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Synthesis and biological evaluation of pyrazolines as prototypes with antiparasitic potential for the treatment of leishmaniasis
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Highlights
Pyrazoline derivatives were synthesized and biologically evaluated, revealing species-specific antiparasitic activity, with PHMM identified as the most potent compound against Leishmania.
Abstract
Neglected Tropical Diseases primarily affect populations living in vulnerable conditions and still have limited therapeutic options¹. In this context, heterocyclic compounds stand out for their broad structural versatility and bioactive potential². Previous studies from the Pharmaceutical Chemistry group demonstrated the antiparasitic activity of aminopyrimidines, particularly those containing methyl and dimethylamino substituents. Based on these findings and the drugs currently used against leishmaniasis, pyrazoline derivatives with analogous substituents were designed. Thus, the objective was to expand structural diversity and evaluate the potential of pyrazolines as antiparasitic candidates. In the methodology, the pyrazoline compounds PHMH, PHMM, and PHMdmA were obtained using previously synthesized chalcones. For the synthesis of PHMH, 1-(4-methylphenyl)-3-phenyl-2-propen-1-one (0.99 mmol), phenylhydrazine (1.29 mmol), and potassium carbonate (0.99 mmol) were used in ethanol (3 mL), with a reaction time of 100 min under magnetic stirring. For PHMM, 1,3-bis(4-methylphenyl)-2-propen-1-one (3.17 mmol), phenylhydrazine (4.12 mmol), and potassium carbonate (3.17 mmol) were used in ethanol (9.5 mL) for 180 min under magnetic stirring. For PHMdmA, 3-[4-(dimethylamino)phenyl]-1-(4-methylphenyl)prop-2-en-1-one (3.77 mmol), phenylhydrazine (4.90 mmol), and potassium carbonate (3.77 mmol) were used in ethanol (9.5 mL), with a reaction time of 180 min³. The obtained products were isolated, purified, and characterized by ¹H NMR, ¹³C NMR, IR, mass spectrometry, and melting point determination, confirming the formation of the desired compounds. Antiparasitic activity was evaluated against Leishmania spp., Giardia lamblia, and Trypanosoma cruzi. The assays employed colorimetric (XTT) and fluorometric (Resazurin) methods, along with cytotoxicity testing in RAW macrophages. The obtained molecules were identified as pyrazolines: (3,5-bis(4-methylphenyl)-1-phenyl-4,5-dihydro-1H-pyrazoline) (PHMH) with a yield of 50%; (3,5-bis(4-methylphenyl)-1-phenyl-4,5-dihydro-1H-pyrazoline) (PHMM) with a yield of 60%; and 5-[4-(dimethylamino)phenyl]-3-(4-methylphenyl)-1-phenyl-4,5-dihydro-1H-pyrazoline (PHMdmA) with a yield of 55%. Biological assays revealed that the pyrazoline derivatives exhibited distinct profiles against protozoa. PHMM showed high potency against L. amazonensis (IC₅₀ = 5 ± 2 µg/mL) and L. braziliensis M2904 (IC₅₀ = 4 ± 2 µg/mL), although with intermediate toxicity in RAW cells (IC₅₀ = 83.4 ± 20.4 µg/mL). PHMH exhibited species-specific activity, showing low efficacy against L. amazonensis (IC₅₀ = 72.1 ± 28 µg/mL) but good performance against L. braziliensis (IC₅₀ = 10.3 ± 2.2 µg/mL), with low cellular toxicity (IC₅₀ > 100 µg/mL). PHMdmA presented moderate activity against L. amazonensis (IC₅₀ = 67.5 ± 18.2 µg/mL) but was inactive against L. braziliensis (IC₅₀ > 100 µg/mL), also displaying low toxicity in RAW cells (IC₅₀ > 100 µg/mL). No compound exhibited significant efficacy against Giardia lamblia or T. cruzi, restricting their potential to the Leishmania genus. Among the evaluated pyrazolines, PHMM exhibited the greatest potency and selectivity against Leishmania, while PHMH and PHMdmA showed species-specific and moderate activities, indicating that structural modifications may further optimize their antiparasitic potential. 
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