytotoxic 

activity on 4 cancer cell lines: KB, HepG2, Lu1 

and MCF7 with IC50 values in range of 4.71±0.03-

5.35±0.04 µM. In this study, two of these 

compounds were evaluated cytotoxicity  on 3D 

spheroid model. The results are shown in figure 2 

and table 1. 

 

Figure 2: Images of LLC 3D spheroids  after 3 days treating by 1 and 2 3D spheroids treating by compound 

1 at 100 µg/ml (A), 20 µg/ml (B), 4 µg/ml (C) 3D spheroids treating by compound 2 at 100 µg/ml (D), 4 

µg/ml (E) 3D spheroids without compounds (F) 

 

Table 1: Cytotoxic activity of compounds (1) and (2) on 3D LLC cell culture 

Test concentration 

(µg/ml) 

% inhibit Test concentration 

(µg/ml) 

% inhibit 

Compound (1) Compound (2) Ellipticine 

100 94.11 95.88 10  64.36 

20 92.05 83.80 2  24.01 

4 19.00 57.58 0.4   7.51 

0.8 -3.09 2.36 0.08  -4.57 

IC50 
8.96±2.95 µg/ml 5.36±1.53 µg/ml 

IC50 
6.30±0.22 µg/ml 

25.89±8.52 µM 15.58±4.44 µM 25.61±0.89 µM 

 

From figure 2, we can obviously observe the 

mophological parameters of 3D spheroid after being 

treated with compounds 1 and 2. At 20 µg/ml and 

100 µg/ml concentration of compounds 1 and 2, 
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external proliferating layers of spheroids were 

gradually darkened, unstable, indistinguishable to 

necrotic core and the structure of spheroids were 

deformed. Volume of spheroid also were decreased 

compare to control. Especially, tumor spheroid 

treated by compound 2 at 100 µg/ml were 

disintegrated, highly variability to control. 

3D spheroid cytotoxic ability of agents were also 

reflected by the IC50 value. The results shown in 

Table 1 indicated that two compounds 1 and 2 again 

exhibited a strong activity against LLC with the IC50 

value of 25.89 µM and 15.58 µM, respectively. 

Ellipticine showed the IC50 value of 25.61 µM. 

Compare IC50 between 2D and 3D cell models, the 

IC50 value of compounds 2 and 1 gained from the 3D 

culture model is 3-5 fold higher than those from the 

2D model, respectively. This finding is in 

concordance with several studies showing that 

cultured cells on 3D are more resistant to drug than 

on 2D models.  A number of studies have found that 

cells cultured in 3D models are more resistant to 

anticancer drugs than 2D cultures. For example, 

ovarian cancer cell survival and proliferation in 3D 

cultures after paclitaxel treatment was reduced by 40 

% or 60 % in 3D cell spheroids, while the same 

treatment led to 80 % reduced cell viability in the 

2D cell monolayer [17]. Karlsson et al. studied the 

drug sensitivity of colon cancer HCT-116 cells in a 

3D spheroid and 2D monolayer model in response to 

four standard anticancer drugs (melphalan, 5-FU, 

oxaliplatin, and irinotecan) and two promising 

investigational cancer drugs (acriflavine and 

VLX50. The results indicated that all drugs were 

highly active in 2D monolayer culture but generally 

less active and gradually lost their activity in 3D 

spheroids [18]. The stronger drug resistance in 3D 

culture results primarily from signals from dynamic 

cellular interactions between neighboring cells and 

extra cellular matrix input into the cellular decision-

making process. The increased drug resistance in 3D 

culture can also be attributed to limited diffusion 

through the spheroid and to hypoxia, cause by 

multilayer cells spheroid form [14, 18]. 

Recently, a growing body of evidence has shown 

that 3D cell cultures provide a more physiologically 

relevant environment for cells and allow the study of 

cellular responses in a setting that more closely 

resembles in vivo environments. A number of 

studies have demonstrated that cellular behavior in 

3D cultures rather than 2D culture occur more 

similarly to those in vivo. Therefore, there is a great 

need for in vitro 3D cell culture assays, which would 

bridge the 2D monolayer cell culture systems and 

the animal models [12,19].  

 

3.2. HDAC ihibitory activity results 
 

Histone dacetylases (HDACs) are a group of 

enzymes that remove acetyl groups from histones 

which are the primary protein components of 

chromatin. HDACs play a major role in the 

epigenetic regulation of gene expression through 

their effects on the compact chromatin structure. In 

recent years, alterations in acetylate levels and over 

expression of various HDACs in many cancer cell 

lines and tumor tissues have been reported. 

Therefore, HDACs have become promising 

therapeutic target for cancer treatment [20]. 

In the next experiment, compounds 1 and 2 

continuously were evaluated HDAC inhibit activity 

on MCF7 to initially explore mechanism of 

cytotoxicity of them. MCF7 cell line was treated 

with different concentration of compounds. 

Negative control contain cells only, no reagents. The 

results were displayed in table 2. 

 

Table 2: HDAC inhibitory activity of the compounds 1 and 2 in MCF7 cells 

Test concentration 

 (µM) 

% inhibit Test concentration 

(µM) 

% inhibit 

Compound (1) Compound (2) Trichostatin A 

21 51.12 35.32 1 82.0 

14 40.02 37.14 0.1 74.23 

7 35.74 28.91 0.01 56.89 

3.5 14.83 2.45 0.001 42.19 

IC50 20.78±2.86 µM > 21 µM IC50 3.1±0.5 nM 

 
Histone deacetylases enzyme (HDAC) inhibitory 

activity of compounds 1 and 2 was determined by 

HDAC Activity Colorimetric assay kit (BioVision- 

US) on MCF7 cancer cell lines. As shown in table 2, 

compound 1 weakly inhibited activity of enzyme 

HDAC with the IC50 of 20.78±2.86 M while the 

reference Trichostatin A possessed the IC50 of 3.1±0.5 

nM. Compound 2 exhibited no inhibition activity of 

enzyme HDAC at the highest testing concentration 

which was 25 M. This finding suggests that 

anticancer mechanism of 1 and 2 do not act over the 

inhibition of HDAC enzymes and should be explored 
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in further studies.  
 

4. CONCLUSION 
 

Two triterpenoid  hupehenol D (1) and 12β-hydoxy-

3,15-dioxo-20,21,22-23,24,25,26,27-

octanordammanrane (2) derived from leaves of 

Viburnum sambucinum were evaluated 3D cytotoxic 

and HDAC inhibitory activities for the first time. 

They displayed strong 3D cytotoxic activity on LLC 

spheroids with IC50 value of 3D cell is higher 3-5 

fold than 2D cells. However, both compounds 

showed insignificant HDAC inhibitory activity.  

 

Acknowledgments. The authors would like to 

gracefull the Subject of Institue of Chemistry (Grant 

No: VHH.2017.2.8) and the French-Vietnamese 

Project  for financial support to complete this work. 

 

RERERENCES 

 
1. World Health Organization. Cancer Fact Sheet. 

February 2011. Available online: http://www.who.int/ 

mediacentre/factsheets/fs297/en/index.html (accessed 

on 30 March 2012). 

2. Abhishek Bhanot, Rohini Sharma, Malleshappa N. 

Noolvi. Natural sources as potential anti-cancer 

agents: A review, International Journal of 

Phytomedicine, 3, 09-26 (2011). 

3. Cragg GM, Kingston DGI, Newman DJ. Anticancer 

Agents from Natural Products. Taylor & Francis 

Group, Boca Raton, FL. Brunner-Routledge 

Psychology Press (2005). 

4. Lobstein A., Haan-Archipoff G., Englert J.,  Kuhry J. 

G.,  Anton R. Chemotaxonomical investigation in the 

genus Viburnum, Phytochemistry, 50, 1175-1180 

(1999).  

5. Wang X. Y., Shi H. M., Li X. B. Chemical 

constituents of plants from the genus Viburnum, 

Chemistry and Biodiversity, 7(3), 567-593 (2010). 

6. Xiaohua Wang and Wei Wang. Cytotoxic and Radical 

Scavenging Nor-Dammarane Triterpenoids from 

Viburnum mongolicum, Molecules, 18, 1405-1417 

(2013).  

7. M. Kubo, Y. Kishimoto, K. Harada, H. Hioki, and Y. 

Fukuyama. NGF-potentiating vibsane-type 

diterpenoids from Viburnum sieboldii, Bioorg. Med. 

Chem. Lett., 20(8), 2566-71 (2010). 

8. Nguyen Thanh Tra, Truong Bich Ngan, Doan Thi Mai 

Huong, Do Thi Thao, Marc Litaudon, Nguyen Van 

Hung, Chau Van Minh, Pham Van Cuong. Chemical 

constituents and cytotoxic activities of Viburnum 

sambucinum leaves (Caprifoliaceae), Vietnam Journal 

of Chemistry, 54(5), 614-619 (2016). 

9. Kunz-Schughart LA., Freyer JP., Hofstaedter F., 

Ebner R. The use of 3-D cultures for high-throughput 

screening: the multicellular spheroid model, J. 

Biomol. Screen, 9(4), 273-285 (2004). 

10. Vinci M., Gowan S., Boxall F., Patterson L., 

Zimmermann M., Court W., Lomas C.,  Mendiola M., 

Hardisson D.,  Eccles SA. Advances in establishment 

and analysis of three-dimensional tumor spheroid-

based functional assays for target validation and drug 

evaluation, BMC Biol., 10, 29 (2012). 

11. Balis FM. et al. Evolution of Anticancer Drug 

Discovery and the Role of Cell-Based Screening, 

Journal of the National Cancer Institute, 94(2), 78-79 

(2002). 

12. Zang R., Li D., Tang IC., Wang J., Yang ST. Cell-

Based  Assays  in  High-Throughput Screening for 

Drug Discovery, International Journal of 

Biotechnology for Wellness Industries, 1, 31-51 

(2012). 

13. Basu S., Yang ST.  Astrocyte growth and glial cell 

line-derived neurotrophic factor secretion in three-

dimensional polyethylene terephthalate fibrous 

matrices, Tissue Eng., 11, 940-52 (2005). 

14. Edmondson R., Broglie JJ., Adcock AF., Yang L. 

Three-dimensional cell culture systems and their 

applications in drugs discovery and cell-based 

biosensors, Assay Drug Dev Technol., 12(4), 207-218 

(2014) 

15. Zietarska M., Maugard CM., Filali-Mouhim A. et al. 

Molecular description of a 3D in vitro model for the 

study of epithelial ovarian cancer (EOC), Mol. 

Carcinog., 46, 872-885 (2007). 

16. Lee J., Cuddihy MJ., Kotov NA. Three-dimensional 

cell culture matrices: state of the art, Tissue Eng Part 

B Rev., 14, 61-86 (2008). 

17. Loessner D., Stok KS., Lutolf MP., Hutmacher DW., 

Clements JA., Rizzi SC. Bioengineered 3D platform 

to explore cell-ECM interactions and drug resistance 

of epithelial ovarian cancer cells, Biomaterials, 31, 

8494-8506 (2010).  

18. Karlsson H., Fryknäs M., Larsson R., Nygren P. Loss 

of cancer drug activity in colon cancer HCT-116 cells 

during spheroid formation in a new 3-D spheroid cell 

culture system, Exper. Cell. Res., 318, 1577-1585 

(2012). 

19. Adcock AF., Trivedi G., Edmondson R., Spearman C. 

and Yang L. Three-Dimensional (3D) Cell Cultures in 

Cell-based Assays for in-vitro, J. Anal. Bioanal. Tech., 

6(3), 2-12 (2015). 

20. Mottamal
 
M., Zheng

 
S., Huang

 
TL., Wang G.  Histone 

Deacetylase Inhibitors in Clinical Studies as 

Templates for New Anticancer Agents, Molecules, 

20(3), 3898-3941 (2015). 

 

Corresponding author: Nguyen Thanh Tra  

Department of Applied Chemistry, Institute of Chemistry, VAST 

18, Hoang Quoc Viet Str., Cau Giay District, Hanoi, Viet Nam 

E-mail: nguyenthanhtravast@gmail.com; Telephone: 0983889976. 

http://jnci.oxfordjournals.org/search?author1=Frank+M.+Balis&sortspec=date&submit=Submit
http://www.mdpi.com/search?authors=Madhusoodanan%20Mottamal&orcid=
http://www.mdpi.com/search?authors=Shilong%20Zheng&orcid=
http://www.mdpi.com/search?authors=Tien%20L.%20Huang&orcid=
http://www.mdpi.com/search?authors=Guangdi%20Wang&orcid=


 

 

   729 

 


