
151

Bulgarian Journal of Agricultural Science, 19 (2) 2013, 151–154
Agricultural Academy

AMMONIUM VANADATE DECREASES VIABILITY AND PROLIFERATION 
OF CULTURED RETROVIRUS-TRANSFORMED CHICKEN HEPATOMA CELLS

A. M. ABUDALLEH1,2, T. ZHIVKOVA2, L. DYAKOVA3, B. ANDONOVA-LILOVA2 and  R. ALEXANDROVA2*
1, Sofi a University “St. Kliment Ohridski”, Faculty of Biology BG – 1164 Sofi a, Bulgaria
2  Bulgarian Academy of Sciences, Institute of Experimental Morphology, Pathology and Anthropology with Museum, 

BG – 1113 Sofi a, Bulgaria
3 Bulgarian Academy of Sciences, Institute of Neurobiology, BG – 1113 Sofi a, Bulgaria

Abstract

ABUDALLEH, A. M., T. ZHIVKOVA, L. DYAKOVA, B. ANDONOVA-LILOVA and  R. ALEXANDROVA, 2013. Ammonium 
vanadate decreases viability and proliferation of cultured retrovirus-transformed chicken hepatoma cells. Bulg. J. Agric. Sci., 
Supplement 2, 19: 151–154

Vanadium compounds have been reported to possess anti-neoplastic potential especially against chemically induced liver, 
mammary, and colon carcinogenesis in rodents.  According to the literature available, the anticancer activity of vanadium 
compounds in virus-transformed tumor cells has not been clarifi ed yet. The aim of the study presented was to evaluate the 
effect of ammonium vanadate (NH4VO3) on viability and proliferation of cultured LSCC-SF-Mc29 cell line established from 
a transplantable chicken hepatoma, induced by the myelocytomatosis virus Mc29. The investigations were performed by thia-
zolyl blue tetrazolium bromide (MTT) test, neutral red uptake cytotoxicity assay (NR), colony-forming method (CFM) and 
double staining with acridine orange and propidium iodide (PI/AO). The results obtained revealed that applied at a concentra-
tion range of 0.1–20  μg/ml   for 24–72 h NH4VO3 expresses signifi cant cytotoxic and/or cytostatic effects that are time- and 
concentration dependent. Administered at concentrations ≥ 5 μg/ml this compound completely inhibit the colony-forming 
ability of chicken hepatoma cells.  
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Introduction

Vanadium (atomic number 23) is a metal of physiologi-
cal, environmental and industrial importance. As a micro-
nutrient, it is included in the list of 40 essential elements 
that are required in small amounts for normal metabolism. 
In recent years there is a growing interest in biological be-
havior of vanadium, especially due to its insulin-mimetic 
and anti-cancer properties (Alexandrova, 1999; Evangelou, 
2002; Mukherjee et al., 2004; Kostova, 2009; Bishayee et 
al., 2010; Korbecki et al., 2012). According to the litera-
ture available, the antineoplastic activity of vanadium com-
pounds in virus-transformed tumor cells has not been clari-
fi ed yet. It has been found in our previous investigations that 

ammonium vanadate (NH4VO3) decreases signifi cantly the 
in vitro growth of virus-transformed rat sarcoma cells (Abu-
dalleh et al., 2013).  The aim of the study presented was to 
evaluate the infl uence of NH4VO3 on viability and prolifera-
tion of cultured chicken hepatoma cells transformed by the 
myelocytomatosis retrovirus virus Mc29. 

Materials and Methods

Chemicals and other materials
Dulbecco’s modifi ed Eagle’s medium (DMEM) and fetal 

bovine serum (FBS) were purchased from Gibco-Invitrogen 
(UK). Dimethyl sulfoxide (DMSO), neutral red, and  trypsin 
were obtained from AppliChem (Germany); thiazolyl blue 
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tetrazolium bromide (MTT) and purifi ed agar were from Sig-
ma-Aldrich Chemie GmbH (Germany). All other chemicals 
of the highest purity commercially available were purchased 
from local agents and distributors. All sterile plastic and sy-
ringe fi lters were from Orange Scientifi c (Belgium).

Compound
Ammonium vanadate (Valerus) NH4VO3 was dissolved 

initially in bidistilled water and sterilized by fi ltration (di-
ameter of pores 0.2 μm) and then diluted in culture medium. 
The concentration of the compound in stock solution was 1 
mg/ml. 

Cell cultures and cultivation
The cell line LSCC-SF-Mc29 established from a trans-

plantable chicken hepatoma, induced by the myelocyto-
matosis virus Mc29 (Alexandrova, 2008) was used as an 
experimental model in our study. The cells were grown as 
monolayer culture in DMEM medium, supplemented with 
5-10% FBS, 100 U/mL penicillin and 100 g/mL streptomy-
cin. The cultures were maintained at 37 ºC in a humidifi ed 
CO2 incubator (Thermo scientifi c, Hepa class 100). For rou-
tine passages adherent cells were detached using a mixture 
of 0.05% trypsin and 0.02% EDTA. The experiments were 
performed during the exponential phase of cell growth.

 Cytotoxicity assays
 The cells were seeded in 96-well fl at-bottomed micro-

plates at a concentration of 1×104 cells/well. After the cells 
were grown for 24 h to a subconfl uent state (~ 60-70%), the 
culture medium was removed and changed with media modi-
fi ed with different concentrations (0.1, 0.5, 1, 5, 10 and 20 μg/
ml) of NH4VO3. Each solution was applied into 4 to 6 wells. 
Samples of cells grown in non-modifi ed medium served as 
controls. After 24 h, 48 h and 72 h of incubation, the effect of 
the compound on cell viability and proliferation was examined 
by MTT (thiazolyl blue tetrazolium bromide) test (Mossman, 
1983) and neutral red uptake cytotoxicity assay (NR) (Boren-
freund and Puerner, 1985). Optical density was measured 
at 540 nm using an automatic microplate reader (TECAN, 
SunriseTM, Austria). Relative cell viability, expressed as a 
percentage of the untreated control (100% viability), was cal-
culated for each concentration. “Concentration – response” 
curves were prepared and the effective concentrations of the 
compound – CC50 (causing a 50% reduction of cell viability) 
and CC90 (causing a 90% reduction of cell viability) were es-
timated  from these curves using Origin 6.1. All data points 
represent an average of three independent assays. 

Double staining with acridine orange (AO) and propidi-
um iodide (PI)

The ability of the compounds to induce cytopathologi-
cal changes was assessed using double staining with acri-
dine orange (AO) and propidium iodide (PI) according to 
the standard procedures (Wahab et al., 2009). The cells were 
grown on cover slips in 6-well plates in the presence of the 
compound tested. Non-treated cells served as controls. After 
72 h of incubation, the cover slips were removed and washed 
with PBS for 2 min. Equal volumes of fl uorescent dyes con-
taining AO (10 μg/mL) and PI (10 μg/mL) were added to the 
cells. Fresh stained cells were placed on a glass slide and 
examined under fl uorescence microscope (Leika DM 500B, 
Wetzlar, Germany) within 30 min before the fl uorescent col-
or started to fade. 

Colony-forming assay
Tumor cells (approximately 103 cells/well) suspended in 

0.45% purifi ed agar in DMEM medium containing different 
concentrations (0.25, 0.5, 1, 2.5, 5, 7.5, 10, 15 and 20 μg/ml) 
of NH4VO3 were layered in 24 well microplates. The pres-
ence/absence of colonies was registered using an inverted 
microscope (Carl Zeiss, Jena, Germany) during 16 days pe-
riod. 

Statistical analysis
The data are presented as mean ± standard error of the 

mean. Statistical differences between control and treated 
groups were assessed using one-way analysis of variance 
(ANOVA) followed by Dunnett post-hoc test and Origin 
6.1TM .

Results

Short-term (MTT, NR, AO/PI, 24–72 h) and long-term 
(16 days) experiments were performed in order to study the 
infl uence of ammonium vanadate on viability and prolifera-
tion of cultured chicken hepatoma LSCC-SF-Mc29 cells.
The obtained data are summarized in Figures 1 and 2 and 
Table 1. They reveal that applied at concentrations of 0.1 – 
20 μg/ml for 72 h NH4VO3 decrease in a time- and concen-
tration-dependent manner the viability and proliferation of 
the treated cells. At concentrations ≥ 5 μg/ml this compound 
completely inhibit the colony-forming ability of ability of 
LSCC-SF-Mc29 cells.

Discussion

In this study we demonstrate for the fi rst time the abil-
ity of ammonium vanadate to suppress the in vitro growth 
of chicken hepatoma cells transformed by the myelocyto-
matosis virus Mc29. A positive correlation between the data 
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received by MTT, NR and AO/PI assays (short-term experi-
ments with monolayer cultures) and colony forming meth-
od revealing the inhibitory effect of the compound on 3D 
colony formation of tumor cells in semi-solid medium was 
observed. 

LSCC-SF-Mc29 cells have been proved to carry v-myc 
oncogene that is specifi c for Mc29 virus. It is well known 
that myc (c-myc, L-myc, N-myc) proto-oncogenes regulate 
key processes involved in many if not all aspects of cell life. 
There are data that myc genes are deregulated in several hu-
man and animal malignancies as a result from genetic and 
epigenetic alterations (Albihn et al., 2010; Dang, 2012).

Despite the accumulated data demonstrating the anti-
cancer properties of vanadium, its mechanism of action is 
not fully understood. The antitumor activity of this element 
could be due to some of the following actions: i) Protective 
effect against the induction of DNA strand breaks and chro-
mosome aberrations by potent hepatocarcinogens; ii) Inhibi-
tion of metabolic activation of the procarcinogen, leading to 
reduced generation and/or binding of the ultimate carcino-

gen to DNA; iii) Elevated detoxifi cation of the precarcino-
gen and/or its reactive metabolites through specifi c induc-
tion of activities of some of the xenobiotic biotransforming 
enzymes; iv). Inhibition of DNA polymerasaes, nucleotidyl 
transferases and phosphotransferas; v) Effect on the immune 
system (Alexandrova et al., 2002; Evangelou, 2002; Alex-
androva and Alexandrov, 2004; Kostova, 2009; Bishayee et 
al., 2010). 

The anticarcinogenic effects of vanadium, in combina-
tion to its low toxicity, established also, by its administration 
in humans, suggest vanadium as a candidate antineoplastic 
agent against human cancer (Kostova, 2009). Additional ex-
periments are required to clarify better the possible involve-
ment of vanadium in myc signaling pathways. Such data will 
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Fig. 1. Effect of NH4VO3 on viability and proliferation 
of LSCC-SF-Mc29 cells. The compound was applied at 
concentrations of 0.1, 0.5, 1, 5, 10 and 20  μg/ml for 24 

h, 48 h and 72 h.  The investigations were carried out by 
MTT (A) and neutral red uptake cytoxicity assays (B)

Fig. 2. Cultured LSCC-SF-Mc29 cell line: control (A) 
and treated for 72 h with NH4VO3 at a concentration of 
0.5 μg/ml (B), 2.5 μg/ml (C), and 5 μg/ml (D). No visible 
effect following treatment with 0.5 μg/ml NH4VO3 (B). 

Increasing number of shrunken and rounded dead cells 
following treatment with 2.5 μg/ml NH4VO3 (C) as well 
as considerable loses of dead cells following treatment 

with 5.0 μg/ml NH4VO3 (D). AO/PI staining, Bar = 50 μm

Table 1
Cytotoxic activity (CC50 and CC90) of NH4VO3 in chicken 
hepatoma LSCC – SF- Mc29
Cytotoxicity Assay MTT NR
Treatment Period 24 h 48 h 72 h 48 h 72 h
CC50 6 3,7 1,5 3,2 1,4
CC90 n.d. n.d. 4,9 n.d. 4,3

CC50 (CC90) – concentrations (μg/ml), that reduce cell viability 
by 50% (90%); n.d. –  CC90 was  not determined because at all 
concentrations administered the cell viability was > 10%.; MTT – 
MTT test; NR – neutral red uptake cytotoxicity assay
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not only enrich our knowledge of the biological behavior of 
this element, but will help us to evaluate its putative applica-
tion in targeted anticancer therapy. 
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