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ity of mitochondria. The higher cytotoxicity of biofuel III may be due to 
the contamination present in the raw material (Skowroń et al. 2015). 

The clonogenic assay has been used in a variety of studies with 
many different cell types to detect cells that retained the capacity for pro-
ducing a large number of progeny after treatments or that can cause re-
productive death as a result of damage to chromosomes, apoptosis, etc. 
(Brown, Attardi 2005). The Chinese hamster ovary cells (CHO-9) are 
regarded as an appropriate model for investigating the cytotoxic effect of 
xenobiotics and were more sensitivity for studying these effect of cad-
mium compounds than human lung cancer cells A549 (Zapór 2014). In 
this study, the clonogenic assay is used to assess the effects of exposure 
to four biofuels on colony formation of CHO-9 cells. 

2. Materials and methods 

2.1. Cell cultures and treatment 

The line of Chinese hamster ovary cells CHO-9 was kindly pro-
vided by the Institute of Biochemistry and Biophysics of the Polish 
Academy of Sciences in Warsaw, Poland. The CHO-9 cells were cul-
tured as a monolayer in F-10 (Ham) medium supplemented with 7% FBS 
and 1% antibiotic-antimycotic (1 ml/100 ml medium) in sterile tissue 
culture flasks (Nunc, USA) and maintained at 37°C under the humidified 
atmosphere of 95% air and 5% CO2 (pH 7.2-7.4). The cells were subcul-
tured twice a week. Before the experiment, cell suspension was prepared 
and cell viability was assessed with the trypan blue exclusion assay 
(Tennat 1964). 

2.2. Preparation of tested biofuels 

Tested biofuels: I, II and III have been produced in the laboratory, 
based on generally used by agricultural producers of technology for the 
production of biofuels, low-temperature transesterification (Frąckowiak 
2002). Biofuel IV was prepared in a factory producing biofuels from 
crude rapeseed oil. The tested biofuels were insoluble in water. Accord-
ing to the method described by Chou (2003), for the aromatic hydrocar-
bons which are components of aviation fuels and therefore insoluble in 
water, the 15 ml of tested biofuels were shaken with 5 ml culture medium 
in sterile flasks of 50 ml for 18 h at room temperature with a rotational 
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speed of 400 rpm. Then, after centrifugation, a layer of the resulting 
emulsion was drained and about 4 ml of the clear medium was obtained. 
It was assumed that it would be a solution of saturated fatty acid esters. 
The media was then further serially diluted, assuming 75% solution of 
the test biofuel in the medium as 100% in order to obtain a range of con-
centrations to determine the concentration-effect. The highest concentra-
tions of the test solutions of the biofuels were strongly cytotoxic to CHO-
9 cells that did not form colonies (Table 1). 

 
Table 1. The range of concentrations of tested biofuels in media used 
in clonogenic assay on Chinese hamster ovary CHO-9 cells  
in the preliminary study 
Tabela 1. Zakres stężeń badanych biopaliw w mediach komórkowych 
stosowanych w teście tworzenia kolonii na komórkach jajnika chomika 
chińskiego CHO-9 (badania wstępne) 
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0.188-3 0.188-0.75 0.188-1.5 0.375-6 

2.3. Clonogenic assay 

The clonogenic assay, also called colony formation assay or col-
ony forming efficiency assay, is based on the ability of a single cell to 
grow into a colony. The procedure for the clonogenic assay was adopted 
from Puck and Markus (1956) and Franken et al. (2006) and cells were 
treated after plating. A colony being defined to consist as at least 
50 clones of one cell (which corresponds to 6 mitotic divisions). Expo-
nentially growing cells were harvested and seeded in sterile Petri dish 
60 x 15 mm (21 cm2) (Iwaki Cell Biology, Japan) at a density of 
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500 cells/dish together with tested biofuels. Each dish finally contained 
5 ml of cell culture medium with biofuels in appropriate concentrations at 
least in three replicates for each treatment. Cells were exposed to biofuels 
over the time period they needed to form colonies, that is 7 days. After 
this period, particle solutions were removed, cells were washed with 
phosphate buffered saline (PBS), fixed (ethanol), stained (0.4% Giemza), 
and colonies were counted. The average plating efficiencies of cells were 
56%. To calculate the survival fraction we used a formula, described as 
follows (Nikzad, Hashemi 2014): 

PE = (the number of colonies counted/the number of cells) ꞏ 100 (1) 

where, PE is the plate efficiency. 
 
The surviving fraction (SF) is determined by dividing the PE of 

the treated cells by the PE of the controls, and then multiplying by 100: 

SF = (PE of treated sample/PE of control) ꞏ 100 (2) 

2.4. Statistics 

At least three independent experiments were conducted for biofu-
els. Test results were expressed as percentage of the unexposed control ± 
standard deviation (SD). Control values were set as 100%. Differences 
between samples and the control were evaluated using t-test. Results 
were considered statistically significantly different at p < 0.05. 

3. Results and discussion 

As shown in Fig. 1, after a 7-day exposure of CHO-9 cells to bio-
fuel I, colony numbers were reduced in all tested concentration (p < 0.05) 
to around 9.75%, 7.9%, 3.2% and 27.7% compared to control, respective-
ly. The exposure of CHO-9 cells to biofuel II from animal fats for 7 days 
in the same concentration as biofuel I, resulted in the colony numbers 
reduced by: 13.5%; 21%; 82.7% and 81.7% respectively, compared to 
control. Biofuels III reduced the formation of CHO-9 colonies in all con-
centrations, but significant differences existed for the following concen-
trations: 0.188%; 0.375%; 0.75% and 1.5%. The colony numbers were 
reduced by: 3.7%; 13%; 11.2% and 97%, respectively. For a 1% solution 
of biofuel III, the number of CHO-9 colonies created was reduced by 
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51.8% relative to control but not statistically significant (large differ-
ences in the t-Student test, high SD value). For a 0.5% concentration of 
BP III, the ability to form colonies by CHO-9 cells was not assessed, 
because at a lower concentration, i.e. 0.375% and higher, i.e. 0.75%, the 
colony-forming capacity was at the same level. Biofuel IV derived from 
crude rapeseed oil reduced the colony number of CHO-9 cell at higher 
concentrations than other tested biofuels. At a concentration of 3% the 
result was statistically insignificant (large differences in the t-Student 
test, high SD value). At a concentration of 0.375%, a statistically signifi-
cant increase in the ability of CHO-9 cells to colony formation was ob-
served. It can be explained by the formation by some cells of large colo-
nies that survived the exposure and maintained the ability to multiply 
indefinitely (Munshi et al. 2005). This can also be explained by the phe-
nomenon of hormesis (Calabrese & Baldwin 2001). Mild to moderate 
exposure shifts cells to an adaptive state because the homeostatic control 
is operating. Higher exposure moves cells to a stressed state because the 
limit of homeostatic control is reached. Cells in adaptive or stressed state 
can still return to normal, unstressed state after removal of the stressor. 
However, very high doses of stressors are likely to drive cells irreversibly 
to a toxic state, where apoptosis or necrosis occurs (Zhang et al. 2008). 
At the highest concentration of biofuel IV, i.e. 6% CHO-9 cells did not 
form colonies. 

Colony test results showed that the ability of CHO-9 cells to form 
colonies and the degree of inhibition were depended on the type and con-
centration of the biofuel. The strongest action in reducing CHO-9 cell 
proliferation capacity was demonstrated by biofuel II in solutions of 
0.5% or 0.75% and biofuel III in 1.5% solution. Biofuel IV impacted on 
the ability of the CHO-9 cells to colony forming in higher concentration 
than others. 

The ability of cells to form colonies has been widely used to 
screen xenobiotics for potential toxic activity (Franken et al. 2006). Only 
mitotically viable cells are capable of producing clones and therefore 
colonies. As a result, the number of colonies formed after or during 
treatment indicates cell viability as these cells are able to stay attached to 
the culture vessel surface and are able to undergo a certain amount of cell 
divisions. The clonogenic assay offers the possibility of long-term toxici-
ty assessment at a sub-lethal level. 
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Fig. 1. Effects of biofuels exposure to colony formation of Chinese hamster 
ovary cells (CHO-9) cells. Bars showing colony number as determined 
following 7 days exposures to biofuel obtained of: rapeseed expired oil (BP I), 
waste animal fats (BP II), frying vegetable oils (BP III), and rapeseed oil  
(BP IV). Results are expressed as percent of control mean ± SD of three 
independent experiments. Asterisk (*) denotes a significant difference  
from the control (p ≥ 0.05) 
Rys. 1. Wpływ badanych biopaliw na zdolność tworzenia kolonii przez komórki 
jajnika chomika chińskiego CHO-9. Każdy punkt reprezentuje średnią i 
odchylenie standardowe (± SD) z 3 niezależnych eksperymentów  
po 7 dniowym narażeniu na: przeterminowany olej rzepakowy (BP I),  
tłuszcz zwierzęcy (BP II), posmażalniczy olej roślinny (BP III) oraz surowy olej 
rzepakowy (BP IV). Gwiazdka (*) oznacza różnice statystycznie istotne 
w stosunku do komórek nienarażanych na badane biopaliwa (p < 0,05) 

In this study, it was possible to show differences in cytotoxicity 
between four types of biofuels after 7 days of exposure. Biofuel II from 
animal fats, which has the highest concentrations of fatty acid esters, was 
more reactive compared to others. Biofuel III produced from frying vege-
table oils was the most toxic on A431 skin cells and the study also 
showed that it was more toxic to proliferation of CHO-9 cells than bio-
fuel I or IV. The preliminary report does not provide any explanation for 
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this effect, but the result may nevertheless be interesting for future stud-
ies on genotoxicity of biofuels. 

Bünger et al. (2007) demonstrates very strong mutagenicity of 
Diesel engine particles extracts and condensates from combustion of 
rapeseed oil and preheated rapeseed oil in the Salmonella typhi-
murium/mammalian microsome assay. The authors conclude that the 
strong increase of mutagenicity using rapeseed oil as diesel fuel com-
pared to the reference Diesel fuel and other fuels causes deep concern for 
future usage of this biologic resource as a replacement of the established 
diesel fuels. 

 
This paper has been based on the results of a research task car-

ried out within the scope of the fourth stage of the National Programme 
“Improvement of safety and working conditions” partly supported in the 
years 2017-2019 – within the scope of research and development – by the 
Ministry of Science and Higher Education/National Centre for Research 
and Development. The Central Institute for Labour Protection – National 

Research Institute is the Programme’s main coordinator. 
We would like to thank Professor Wojciech Golimowski  

from the Institute of Technology and Life Sciences, Poznań, Poland,  
for his help in producing the tested biofuels. 
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Wpływ biopaliw na tworzenie kolonii  
przez komórki CHO-9 

Streszczenie 

Oceniano wpływ czterech biopaliw otrzymanych w reakcji transestryfi-
kacji tłuszczów odpadowych: przeterminowanego oleju rzepakowego (BP I), 
tłuszczu zwierzęcego (BP II), posmażalniczego oleju roślinnego (BP III) oraz 
surowego oleju rzepakowego (BP IV) na zdolność komórek jajnika chomika 
chińskiego (CHO-9) do procesów odnowy i prawidłowego namnażania się (test 
klonogenny). Badane biopaliwa hamowały zdolność komórek jajnika chomika 
chińskiego CHO-9 do tworzenia kolonii, a stopień zahamowania zależał od 
rodzaju oraz stężenia badanego biopaliwa. Najsilniejsze działanie ograniczające 
zdolność komórek CHO-9 do proliferacji wykazywało biopaliwo II otrzymane 
z tłuszczu zwierzęcego oraz biopaliwo III otrzymane z posmażalniczego oleju 
roślinnego. Najsłabiej na zdolność tworzenia kolonii komórek CHO-9 działało 
biopaliwo IV otrzymane z surowego oleju rzepakowego. Wyniki sugerują, że 
biopaliwa mogą odgrywać rolę w mechanizmie molekularnym związanym 
z proliferacją komórek i odpowiedziami immunologicznymi, co powinno zostać 
potwierdzone w przyszłych badaniach genotoksyczności biopaliw. 

Abstract 

The four types of biofuels obtained by methanol transesterification of: 
rapeseed expired oil (BP I), waste animal fats (BP II), frying vegetable oils (BP 
III), and rapeseed oil (BP IV) were studied on the Chinese hamster ovary 
(CHO-9) cells using the clonogenic assay. Colony test results showed that tested 
biofuels inhibited the ability of CHO-9 cells to form colonies, depending on the 
type and concentration of the biofuel being tested. The strongest action in re-
ducing CHO-9 cell proliferation capacity was demonstrated by biofuel II and 
biofuel III. Biofuel IV had the least effect on the ability of the CHO-9 cells to 
colonize. The results suggest that biofuels might play a role in molecular 
mechanisms associated with cellular proliferation and immune responses, that 
should be confirmed in the future studies on genotoxicity of biofuels. 

 
Słowa kluczowe: 
biopaliwa, test tworzenia kolonii, komórki jajnika chomika chińskiego (CHO-9), 
in vitro 

Keywords: 
biofuels, clonogenic assay, Chinese hamster ovary (CHO-9) cells, in vitro 
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