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Objective: Leishmaniasis is an important parasitic disease in many countries, including ours. A variety of drugs are currently 
used for its treatment. However, certain side effects of these drugs, such as teratogenicity, hepatotoxicity and nephrotoxicity, 
have been reported in some patients. The goal of this research is to determine the antileishmanial effects of eight different 
previously synthesised compounds containing Schiff and Mannich bases (morpholine) against Leishmania infantum (L. infantum) 
promastigotes by the liquid microdilution method utilising alamarBlue.
Methods: Compounds containing Schiff bases (a-d) and both Schiff bases and morpholine rings (e-h) were tested. Compounds 
were diluted in the range of 20000-39 µg/mL. L. infantum promastigotes were added to the wells, which were then incubated at 27 
°C. The proliferation of Leishmania promastigotes was evaluated after 24, 48 and 72 hours.
Results: In this study, compounds b, c and d (MIC values 156 µg/mL, 78 µg/mL and 156 µg/mL) were found to be effective against 
L. infantum promastigotes, whereas compound f (MIC >20000 µg/mL) was found to be more  the most ineffective compound.
Conclusion: These compounds may be potential drug candidates for the treatment of leishmaniasis. According to the results, 
there is a need for further studies, such as in vivo experimental animal models and ex vivo Leishmania amastigote macrophage 
cultures for compounds showing antileishmanial effects.
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Amaç: Leishmaniasis, ülkemizin de dahil olmak üzere birçok ülkede önemli bir parazitik hastalıktır. Hastalığın tedavisinde 
birbirinden farklı çok sayıda ilaç kullanılmaktadır. Ancak, bazı hastalarda  bu ilaçlara  bağlı ortaya çıkan teratojenite, hepatotoksisite 
ve nefrotoksisite gibi birtakım yan etkiler bildirilmiştir. Bu araştırmanın amacı, alamar mavisi içeren sıvı mikrodilüsyon yöntemi 
ile Leishmania infantum (L. infantum) promastigotlarına karşı önceden sentezlenmiş [Schiff ve Mannich (morpholine) baz içeren] 
sekiz farklı bileşiğin antileishmanial aktivitesinin belirlenmesidir. 
Yöntemler: Çalışma kapsamında Schiff bazı içeren bileşikler (a-d) ile hem Schiff hem de morfolin halkası içeren bileşikler (e-
h) test edilmiştir. Sentezlenen bileşikler 20000-39 µg/mL konsantrasyon aralığında olacak şekilde hazırlanmıştır. L. infantum 
promastigotları kuyucuklara ilave edilerek 27 °C’de inkübe edilmiştir. L. infantum promastigotlarının üremesi 24., 48. ve 72. 
saatlerde değerlendirilmiştir. 
Bulgular: Bu çalışmada; b, c ve d bileşiklerinin (MİK değeri 156 µg/mL, 78 µg/mL ve 156 µg/mL) L. infantum promastigotlarına 
karşı daha etkili olduğu ve bileşik f ’nin ise (MİK >20000 µg/mL) en etkisiz bileşik olduğu bulunmuştur.
Sonuç: Bu bileşikler leishmaniasisin tedavisindepotansiyel ilaç adayları olabilir. Bu çalışmanın sonuçları göstermektedir ki, in vitro 
antileishmanial etki gösteren bu bileşiklerin in vivo deneysel hayvan modelleri ve ex vivo Leishmania amastigot makrofaj kültürleri 
gibi daha ileri modellerle çalışılmasına ihtiyaç bulunmaktadır.
Anahtar Kelimeler: Antileishmanial aktivite, leishmaniasis, schiff baz, mannich (morpholine) baz
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INTRODUCTION
Leishmaniasis is considered as one of the important infectious 
parasitic diseases worldwide (1-3). This disease is common in 
many regions, including India, countries with a coast to the 
Mediterranean, Middle Eastern countries, and South American 
countries. This tropical disease, which is generally seen in 
developing countries and is ignored, emerges as a public health 
problem that results in an average of 2-4 million new cases and 
approximately 70 000 deaths each year (4-7). Transmitted by the 
bite of certain sandflies, the parasite has different clinical pictures 
and shows epidemiological diversity (1,8). 
Sodium stibogluconate (Pentostam®) and meglumine antimoniate 
(Glucantime®) are generally used in the treatment of the disease; 
however, it is reported that the resistance against them is 
increasing (9-12). As an alternative to this treatment, different 
treatment protocols such as amphotericin B and lipid forms, 
paromomycin, pentamidine and miltefosine have been used 
(1,13).
However, the effects of these drugs used in chemotherapy of 
leishmaniasis are very limited. Also, most of these drugs have 
serious side effects, especially nephrotoxic, hepatotoxic and 
teratogenic effects (5,10,14). Unfortunately, there is not yet an 
effective vaccine to prevent the spread of the disease. Due to the 
side effects of the medications in the treatment and the resistance 
of the parasite to them, research aimed at developing new 
therapeutic tools to combat leishmaniasis continues to be a very 
important target today (11,14,15). Different methods, especially 
microdilution methods, are used to determine antileishmanial 
activity. In these test applications, different colorimetric methods 
can be used to monitor the viability of the promastigote forms of 
the parasite and to determine if it continues to reproduce. It has 
been reported that alamar blue, which is used as an indicator dye 
in drug screening tests, has many advantages such as not affecting 
the reproduction of the parasite, environmentally friendly, cheap 
and simple to apply (1,16). 
It is stated that Schiff bases have many biological activities 
such as antiviral, antibacterial, antifungal, antimalarial, anti-
inflammatory, antiproliferative and antipyretic (17-20).
In this study, previously synthesized (17) eight new Schiff 
bases compounds (bearing thiophene, 1,2,4-triazolone, 
1,3,4-oxadiazole, morpholine moieties) were tested for 
antileishmanial activity for Leishmania infantum (L. infantum). 

METHODS

Preparation of Test Compounds
The compounds (a-h) that have been investigated for in vitro 
antileishmanial activity have been previously synthesized by 
Ünver et al (17). The reaction Scheme is shown below.

Synthesis of Compounds (a-d) 
0.01 mol [4-amino-2-(4-amino-5-mercapto-4H-1,2,4-triazol-
3-yl)methyl)-5-(thiophen-2-ylmethyl]-2,4-dihydro-3H-1,2,4-
triazol-3-one (1) and 0.02 mol aromatic aldehydes were heated 
in solvent-free oil bath at 160-170 ºC for 2-3 hours. After the 
temperature was reduced to room temperature, the resulting solid 
was recrystallized with a mixture of dimethyformamide (DMF) 
and water (1:5).

Synthesis of Compounds (e-h)
A mixture of formaldehyde (0.02 mol) and morpholine (0.02 
mol) in DMF was added to solution of compounds (a-d) (0.001 
mol) in DMF. The final mixture was stirred at room temperature 
overnight. The precipitated solids were filtered, washed with 
water and recrystallized with methanol.

Preparation of Compounds
The eight synthesized new 1,2,4-triazole compounds containing 
Schiff and Mannich bases (morpholine) were weighed and 
dissolved in dimethylsulphoxyde/H2O (10%). They made 
homogeneous and membranes with 0.45 µm pore diameter were 
filtered to sterilize (Millipore, USA) (18). Stock solutions of the 
compounds were prepared by adding Roswell Park Memorial 
Institute (RPMI)-1640 medium (R8758 Sigma Aldrich USA) 
[containing heat inactivated 10% Fetal Bovine Serum (FBS: 
F4135 Sigma-Aldrich USA)], no phenol red) to a concentration of 
40000 µg/mL.

Preparation of Leishmania infantum Promastigotes
For the antileishmanial activity test, the axenic standard MON-
183 L. infantum promastigotes were produced in RPMI-1640 
medium (containing 10% FBS, 1% Penicillin (P3032 Sigma-
Aldrich USA) and Streptomycin (S9137 Sigma-Aldrich USA). 
Then, to wash promastigotes, 20 mL of promastigote was taken 
and transferred to sterile falcon tubes and centrifuged at 1.000 g 
for 10 minutes. After the supernatant was removed, 20 mL sterile 
phosphate buffered saline was added to the tubes and vortexed. 
This mixture was centrifuged in the same way and the washing 
process was completed by repeating the process three times. 
Finally, as previously described, the cell number was adjusted by 
adding RPMI-1640 medium using a hemocytometer under the 
microscope so that the promastigote concentration was 2.5x105 
cells/mL (1,21). 

In vitro Antileishmanial Activity Test
The new compounds, well characterized by elemental analyses, 
13C nuclear magnetic resonance (NMR), 1H NMR and infarared 
were tested for their antileishmanial activitiy against L. infantum 

Scheme. Synthetic pathway for the preparation of 
compounds (a-h)
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promastigotes by liquid microdilution method with added alamar 
blue.
The assay was performed in 96-well flat bottom sterile 
microplates. Initially, 100 µL from RPMI-1640 medium was 
added to all wells. Following, 100 µL from stock solution of Schiff 
base compounds was added to the first well, and after thoroughly 
pipetting 100 µL was taken and transferred into the second well. 
Thus, the compounds were diluted to 1/2. Following the pipetting 
process, dilution from the second well to the tenth well was made 
to be between 20000 µg/mL and 39 µg/mL. Finally 100 µL of 
the standard L. infantum promastigotes suspension was added 
over the diluted compounds in the wells. In the study, 100 µL of 
compound stock solution was added to well 11 for negative control 
and 100 µL of standard parasite suspension to well 12 for positive 
control (1). This procedure was likewise performed for other 
Schiff base (b-d) compounds and schiff base and morpholine (e-h) 
compounds. The microplates were allowed to incubate for about 
20 hours at 27 °C. After incubation, 20 µL of indicator alamar 
blue (R7017: Resazurin sodium salt/Sigma-Aldrich USA) (0.1 mg/
mL) was added to all wells and incubated again for approximately 
4 hours. Evaluation were made after 24, 48 and 72 hours and 
the observed results were recorded (18) Amphotericin B was 
preferred as a control drug in this study. All tests on microplates 
were repeated twice. 
Ethics committee approval has not been obtained due to working 
in standard Leishmania infantum isolate. No patient was used in 
the study. Patient approval has not been obtained due to the study 
of with synthesized compounds and standard parasite isolate.

Statistical Analysis
No statistical analysis has been made in this study.

RESULTS
The antileishmanial activity of schiff base compounds (a-d) 
and schiff base and mannich base compounds (e-h) were tested 
by using alamar blue added liquid microdilution method. If the 
original color of the indicator dye alamar blue changed from 
blue to pink, it showed that promastigotes continued to grow 
in the wells, but if there was no color change in the indicator 
dye, promastigote growth stopped (Figure 1). Color change was 
observed in all positive control wells, while no color change was 
observed in negative control wells. Table 1 provides the minimal 
inhibitory concentration (MIC) values of the compounds and 
amphotericin B.
Based on the results found, the substance with the highest activity 
was schiff base compound c, (MIC: 78 µg/mL) then, compounds b 
and d (MIC: 156 µg/mL), compounds a and h (MIC: 625 µg/mL), 
compound e (MIC: 1250 µg/mL) and compound g (MIC: 2500 µg/
mL) (Table 1). Compound f was not found to have antileishmanial 
activity at all concentrations studied. The results found were much 
higher than the MIC value (MIC: <39 µg mL) of the control drug 
Amphotericin B. However, considering the side effects of current 
drugs used in the treatment, these compounds, which are found 
to have antileishmanial effects, can be considered as compounds 
that can contribute to drug development studies. In order for 
effective compounds to be drug candidates, it is necessary to 
determine the ex vivo effects of the compounds against the 
amastigote forms of Leishmania in macrophage cultures and to 
carry out control studies in in vivo experimental animals.

DISCUSSION
Among five common parasitic diseases worldwide, leishmaniasis 
is recognized as a major public health problem and affects 
approximately 12 million people (14). In the treatment of 
leishmaniasis, besides different antileishmanial drugs such as 
pentavalent antimony compounds, amphotericin B deoxycholate, 
miltefosine, paromomycin, citamaquin, azoles and pentamidine, 
applications such as thermotherapy and cryotherapy are also 
used (22). While the effectiveness of the five-valued antimony 
compounds used in its treatment has been reported to be over 
90%, it has also been reported that it may rarely cause local and 
systemic side effects such as myalgia, arthralgia, abdominal pain, 
hepatitis, pancreatitis and elevation in various laboratory values 
(23). Due to the development of resistance, as well as giving up 
the use of these compounds in treatment in India but it is still 
being used in the rest of the world (24).

Figure 1. In vitro antileishmanial activities of substances 
against standard L. infantum promastigotes; line 1-4) schiff 
base derivatives (a-d), line 5-8) schiff base and mannich base 
derivatives (e-h), line 9) Amphotericin B. Dilution rates of 
substances were from 20000 µg/mL to 39 µg/mL
N.C.: Negative control, P.C.: Positive control

Table 1. Minimal inhibitory concentrations of the compounds 
studied against standard L. infantum promastigotes

Compounds MIC value µg/mL

1 Compound a 625

2 Compound b 156

3 Compound c 78

4 Compound d 156

5 Compound e 1250

6 Compound f >20000

7 Compound g 2500

8 Compound h 625

9 Amphotericin B <39

MIC: Minimal inhibitory concentrations
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In our study, it was targeted to be detected the antileishmanial 
activity of eight different compounds in the structure of 
1,2,4-triazole containing synthesized Schiff and Mannich 
(morpholine) base by using alamar blue microdilution method in 
axenic culture using L. infantum promastigotes. 
Many compounds studied with the Alamar blue microdilution 
method were found to have in vitro antileishmanial activity and 
it was concluded that especially compounds b, c and d could be 
evaluated in terms of drug development studies due to their 
antiparasitic effect. The highest antileishmanial activity, were 
observed in compound c against L. infantum (MON-183) with 
a MIC value of 78 µg/mL. In the antileishmanial activity study, 
all compounds except compound f were found to be effective at 
different levels.
When resistance to antimony compounds develops, amphotericin 
B is used intravenously or intramuscularly in the treatment 
of leishmaniasis (25). Since amphotericin B is widely spread 
throughout the body, it has side effects such as infusion reactions, 
nephrotoxicity, hypokalemia and myocarditis, and the patient is 
followed up for 4-5 weeks in hospital. To prevent the toxic effects 
of Amphotericin B used in treatment, various lipid formulations 
(liposomal amphotericin B) have been developed that can remain 
in these organs for a long time by rapidly increasing concentrations 
in the macrophages of organs such as the spleen and liver (22). 
The use of a drug that has few side effects and is effective in the 
treatment process is also important for the quality of life of the 
patient. There are studies on the identification and formulations 
of new molecules due to the toxic effects of anti-leishmanial drugs 
used in the treatment and the increased resistance to these drugs 
(5). 
Mikus and Steverding (16) stated in a study that alamar blue was 
a useful colorimetric indicator in determining antileishmanial 
activity. In our study, alamar blue was used as indicator dye 
and likewise the alamar blue microdilution method has been 
found to be a simple, reliable and highly reproducible method in 
investigating anti-leishmanial drug activity.
Martin-Montes et al. (15) stated that, compared to the 
reference drug Glucantime, six out of twenty Mannich base 
derivatives showed 39 to 2.337 times higher selectivity 
index against amastigote forms. In the study evaluating the 
antileishmanial activities of new lawone Mannich bases derived 
from salicylaldehydes or nitrofurfura against L. major; They 
emphasized that four of the 15 compounds (5a, 5c, 6a and 6c) 
were five times more active against promastigotes and four times 
more active against amastigotes (26).
Teran et al. (27) were evaluated 12 different Schiff bases against 
to L. mexicana promastigotes by 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide assay. Some compounds were 
inactive or too weak, but they reported two compounds (5 and 3f) 
showed leishmanicidal activity in different level. New Schiff bases 
as resveratrol analogues compounds by Coimbra et al. (28) have 
been evaluated ex vivo against Leishmania species. They stated 
that all compounds tested against promastigotes of different 
leishmania species were effective at different concentrations 
(IC50 value in the range of 1.60 to 15.53 µg mL-1).

CONCLUSION
In order to use synthesized compounds as drug candidates; 
efficacy against amastigote forms of Leishmania in in vitro 

macrophage, which is thought to be necessary, and in vivo control 
studies in experimental animal are needs to be done. Since the 
compounds were newly synthesized, no study evaluating their 
antileishmanial activity was found. The compounds in our study 
can be regarded as a preliminary study in new drug development 
studies especially against L. infantum parasites and we can say 
that these compounds are promising.
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