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Abstract

Background: Visceral leishmaniasis, also known as Kala-Azar among the public, is among the notifiable infectious diseases. 
The fact that an effective and safe drug or vaccine formulation suitable for use on humans has not been developed causes the 
disease threat to continue. The aim of this study is to determine the immune system stimulating properties and cytotoxicity of 
the formulations obtained by combining the antigen obtained from Leishmania infantum parasites with different adjuvants.
Methods: L. infantum (EP 126) antigens were obtained by the freeze-thaw method. Freund's adjuvant (Complete and 
Incomplete), a classical adjuvant, was used in the studies. Mouse macrophage (J774) and mouse fibroblast (L929) cell lines 
were used for cytotoxicity studies. Additionally, the responses at both 10ug/ml and 40ug/ml were investigated to ensure that 
the developed formulations were easily adaptable to in vivo. While the cytotoxicity of the formulations was determined by 
the MTT cell viability analysis method, the antileishmanial property was determined by the Nitric Oxide (NO) determination 
method.
Results: It was determined that all the developed formulations did not have a toxic effect on the host cell, the immunostimulating 
activity increased with increasing concentration, and the highest value was obtained at a concentration of 200 µg/ml. Cell 
viability at the maximum concentration was found to be between 78% and 89% for both J774 and L929 cells. The highest cell 
viability values and NO production abilities (37% increase compared to the control group) were obtained with Incomplete 
Freund's adjuvant (40 ug/ml formulation). 
Conclusion: It has been understood that the combination of antigens obtained by the freeze-thaw method with Freunds 
adjuvant (incomplete) supports NO production, thus having an immunostimulating effect.
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Abbreviations: CL: Cutaneous Leishmaniasis; VL: 
Visceral Leishmaniasis; MCL: Mucocutaneous Leishmaniasis; 
WHO: World Health Organization; CFA: Complete Freund’s 
Adjuvant; IFA: Incomplete Freund’s Adjuvant; FBS: Fetal 
Bovine Serum; DMEM: Dulbecco’s Modified Eagle Medium; 
SLA: Soluble Leishmania Antigens.

Introduction

Leishmaniasis, caused by protozoans of the genus 
Leishmania, is a parasitic disease that is endemic in 
approximately 98 countries including Turkey [1]. There 
are three clinical forms caused by different types of 
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leishmania: Cutaneous Leishmaniasis (CL), Mucocutaneous 
Leishmaniasis (MCL), which causes deep lesions on the 
skin, and Visceral Leishmaniasis (VL), which causes death if 
left untreated. L. major and L. tropica are among the most 
common CL agents, while VL agents are L. infantum and L. 
donovani.

VL, one of the notifiable communicable diseases, poses a 
serious threat to public health worldwide. According to the 
report published by the World Health Organization in 2019, 
it is known that more than 20,000 deaths and 300,000 new 
cases occur worldwide every year. It is known that most 
of the cases are in developing countries. Weak immunity, 
problems in the diagnosis of the disease, climate changes, 
wars, migrations, and most importantly, drug resistance 
of the active substances are the factors that increase the 
incidence of the disease [2]. It is known that if the disease is 
not treated, it has a mortality rate of up to 100% in a short 
period of two years in developing countries.

Although limited therapeutic agents, including 
paromomycin, amphotericin B, fluconazole, pentamidine, 
and antimony-containing compounds are used as drug 
therapy in VL [3], the options in vaccine form are limited 
due to the need for long-term regimens, drug-related side 
effects, and limited efficacy research is important [4,5]. It 
is known that there is no effective and safe antileishmanial 
vaccine developed against human VL to date [6]. Although 
many vaccines against Leishmaniasis have been formulated 
in the last few decades, none of the strategies developed have 
provided complete protection. Vaccines to be developed for 
leishmaniasis, as in other infections, are required to provide 
reliable, stable, long-term protection, and to be easy to 
manufacture as well as low cost [2]. Therefore, there is 
sufficient scientific and epidemiological rationale for studies 
to develop antileishmanial vaccines.

In addition to the appropriate vaccine candidate 
selection, the selection of the right adjuvant or carrier is also 
important in developing an effective vaccine. It is seen in the 
literature that adjuvants such as Freund’s, Monophosphoryl 
lipid A, alum, saponin and BCG have been investigated against 
VL [7,8]. Freund’s adjuvant, which is a water/oil emulsion, 
has two forms as complete and incomplete. Complete 
Freund’s adjuvant (CFA) contains heat-killed Mycobacterium, 
while incomplete Freund’s adjuvant (IFA) does not contains 
Mycobacteria. The most important advantages of emulsion-
based adjuvants are their association with antigen and easy 
distribution in lymph nodes. Thus, they help interact with 
immune system cells. It also induces stimulation of antibody 
production due to non-specific immunopotentiation of 
macrophages [9]. It is known that Freund’s adjuvants are 
currently used in many vaccine formulations [10]. When the 

literature is examined, it is known that different antigens are 
formulated with Freund’s adjuvants and vaccine candidate 
researches for leishmaniasis are carried out [11,12].

It is believed that in the fight against leishmaniasis, 
vaccines can be a much more economical and safer option 
than treatment methods that usually use chemotherapeutic 
drugs. For this purpose, in our study, as a vaccine candidate 
against VL, the immunostimulatory activities of soluble 
Leishmania antigens prepared by us were combined with 
different adjuvants and evaluated under in vitro conditions. 
Freund’s species (CFA, IFA) were used as adjuvant in the 
study, and the efficacy of vaccine formulations was evaluated 
in J774 macrophage and L929 fibroblast cells.

Materials and Methods

RPMI-1640, Fetal bovine serum (FBS), Dimethylsulfoxide 
(DMSO), Trypsin-EDTA, Dulbecco’s Modified Eagle Medium 
(DMEM), gentamicin, Hoffmann’s filter paper, 0.45 and 0.22 
µm filters used to perform Leishmania and cell cultures 
were purchased from Sigma-Aldrich. Media were prepared 
with milli-Q water. leishmania parasites and morphological 
changes in cells were monitored using an inverted microscope 
Olympus CKX 41.

Cell Culture

Mouse fibroblast cell line -L929 and mouse macrophage 
cell line -J774 in our laboratory cryobank were used to 
detect immunostimulant activity. Cells were cultured in 
75cm2 (Polystyrene surface, NEST) flasks using appropriate 
media. Stock media were prepared by adding 1% penicillin-
streptomycin and 1% L-glutamine. For the growth and 
proliferation of cells, the culture of L929 fibroblast cell line was 
carried out in DMEM medium containing 10% FBS, and the 
culture of J774 macrophage cell line was carried out in RPMI-
1640 medium containing 10% FBS. The passage numbers of 
the cell lines used in the study were kept between 10 and 15.

During the experimental period, cells were incubated 
at 37°C, 95% humidity and 5% CO2 incubation conditions 
required for culture. Cell growth was monitored daily with 
an inverted microscope. After the cells reached 80-90% 
confluency, L929 cells were collected enzymatically and 
J774 macrophage cell line was collected by physical means 
and centrifuged at 25°C, 1000 rpm for 5 minutes. After 
centrifugation, the supernatant was discarded. On the other 
hand, 1 ml of medium was added on the J774 macrophage 
cells and L929 fibroblast cells remaining in the pellet part 
and cell count was performed on the thoma slide. In 96-well 
cell culture plates, cells were seeded at 1x105 cells/mL per 
well and incubated for 24 hours.
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Soluble Leishmania Antigen Preparation

The VL agent L. infantum (EP 126), which was present 
in the laboratory cryobank, was incubated in RPMI 1640 
medium in a 27°C cooled oven. 7 ml of medium was added to 
25 cm2 flasks and parasites were inoculated from the culture 
at a rate of 3x105 parasites/ml. The growth of promastigotes 
was monitored daily using an inverted microscope. When the 
number of 107 parasites/ml reached in the 25 cm2 flask, the 
L. infantum promostigos were transferred to the 75 cm2 flask 
and incubated for 48 hours by adding 30 ml of RPMI 1640 
medium with 5% FBS. After incubation, it was centrifuged at 
4000 rpm at + 4°C for 25 minutes, and the supernatant was 
discarded, and the pellet was washed with 1 ml of PBS. The 
supernatant was removed by centrifugation again at +4°C at 
4000 rpm for 15 minutes. The resulting pellet was brought to 
-20°C for later use.

Freeze-thaw method was used for the preparation 
of soluble Leishmania antigens (SLA). In the freeze-thaw 
method, parasites removed from -20°C were dissolved in a 
water bath at 37°C by adding 1 ml of PBS in a 15 ml falcon. The 
thawed cells were then placed in a liquid nitrogen container 
to be covered with liquid nitrogen, and the parasites were 
allowed to freeze for 15 minutes. Frozen parasites were 
kept in a 37°C water bath for 15 minutes and thawed. The 
parasites suspended in PBS in 15mL falcons were frozen 
with liquid nitrogen and thawed in a water bath 5 times, then 
centrifuged at 10,000 rpm for 3 minutes and the supernatant 
was taken. The determination of the protein amount in the 
lysate was carried out using the Warburg-Christian method 
in UV spectrometry at 280 and 260 nm wavelengths.

Cytotoxicity Analysis

 To determine the percentage of cell viability, 
cells containing 3-(4,5-dimethylthiazol-2-yl)-2,5-
Diphenyltatrazilium bromide were placed on cells incubated 
for 2 days under certain conditions (37°C temperature, 
95% humidity and 5% CO2). MTT cell viability analysis 
was performed. 10 µl of MTT solution was added to the 
microplates and incubated at 37°C for 3 hours in a dark 
environment. At the end of the 3rd hour, liquids containing 
MTT solution were aspirated. After adding 100 µl of DMSO to 
each well, the microplates were incubated for half an hour in 
a dark environment. To detect cell viability, the microplates 
were placed in the ELISA Reader and the optical density 
was analyzed at 570 nm wavelength. The percentage of cell 
viability was determined using equation 1 [13].

Cell viability ( )0 *  
  

1000
sampleabsorbancevalue
control absorbancevalue

=  (1)

Nitric Oxide (NO) Analysis

The amount of NO produced by the L929 fibroblast 
and J774 macrophage cell lines was determined by the 
Griess method. In this way, different concentrations of 
immunostimulatory activity of SLA antigens, alone or in 
combination with different adjuvants, were detected. After 
incubating the J774 and L929 cells in a 37⁰C oven containing 
5% CO2 for 1 day, antigen and adjuvant combinations (CFA 
and IFA) prepared at six different concentrations (25-200 
µg/ml) were added by adjusting with the medium.

Supernatants obtained after 2 days of incubation were 
reacted with Griess reagent. To prepare Griess reagent, 0.1 g 
of N-(1-Naphthyl) Ethylenediamine, 2.5 ml of phosphoric acid 
and 1 g of Sulfanilamide were added into 100 ml of distilled 
water. 50 µl of the culture medium to be analyzed was added 
to the microplates for NO measurement. Then, 50 µl of Griess 
reagent was added and incubated at room temperature for 
10 minutes. Absorbance values were determined using an 
ELISA Reader at a wavelength of 540 nm. All studies were 
performed in 3 replicates.

Statistical Analysis

The experiments were repeated three times and the 
results were averaged. Fisher Behran’s d-test was used for 
statistical analysis of the data.

Results

SLA was prepared from L. infantum parasites by freeze-
thaw methods. The immunostimulatory efficacy of vaccine 
formulations developed with SLAs alone or in combination 
with different adjuvants was determined in vitro in J774 
macrophage and L929 fibroblast cell lines, and their 
cytotoxicity was determined.

The percentage of viability of the positive control 
group was accepted as 100%, and the percentage of 
viability of other cells was calculated with a simple ratio-
proportionality. At the end of the 2 days, cell viability was 
calculated for all groups. In the first stage of the study, the 
immunostimulatory activity of both 10ug/ml and 40ug/ml 
CFA and their combinations with IFA, SLA was investigated 
in the L929 fibroblast cell culture system.

Immunostimulatory activity and cytotoxicity of SLA and 
10 µg/ml adjuvants obtained by freeze-thaw method from L. 
infantum parasites in L929 fibroblast cell culture are shown 
in Figure 1 and Figure 2, respectively. In the study, it was 
seen that the immunostimulatory activity increased with 
increasing concentration and the highest value was obtained 
at 200 µg/ml concentrations. The highest immunostimulatory 
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activity obtained from SLA treatment with fibroblasts at a 
concentration of 200 µg/ml appears to be 5,853 nmol/ml. In 
the cytotoxicity analysis, 84.42% viability was determined.

The maximum efficacy value of the combination of 
the lysate with CFA in combination with fibroblasts at 
the maximum concentration was 6.202 nmol/ml, and the 
viability rate of 83.45% in the cytotoxicity experiments 
was determined. In addition, it was determined that the 
maximum activity in fibroblast cells in combination with 
IFA was 6,163 nmol/ml and the viability rate was 86.43% in 
cytotoxicity analyses.

Figure 1: NO responses to combinations of SLA and SLA 
with CFA and IFA in fibroblast cells.

Figure 2: MTT analysis results to combinations of SLA and 
SLA with CFA and IFA in fibroblast cells.

The immunostimulant and cytotoxic activity of SLA and 
40 µg/ml Freund’s adjuvants in L929 fibroblast cell culture 
are shown in Figure 3 and Figure 4. It was determined that 
the highest efficiency obtained in fibroblast cells due to the 
combination of lysate with 40 ug/ml CFA at the maximum 
concentration was 6,705 nmol/ml and the viability rate was 
80.47%. In combination with IFA, the maximum efficiency 
was found to be 6.589 nmol/ml, and 89.41% viability 
according to MTT analysis results.

In the second phase of the study, we determined the 
immunostimulatory activity of both 10 ug/ml and 40 ug/ml 
CFA and IFA in combination with SLA in J774 macrophage 
cell culture. In Figure 5 and Figure 6, immunostimulant 
and cytotoxic values of vaccine formulations obtained from 
the combination of 10 µg/ml Freund’s adjuvants with SLA 
are given. It was determined that the immunostimulatory 
activity at the maximum concentration was 6.24 nmol/
ml. Depending on the MTT analysis results at the same 
concentration, the viability rate is 84.25%.

Figure 3: NO responses to combinations of SLA and SLA 
with CFA and IFA in fibroblast cells.

Figure 4: MTT analysis results to combinations of SLA and 
SLA with CFA and IFA in fibroblast cells.

Figure 5: NO responses to combinations of SLA and SLA 
with CFA and IFA in macrophage cells.
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Figure 6: MTT analysis results to combinations of SLA and 
SLA with CFA and IFA in macrophage cells.

It is seen that the formulations of SLAs with 10 ug/ml CFA 
provided 6.899 nmol/ml activity in J774 cells, and 78.83% 
viability was detected. In addition, it was determined that 
the efficacy value was 6,744 nmol/ml and the viability rate 
was 84,06% in their combination with IFA.

In the study, the results of immunostimulatory activity 
of combinations of 40 ug/ml CFA and IFA antigens in the 
J774 macrophage cell culture system are given in Figure 
7 and Figure 8. The formulation of the lysate with 40 µg/
ml CFA at a concentration of 200 µg/ml achieved the 
maximum efficiency of 7.248 nmol/ml in J774 cells. In 
MTT analysis, 77.32% viability was detected. The highest 
efficacy value obtained from the treatment of SLAs with IFA 
in combination with macrophages was 7,093 nmol/ml. In 
the cytotoxicity analysis, the viability rate was found to be 
77.07%.

Figure 7: NO responses to combinations of SLA and SLA 
with CFA and IFA in macrophage cells.

Figure 8: MTT analysis results to combinations of SLA and 
SLA with CFA and IFA in macrophage cells.

Conclusion

It is known that VL is a tropical disease that puts an 
average of 350 million people at risk [14]. Although drug 
formulations have been developed for the treatment of 
this neglected disease, it is likely that the disease will be 
eradicated by vaccination. Prophylactic vaccination seems to 
be one of the most effective strategies in the control of VL.

In order to develop an effective vaccine, it has been 
shown in animal model studies of leishmaniasis that the 
selection of an appropriate adjuvant, which can elicit a long-
lasting immune response against VL, is also necessary [9]. 
In general, the addition of the appropriate adjuvant will 
increase the immunogenicity of the vaccine candidate by 
inducing a cell-mediated immune response against disease. 
Adjuvants are important as they can stimulate and direct 
adaptive and innate and immune responses. Although 
there are many studies on the development and research of 
many vaccines against VL, data on the use of freeze-thawed 
parasite antigens as vaccine candidates against VL are very 
limited. There are some studies in the literature using freeze-
thawed parasites as vaccine candidates against VL [15-17]. 
When compared with the literature, the results obtained 
were found to be satisfactory.

In this study, which can be seen as a preliminary study, 
the anti-leishmanial activity and cell cytotoxicity of the 
vaccine formulations developed in both mouse macrophage 
cells, and mouse fibroblast cells were evaluated under in vitro 
conditions. In the in vitro studies, both nitroxide assays and 
MTT cell viability analyses were performed. The results of 
the present study demonstrate the antileishmanial potential 
of soluble leishmania antigens combined with CFA and IFA 
adjuvants against VL. In the next stages, it is planned to evaluate 
the results under in vivo conditions with animal experiments.
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