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Abstract. There is a clear need for new, more effective anticancer drugs. Activity of involved in cell pathology proteins is controlled 
by different ligands, including various small organic molecules. Therefore, great attention has been paid on diversity-oriented 
synthesis in order to generate collections of such molecules. Phosphorylated -hydroxyallenes (BA) represent a group of small 
organic molecules with structural similarity. Some of them were found to have antibacterial and antifungal activity. Present study 
aimed to evaluate effects of four representatives of phosphorylated -hydroxyallenes on human hepatoma cell line SK-HEP-1 in 
vitro using cell proliferation assay. The dose-response effect of the randomly selected compound was determined to select the 
cytotoxic dose (namely BA-2; dose range 100-500 µg/ml, for 24 h). The results revealed concentration-dependent and statistically 
significant inhibition effect of BA-2. The half maximal inhibitory concentration (IC50) value was determined – 150 µg/ml. The 
calculated IC50 value was used to assess the effects of the three other BA tested. After treatment with BA-5 and BA-7, cell viability 
was similar to those of control, respectively about 111% and 90%. Interestingly BA-6 stimulated cell proliferation at tested dose. The 
results suggest that the influence on proliferation/viability of cancer cell line greatly depend on the structural changes of 
phosphorylated -hydroxyallenes BA-2, BA-5, BA-6 and BA-7. On the basis of observed strong inhibitory effect BA-2 can be selected 
for further testing as a potential precursor of effective anticancer drug. 
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Introduction 
 
Biological pathways maintain normal functions in human 
body. It is known that disturbance of different pathways 
leads to uncontrolled cell proliferation associated with can-
cer, but the molecular mechanism is far from understaning 
(Stockwell 2004, Knox 2010, Seyfried & Shelton, 2010, Urrego 
et al. 2014, Kim et al. 2016, Patel et al. 2017). Proteins that are 
the most versatile macromolecules in living organisms are 
involved in these disturbances. Activity of cell proteins is 
controlled by binding of different ligands, including various 
small organic molecules (Besbes et al. 2016, Tolomelli et al. 
2017). It should be noted that small organic molecules com-
prise most anticancer medicines marketed today (Martins et 
al. 2015, Hagenbuchner & Ausserlechner 2016). Contempo-
rary medical science is unable to cure most cancers. Urgent 
action is needed to develop new high efficiency drugs with 
selective action against tumor cells.  

Drug discovery involves screening of small molecules 
for their ability to modulate protein functions, without selec-
tion of particular target molecule (Schreiber 2000, Arya et al. 
2001). Phosphorylated -hydroxyallenes (BA) represent a 
group of small organic molecules with structural similarity. 
Previous studies established existence of antibacterial (Igna-
tova-Ivanova et al. 2015b, Ignatova-Ivanovaet al. 2015c) and 
antifungal activity of some of phosphorylated -
hydroxyallenes (Ignatova-Ivanova et al. 2015a, Ignatova-
Ivanova et al. 2015d). Present study aimed to evaluate effects 
of four representatives of phosphorylated -hydroxyallenes 
on human hepatoma cell line SK-HEP-1 in vitro using cell 
proliferation assay. 

 
 

Materials and methods 
 
Chemicals and reagents 
DMEM growth media and fetal calf serum were purchased from 
PAA (Austria). Premixed WST-1 Cell Proliferation Reagent waspur-
chased from Roche Applied Science. 

 
 

Figure 1. The phosphorylated -hydroxyallenes BA-7, BA-2, BA-5 
and BA-6. 

 
 

BA (BA-2: Dimethyl 1-(1-hydroxyethyl)-3-methylpenta-1,2-
dienephosphonate; BA-5: Dimethyl 1-hydroxymethyl-3-methylpenta-1,2-
dienephosphonate; BA-6: Dimethyl 1-(1-hydroxyethyl)-3-methylhepta-1,2-
dienephosphonate; BA-7: 3-Diphenylphosphinoyl-2,5-dimethylhepta-3,4-
dien-2-ol) (Fig. 1) were synthesized in the Laboratory of Toxicological 
Chemistry, Faculty of Natural Sciences, Konstantin Preslavsky Uni-
versity of Shumen (Bulgaria) (Ismailov et al. 2014). 

 
Cell lines and culture conditions 
The SK-HEP-1 was obtained from National Bank for industrial Mi-
croorganisms and Cell Cultures (Bulgaria). The cells were main-
tained as adherent in controlled environment: DMEM medium, sup-
plemented by 10% heat-inactivated fetal calf serum, in incubator at 
37 ºC, 5% CO2 and humidified atmosphere. In order to keep cells in 
log phase, the cultures were refed with fresh medium two or three 
times/week. 

 
In vitro cytotoxicity assay (dose-response relationship) 
Cell proliferation/viability was assessed using Premixed WST-1 Cell 
Proliferation Reagent. The assay principle is based upon the reduc-
tion of the tetrazolium salt WST-1 to formazan in the mitochondria 
of living cells. Exponentially growing cells were seeded in 96-well 
flat-bottomedmicroplates (100 μl/well) at a density of 1×105 cells per 
ml. Time of treatment was 24 hours. 

Stock solutions (dose range 100 – 500 µg/ml) of randomly cho-
sen compound, namely BA-2, were freshly prepared in DMEM and 
filtered using 0.22 µm filter. Four hours before the end of incubation 
time, cell proliferating reagent WST-1 (10 μl/well) was added to the 
culture media. Microplates were further incubated for 4 hours at 37 
ºC. The absorbance of formazan product was quantitated at 450 nm 
using an ELISA reader. The cell survival fractions were calculated as 
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a percentage of the untreated control (untreated control = 100%). 
Dose response curves were created by plotting the percent of viable 
cells versus the test concentrations. Concentration of the phosphory-
lated -hydroxyallene BA-2 showing 50% reduction in cell viability 
(half maximal inhibitory concentration value, IC50) was then calcu-
lated. 

In addition, BA-5, BA-6 and BA-7 solutions were prepared at 
concentrations corresponding to the IC50 value determined for BA-2 
and used to assess cell viability effects. 

 
Data processing and statistics 
The cytotoxicity assays were carried out in 9 replicate wells. The val-
ues for each concentration tested representthe average. Student’s t-
test was performed with P≤0.05 taken as a significance level. 
 
 
Results 
 
Four phosphorylated -hydroxyallenes were used in this 
study, namely BA-2, BA-5, BA-6 and BA-7.  Selecting a dose 
for cytotoxicity evaluation we have provided cell prolifera-
tion assay (dose-response relationship) using randomly se-
lected compound (namely BA-2). The results revealed con-
centration-dependent and statistically significant (P≤ 0.05) 
inhibition effect of BA-2 (dose range 100-500 µg/ml, for 24 
h). As can be seen, treatment with the lowest concentration 
of BA-2 showed great reduction in cell viability. After addi-
tion of 200 µg/ml BA-2 viability was reduced by 62.03 per-
cent units. The inhibitory effect of the compound tested was 
notable at dose range 300-500 µg/ml. From the curve based 
on the obtained values plotted as percentage of viable cells 
against doses IC50 was obtained – 150 µg/ml. 

The other three small organic molecules (namely BA-5, 
BA-6 and BA-7) at dose equal to calculated IC50 value were 
further tested (Fig. 3). After treatment with BA-5 and BA-7 
cell viability was similar to those of control, respectively 
about 111% and 90%. Interestingly, BA-6 stimulated cell pro-
liferation at dose tested.  
 
 
Discussion 
 
There is a clear need for new and effective anticancer drugs 
(Burger & Fietig 2004, Abu-Surrah & Kettunen 2006, Pot-
gieter et al. 2016). The most promising area in cancer therapy 
is cell growth inhibition (Zahri et al. 2009). Cell proliferation 
is controlled by different proteins. Lately, great attention has 
been paid on diversity-oriented synthesis in order to gener-
ate collections of small molecules capable to modulate pro-
tein functions (Schreiber 2000, Kim et al. 2016). Drug devel-
opment is very complicated and time-consuming process. 
Zhou & Wong (2006) described a recently emerged promis-
ing strategy in drug development. According to the authors, 
cell-based assays could be used for the development of new 
drugs starting from in vitro toxicity screening.  

Using such a strategy in present study we have evalu-
ated antiproliferative activity of four small organic mole-
cules. Amongst tested hydroxyallenic compounds, com-
pound BA-2 showed greater inhibitory effect than com-
pounds BA-5 and BA-7. The observations on prolifera-
tion/viability of cancer cell line SK-HEP-1 made in this 
study suggest that the effects greatly depend on the particu-
l a r  c h a n g e s  i n  t h e  s t r u c t u r e  o f   - 

 
 

Figure 2. Effect of BA-2 on proliferation/viability of human hepa-
toma cell line SK-HEP-1; *P ≤ 0.05. 

 

 
 

Figure 3. Effect of BA-5, BA-6 and BA-7 at concentration 
150 µg/mL on proliferation/viability of human hepa-
toma cell line SK-HEP-1. 

 
 

hydroxyallenes BA-2, BA-5, BA-6 and BA-7. As can be seen 
when the secondary carbon atom of hydroxyl group in BA-2 
is exchanged with primary one in the phosphonate BA-5 or 
with tertiary atom in the phosphine oxide BA-7 the inhibi-
tion effect on proliferation/viability of human hepatoma cell 
line SK-HEP-1 decreases. On the other hand, it is clear that 
the prolongation of the carbon chain in compound BA-6 
leads to achievement of stimulatory effect on cell prolifera-
tion of SK-HEP-1 at the tested dose. It should be noted that 
selective influence of chemical compounds on different cells 
has been established. For example, our previous studies 
showed different effects of other small organic molecule on 
peculiar cell lines (Dragoeva et al. 2014, Koleva et al. 2014). It 
can be speculated that dissimilar effects are related to inter-
actions with diverse signaling biological pathways. 

 
 

Conclusions 
 
Screening of phosphorylated -hydroxyallenes BA revealed 
great variability in their influence on viability of hepatoma 
cancer cells. On the basis of observed strong inhibitory effect 
BA-2 can be selected for further testing as a potential precur-
sor of effective anticancer drug. 
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