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Abstract: A large amount of parasite biomass production necessitates a higher volume of culture media, and this 
further increases the overall cost. For this reason, novel and alternative culture supplementary materials have been 
continuously investigated. The aim of this study was therefore to evaluate the effect of cell-conditioned media, collected 
as waste material during routine cell culture, on the growth and development of Leishmania parasites in vitro. In this 
study, for the first time, we show that cell-conditioned medium obtained from MCF-7 culture increased the growth of 
Leishmania parasites in vitro. These results show that the metabolites that are present in cell-conditioned media may 
play an important role in in vitro parasite culture. Cell-conditioned media may be used as an economic tool for isolation, 
cultivation, and obtaining biomass of Leishmania parasites in laboratory conditions.
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Introduction 
Leishmaniasis is a group of parasitic diseases 
transmitted by blood-sucking sand flies infected with 
Leishmania parasites (1). Leishmania, a protozoan 
parasite, is one of 21 known species responsible 
for leishmaniasis. The World Health Organization 
has declared leishmaniasis among 1 of the 6 major 
tropical diseases, and it is a major human and animal 
disease in the tropic and subtropic areas of world (1-
4). Leishmania has 2 main life cycle morphologies: 
the intracellular amastigote in the mammalian host 
and the motile promastigote in the vector (2).

In vitro cultivation of protozoan parasites is 
very important for diagnosis, antibody production, 
assessment of parasite immune modulating 
capabilities, drug screening tests, improvements in 
chemotherapy, differentiation of parasites, molecular 
determination of strains, obtaining of purified 
antigen for vaccine production, development 

of attenuated strains, and investigation of host-
parasite interactions. However, the in vitro culture 
of Leishmania parasites involves highly complex 
procedures because these parasites have very complex 
life cycles and, depending on the life cycle stage, may 
require different culture parameters (5). Amastigote 
cultures are carried out by using macrophage 
cells in liquid media, and promastigote cultures 
are carried out in liquid, biphasic, and semisolid 
culture media. Leishmania promastigotes were first 
grown on diphasic blood agar, and these nondefined 
diphasic media are still used today for adaptation and 
cultivation of Leishmania parasites directly isolated 
from both vertebrate and invertebrate hosts. Further 
progress has been made with the use of liquid 
monophasic media (6). However, these diphasic and 
monophasic media for parasite culture should be 
enriched with large amounts of certain amino acids, 
vitamins, hormones, and peptides (7-13).
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Fetal bovine serum (FBS) is a common 
supplement to in vitro and ex vivo cell, tissue, organ, 
and Leishmania parasite cultures with concentrations 
varying between 10% and 30% (6). Depending on 
the number as well as the volume of the cultured 
material, the cost of FBS in a routine laboratory 
setting can in fact be very high. Especially for large-
scale cultures, novel and alternative supplementary 
materials to FBS as well as serum-free methods have 
been continuously investigated (14,15). 

Some studies showed that when protozoan culture 
was carried out together with mammalian cells, 
parasite growth was increased (16). However, the 
effect of mammalian cell metabolites on the growth 
of Leishmania parasites has not yet been investigated 
directly. In a routine cell culture laboratory, one of the 
most common cell lines used is human breast cancer 
cells (MCF-7). DMEM/F12 is generally used as a base 
medium in MCF-7 culture with FBS supplementation 
(17). During each passage, this medium, which also 
contains numerous crucial factors for cellular growth, 
is aspirated and discarded as culture waste. The 
investigation of the effect of this waste medium on 
parasite culture can therefore be very important, not 
only for the evaluation of the components in the waste 
medium, but also for examining its beneficial effects on 
the growth of Leishmania parasites in vitro. In this study, 
for the first time, the effect of a cell-conditioned medium 
that contains MCF-7 cell metabolites on Leishmania 
parasite development and culture was assessed. 

Materials and methods
Leishmania promastigote culture
Leishmania tropica promastigotes (MHOM/TR/
EP39) were kindly provided by Prof Dr Seray Özensoy 
Töz (Parasitology Department, Ege University), and 
300,000 L. tropica promastigotes/mL were cultured in 
DMEM/F12 medium (10% FBS, 2 mM L-glutamine, 
100 µg/mL streptomycin, and 100 U/mL penicillin) 
at 27 °C. Cultures were passaged after 4 days of 
incubation. Morphology and motility of parasites 
were observed by using an inverted microscope 
(Olympus CK40).
MCF-7 cell culture
In DMEM/F12 medium (2 mM L-glutamine, 100 
µg/mL streptomycin, and 100 U/mL penicillin) 

supplemented with or without FBS at 37 °C and 5 % 
CO2, 100,000 MCF-7 cells/mL were cultured. Cells 
were passaged twice a week by trypsin/EDTA.
MCF-7 cell-conditioned media collection
Cell-conditioned media with and without FBS were 
aspirated before each passage, generally on the 
third day of cell culture. Each collected conditioned 
medium was filtered (disposable sterile filters, 0.22 
µm, Millipore Corporation), and volume and pH 
values were recorded before storing at 4 °C. 
The effect of MCF-7 cell metabolites on the growth 
of Leishmania promastigotes
In the first phase of the study, Leishmania promastigote 
cultures were carried out with cell-conditioned 
media obtained from MCF-7 cell culture in DMEM/
F12 without FBS, with varying ratios (25%, 50%, and 
100% diluted with DMEM/F12 without FBS). An 
aliquot of 3 × 105 parasites/mL was inoculated in 2 
mL of medium supplemented with varying ratios of 
metabolites. 

In the second group of experiments, the effects 
of metabolites obtained from MCF-7 cells grown in 
medium with and without FBS were investigated. 
DMEM/F12 with 10% FBS and DMEM/F12 without 
FBS were used as control. Parasites were counted at 
48 and 96 h.
Parasite counting 
Parasites were diluted with formaldehyde (2%). 
The cell suspension was introduced into one of the 
V-shaped wells using a Pasteur pipette. The counting 
chamber was then placed on the microscope stage 
and the counting grid was brought into focus at low 
power. One entire grid on a standard hemocytometer 
was counted at 40× objective and the subsequent 
cell concentration per milliliter was determined by 
the following equation: cells per milliliter = average 
count per square × dilution factor × 104 (count 10 
squares).
Statistical analysis
All experiments were performed in triplicate. The 
results were expressed as mean ± standard deviation 
(SD). A parametric test (paired t-test) was used to 
evaluate the significance of the results. All data were 
analyzed using SPSS 16.0 for Windows, and values of 
P < 0.05 were considered statistically significant.
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Results
In this study, the quantitative and qualitative effects 
of cell-conditioned media on Leishmania growth 
were investigated. We observed that parasites 
were more active, motile, potent, and healthy in 
medium containing MCF-7 cell-conditioned media 
compared to the control. Moreover, in the cultures 
with conditioned media supplementation, cluster 
formation, which is one of the common parameters 
that indicate physiological activity, was more 
intensive (Figure 1). 

Figure 2 shows the effect of varying concentrations 
of metabolites on parasite growth. While the number 
of parasites was decreased in the control group, 
the number of parasites in the media containing 
metabolites was relatively increased with the 
increasing metabolite concentration. The number 
of parasites among groups at 96 h was significantly 
different (P < 0.05). 

The effect of cell-conditioned media with and 
without FBS on parasite growth is shown in Figure 
3. In terms of parasite growth, the statistically 
nonsignificant but improved effect of cell culture 
metabolites was observed between the control 
(DMEM/F12 with 10% FBS) and the cell-conditioned 
medium (group 4). However, there was a difference 
between the control (DMEM/F12 without FBS) and 
metabolites obtained from MCF-7 cells that were 
cultured in medium without FBS (group 3).  

Discussion
In the literature, together with FBS, numerous base 
media with varying formulas (199H, RPMI 1640, 
DMEM/F12, Schneider’s Drosophila medium, and 

A

B 

Figure 1.	 Microscopic morphology of the parasites that were 
cultured with different culture media compositions 
(20×): A) control, DMEM/F12 + 10% FBS; B) cell-
conditioned media obtained from MCF-7 that was 
cultured with DMEM/F12 + 10% FBS. 
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Figure 2.	 The effect of metabolites with different concentrations 
on the proliferation of Leishmania promastigotes 
(error bars ± SD).
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Figure 3.	 The effect of different culture media on the 
proliferation of Leishmania promastigotes: group 1, 
control, DMEM/F12; group 2, metabolite of MCF-7 
grown in DMEM/F12 without FBS; group 3, control, 
DMEM/F12 + 10% FBS; group 4, metabolite of MCF-7 
grown in DMEM/F12 with 10% FBS. Error bars ± SD.
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Grace’s insect tissue culture medium) have been 
reported for the cultivation of Leishmania parasites 
(18-22). FBS contains essential components such 
as hormones, vitamins, transport proteins, and 
attachment, spreading, and growth factors (14). 
About 500,000 L of serum are produced on an annual 
basis (23), and for this purpose, more than 1,000,000 
bovine fetuses have to be harvested annually (24).

Large-scale culture of parasites for isolation 
and purification of the Leishmania immunogenic 
component is very important because an effective 
vaccine against the disease has not been developed 
yet (25). However, FBS is very expensive for large-
scale culture for parasite biomass production (26). 
For this reason, decreasing the cost of culture media 
for Leishmania parasites is an important issue. 

In our study, positive and growth stimulatory 
effects of cell-conditioned media may indicate that 
cancer cells may produce and secrete some factors 
into the cell culture media and that these factors 
provide positive and stimulatory effects on parasite 
proliferation in vitro. 

The reason for this stimulation may be the fact 
that components released from mammalian cells 
induce metabolism of Leishmania parasites similar 
to other protozoa (16). Some studies indicated that 
metabolites of hepatocytes provide a stimulation 
of protozoa parasite Plasmodium spp. in culture 
(27). However, hepatocyte metabolites should only 
be obtained in primary culture; hence, continuous 
production of cell-conditioned media is not possible 
for such cells. 

We have primarily chosen to use MCF-7 cell 
metabolites for the following reasons: long-term 
cultivation of these cells is possible; both MCF-7 cells 
and Leishmania parasites have been reported to grow 
in DMEM/F12 efficiently (18,19,26); and metabolites 
of MCF-7 cells can be obtained very easily because 
this cell line is used in a wide range of laboratory 
studies. 

Development of a novel medium for parasite 
stimulation and growth is very important, not only 
for large-scale culture, but also for diagnosis of 
parasites by using parasite culture methods. Even if 
liquid media have a high ratio of FBS, sometimes this 
may not be enough to increase the sensitivity of the 
diagnosis for parasite isolation. Therefore, our results 
may indicate that MCF-7 cell-conditioned media can 
be used to increase the sensitivity of the diagnosis, 
the efficiency of the parasite isolation, and parasite 
multiplication in the culture. 

As a result, for the first time, this study showed 
that waste medium with MCF-7 cell metabolites 
stimulated Leishmania parasites proliferation. 
Therefore, the medium may be useful for obtaining 
large amounts of parasite biomass. These findings may 
also imply that cell-conditioned media may be used 
for isolation, cultivation, and biomass production 
of other protozoa parasites. There are many culture 
laboratories in the world. If metabolites are used 
routinely in parasitology laboratories for parasite 
growth, cell metabolites may be easily obtained from 
cell culture laboratories that study different cancer 
cell lines. 

Acknowledgments 
The authors gratefully acknowledge the Scientific 
and Technological Research Council of Turkey 
(TÜBİTAK) for financial support. 

Corresponding author: 
Rabia ÇAKIR KOÇ 
Department of Bioengineering, 
Chemical and Metallurgical Faculty, 
Yıldız Technical University, 
34210 Esenler, İstanbul - TURKEY 
E-mail: rabiacakir@gmail.com 

References
1.	 Datta AK, Datta R, Sen B. Antiparasitic chemotherapy: 

tinkering with the purine salvage pathway. Adv Exp Med Biol 
625: 116-132, 2008.

2.	 Wheeler RJ, Gluenz E, Gull K. The cell cycle of Leishmania: 
morphogenetic events and their implications for parasite 
biology. Mol Microbiol 79: 647-662, 2011. 



M. BAĞIROVA, R. ÇAKIR KOÇ, A. ALLAHVERDİYEV, M. ERSÖZ

657

3.	 Özer N. Emerging vector-borne diseases in a changing 
environment. Turk J Biol 29: 125-135, 2005.

4. 	 Allahverdiyev AM, Cakir Koc R, Canim Ates S et al. Leishmania 
tropica: The effect of darkness and light on biological activities 
in vitro. Exp Parasitol 128: 318-323, 2011.

5. 	 Visvesvara GS, Garcia LS. Culture of protozoan parasites. Clin 
Microbiol Rev 15: 327-328, 2002.

6. 	 Merlen T, Sereno D, Brajon N et al. Leishmania spp.: completely 
defined medium without serum and macromolecules (CDM/
LP) for the continuous in vitro cultivation of infective 
promastigote forms. Am J Trop Med Hyg 60: 41-50, 1999.

7. 	 Iovannisci DM, Ullman B. High efficiency plating method 
for Leishmania promastigotes in semi-defined or completely 
defined medium. J Parasitol 69: 633-636, 1983.

8. 	 Melo NM, De Azevedo W, Roitman I et al. A new defined 
medium for cultivating Leishmania promastigotes. Acta Trop 
42: 137-141, 1985.

9. 	 O’Daly JA, Rodriguez MB. Differential growth requirements of 
several Leishmania spp. in chemically defined culture media. 
Acta Trop 45: 109-126, 1988.

10. 	 Jackson JE, Tally JD, Tang DB. An in vitro micromethod for 
drug sensitivity testing of Leishmania. Am J Trop Med 41: 318-
330, 1989.

11. 	 Kar K, Mukerji K, Naskar K et al. Leishmania donovani: 
a chemically defined medium suitable for cultivation and 
cloning of promastigotes and transformation of amastigotes to 
promastigotes. J Eukaryot Microbiol 37: 277-279, 1990.

12. 	 Gupta AK, Saran R. In vitro maintenance of Leishmania 
donovani promastigotes in a cheap, serum-free, hemin-based, 
autoclavable culture medium. J Commun Dis 23: 276-277, 
1991.

13. 	 McCarthy-Burke C, Bates PA, Dwyer DM. Leishmania 
donovani: use of two different, commercially available, 
chemically defined media for the continuous in vitro cultivation 
of promastigotes. Exp Parasitol 73: 385-387, 1991.

14. 	 van der Valk J, Mellor D, Brands R et al. The humane collection 
of fetal bovine serum and possibilities for serum-free cell and 
tissue culture. Toxicol in Vitro 18: 1-12, 2004.

15. 	 Başalp A. Simple production and purification of monoclonal 
antibodies in serum-free medium. Turk J Biol 24: 189-196, 
2000.

16. 	 Allakhverdiev AM, Akinshina GT. Stimulation of the 
development of chloroquine-sensitive and -resistant strains 
of Plasmodium falciparum by cocultivation with Mastomys 
natalensis cells. Med Parazitol 3: 70-72, 1988 (article in 
Russian). 

17. 	 Gregoraszczuk E, Ptak A. Involvement of caspase-9 but not 
caspase-8 in the anti-apoptotic effects of estradiol and 4-OH-
Estradiol in MCF-7 human breast cancer cells. Endocr Regul 
45: 3-8, 2011.

18. 	 Chance ML, Peters W, Shchory L. Biochemical taxonomy of 
Leishmania. I. Observations on DNA. Ann Trop Med Parasitol 
68: 307-316, 1974.

19. 	 Hendricks LD, Wood DE, Hajduk ME. Haemoflagellates: 
commercially available liquid media for rapid cultivation. 
Parasitology 76: 309-316, 1978.

20. 	 Childs GE, Foster KA, McRoberts MJ. Insect cell culture media 
for cultivation of New World Leishmania. Int J Parasitol 8: 255-
258, 1978.

21. 	 Childs GE, McRoberts MJ, Moussa MA. Systems for the in 
vitro large-scale propagation of New World Leishmania. Ann 
Trop Med Parasitol 73: 395-396, 1979.

22. 	 Elgazwy ASH, Yasinzai MM. Sensitivity of kinetoplastids to 
aminoglycoside: correlation with the 3’ region of the small 
subunit rRNA gene. Turk J Biol 32: 167-174, 2008.

23. 	 Hodgson J. To treat or not to treat: that is the question for 
serum. Nat Biotechnol 13: 333-334, 1995. 

24. 	 Jochems CE, van der Valk JB, Stafleu FR et al. The use of fetal 
bovine serum: ethical or scientific problem? Altern Lab Anim 
30: 219-227, 2002.

25. 	 Allahverdiyev A, Bağırova M, Çakır Koç R et al. Approaches 
and problems in vaccine development against leishmaniasis. 
T Parazitol Derg 34:122-130, 2010 (article in Turkish with 
English abstract).

26. 	 Halama A, Moller G, Adamski J. Metabolic signatures in 
apoptotic human cancer cell lines. OMICS 15: 1-11, 2011.

27. 	 Mazier D, Druilhe P, Guguen-Guillouzo C et al. Hepatocytes as 
feeder-layers for in vitro cultivation of Plasmodium falciparum 
blood-stages. Trans R Soc Trop Med Hyg 78: 330-334, 1984. 


