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Abstract 

Cutaneous leishmaniasis and Chagas disease are vector-borne parasitic disease causing serious risks to 

million people living in poverty-stricken areas. Both diseases are a major health problem in Latin 

America, and currently drugs for the effective treatment of these diseases have important concerns 

related with efficacy or toxicity than need to be addressed.  

We report herein the synthesis and biological activities (cytotoxicity, leishmanicidal and trypanocidal 

activities) of ten quinolone-hydrazone hybrids. The structure of the products was elucidated by 

spectrometric analyses.  The synthesized compounds were evaluated against amastigotes forms of  L. 

(V)  panamensis which is the most prevalent Leishmania species in Colombia and Trypanosoma cruzi 

that is the major pathogenic species to humans; in turn, cytotoxicity was  evaluated against human U-

937 macrophages.  

 

Compounds 6b, 6c and 8 showed activity against L. (V) panamensis with EC50 of 6.5 ± 0.8 µg/mL 

(21.2µM), 0.8 ± 0.0 µg/mL (2.6 µM)  and 3.4 ± 0.6 µg/mL (11.1 µM), respectively, while compounds 

6a and 6c had activity against T. cruzi. with EC50 values of  1.4 ± 0.3 µg/mL (4.8 µM) and 6.6 ± 0.3 

µg/mL (4.6 µM), respectively. Even compound 6a showed better activity against T. cruzi than the 

standard drug benznidazole with EC50 = 10.5 ± 1.8 µg/mL (40.3 µM). 

 

Analysis of the results obtained against leishmaniasis indicates that antiparasite activity is related to the 

presence of 2-substituted quinoline (isoquinolinic core) and the hydroxyl group in positions 3 and 4 of 

the aromatic ring.  Although the majority of these compounds were highly cytotoxic, the antiparasite 

activity was higher than cytotoxicity and therefore, they still have potential to be considered as hit 

molecules for leishmanicidal and trypanocidal drug development. 

 

 

Keywords: leishmaniasis; Chagas disease; antiprotozoal activity; cytotoxicity; quinoline; hydrazone; 

hybrids 
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1. Introduction 

Cutaneous leishmaniasis and Chagas disease are causes of high morbidity in several countries of 

tropical and subtropical regions where these diseases remain a significant health problem affecting 

mainly people living in poverty-stricken areas. Both are considered by WHO as two of the 17 neglected 

diseases due to lack of interest by the pharmaceutical industry to develop new or better drugs [1]. 

Cutaneous leishmaniasis involves a wide spectrum of clinical manifestations, ranging from small 

nodules, plaques or ulcers in the skin to severe mucosal tissue destruction affecting 1.2 – 1.5 million 

people around world every year. In the American region the disease can be caused by various species of 

Leishmania that include: L. panamensis, L. braziliensis, and L. guayanensis (members of the Viannia 

subgenus) and L. mexicana and L. amazonensis (members of the Leishmania subgenus). L. (V) 

panamensis is one of the most prevalent Leishmania species involved in human cases of cutaneous 

leishmaniasis in Colombia. This protozoan parasite is transmitted to humans through the bite of 

phlebotominae sandflies of the Lutzomyia genus [2]. On the other hand, Chagas disease (also named 

American trypanosomiasis) affects around 10 million people in Latin America. The disease is produced 

by the protozoan parasite Trypanosoma cruzi that is transmitted to the mammalian host through the bite 

of triatomine bugs belonging to Triatoma, Rhodnius and Panstrongylus genus [3].   

The current chemotherapies are based on old drugs, pentavalent antimonials (meglumine antimoniate 

and sodium stibogluconate) for cutaneous leishmaniasis or nitroaromatic compounds (benznidazole and 

nifurtimox) for Chagas disease. However, all of them have various toxic effects on the patients that are 

associated with high doses and long therapeutic schemes. Moreover, they are no longer as effective as 

before due to the emergence of drug resistance in the parasite making the problem more complex [4-6].  

A quinolinic core is a structural feature of several bioactive compounds. Thus, this core is an interesting 

constituent for new drugs design. Anti-mycobacterial, anti-microbial, anti-convulsant, anti-inflamatory, 

anti-tumoral, cardiovascular but also leishmanicidal and trypanocidal, are some biological activities 

exhibited by compounds having this heteroaromatic ring [7-15]. On the other hand, hydrazones 

constitute an important type of biologically active compounds which have high ability to elicit an 

leishmanicidal and trypanocidal activity [16-18]; thus for example, the 4-benzyloxy N´,N´-

diethylbenzohydrazone (figure 1a) is one of the synthetic benzyloxy protected hydrazone series with an 

Inhibitory Concentration (IC50) of 6.25 µg/mL (21µM) against (L) major promastigotes [19]. In turn, 

the nitro derivative 1b (figure 1) exhibited an IC50 value lower than standard drugs pentamidine and 

amphotericin B when tested on (L) donovani promastigotes [20]. Moreover, evaluation of 1H-pyrazole-

4-carbohydrazides derivatives against  (L) amazonensis promastigotes showed that the most active 

compounds were those with X = Br, Y = NO2 and X = NO2, Y = Cl (figures 1c and 1d) with CI50 20.71 
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µg/mL (50 µM) and 29.58 µg/mL (80 µM) respectively [21]. Finally, hybrid compounds containing 

hydrazones and benzofuroxan pharmacophores (figure 1e) showed selective trypanocidal activity with 

IC50 6.80 µg/mL (19.8 µM) [22] while brazilizone A (figure 1f), a new potent trypanocydal prototype, 

showed an IC50 of 1.92 µg/mL (5.3 µM) [23].  

 

The combination of two pharmacological agents into a single molecule, called hybrid molecule is an  

emerging  strategy  in  medicinal  chemistry  and  drug  discovery  research  [24,25].  These hybrid 

molecules may display dual activity but do not necessarily act on the same biological target [26-28].  In 

the search for new therapeutic alternatives to treat cutaneous leishmaniasis and Chagas disease we 

designed and synthesized a series of novel hydrazones having quinoline cores and their cytotoxicity 

and leishmanicidal and trypanocidal  activities were evaluated in vitro (figure 2). 

 

2. Results and Discussion 

2.1. Chemistry 

Quinaldine (1) was oxidized with selenium oxide to produce the aldehyde 2 in 80% yield [29], which 

was treated with iodine and methanol in basic solution affording ester 3 in 70% yield [30]. Then,    

compound 3 was submitted to nucleophilic substitution with hydrazine hydrate obtaining acylhydrazide 

4 in 75% yield [31], that was coupled with different hydroxyaldehydes in aqueous medium obtaining 

hydrazones 6a-6e in 40-85% yields [32]. The synthetic strategy is summarized in Scheme 1. With this 

strategy we only perform modifications of aromatic ring of the side chain in order to keep the two 

pharmacological agents. Hydrazones 7a-7d and 8 were obtained following the same synthetic strategy 

starting from compounds 4-quinolinecarboxaldehyde and isoquinoline-1-carboxylic acid, respectively 

(figure 3).  

2.2. Biological activities 

The effect of hydrazones on cell growth and viability was assessed in human macrophages (U937 

cells) which are the host cells for L. (V) panamensis and T. cruzi parasites. On the other hand, the 

antiparasite activity of these compounds was tested on intracellular amastigotes of L. (V.) panamensis 

and T. cruzi according to the ability of these compounds to reduce the amount of parasite inside 

infected macrophages.  Results are summarized in Tables 1 and 2. 

All novel hydrazones with exception of 7c and 7d, were highly cytotoxic to U937 cells showing LC50 < 

100.0 µg/mL (Table 1). Compound 7d showed moderate cytotoxicity (LC50 > 100.0 µg/mL, 347.3 µM) 

while compound 7c had no cytotoxicity (LC50 > 200 µg/mL, >650.8 µM). In turn, amphotericin B, 

benznidazole and meglumine antimoniate showed high, moderate and no cytotoxicity, respectively. 
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Compounds 6b-6e, 7a and 8 showed activity against intracellular amastigotes of L. (V) panamensis 

with percentages of inhibition higher than 50% at concentrations < 20 µg/mL (Table 1). The most 

active compounds was 6c inhibiting in 64% the amount of intracellular amastigotes at 1.0 µg/mL 

followed by compound 8 with 62% of inhibition at 5.0 µg/mL. Others compounds showed low activity 

against L. (V) panamensis intracellular amastigotes. As expected, amphotericin B and meglumine 

antimoniate, standar drugs to treat cutaneous leishmaniasis, demonstrated activity against intracellular 

amastigotes with percentages of inhibition > 70.0% at 0.05 and 10.0 µg/mL, respectively. 

On the other hand, only compound 6a showed activity against intracellular amastigotes of T. cruzi, 

inhibiting the amount of parasite in 50.4% at concentrations lower than 10 µg/mL (Table 1). 

Benznidazole, one of the standard drugs to treat Chagas disease was active against intracellular 

amastigotes of T. cruzi inhibiting 87.6% of the parasite growth at 20 µg/mL.  

The leishmanicidal and trypanocidal activities were confirmed by determining the effective 

concentration 50 (EC50) that corresponds to the concentration of drug that gives the half-maximal 

reduction of the parasite growth (Table 2). Dose-response relationship showed that compounds 6b-6e 

and 8 were highly active against intracellular amastigotes of L. (V) panamensis with EC50 < 20 µg/mL. 

The most active compound was 6c with an EC50 of 0.8 ± 0.0 µg/mL (2.6 µM), followed by 6b with an 

EC50 of 6.5 ± 0.8 µg/mL (21.2 µM). As expected again, the leishmanicidal drugs amphotericin B and 

meglumine antimoniate showed activity with low EC50 values. In turn, compounds 6a, 6c and 7b were 

active against intracellular amastigotes of T. cruzi with EC50 of 1.4 ± 0.3 (4.8 µM), 6.6 ± 0.3 (4.6 µM) 

and 20.8 ± 0.5 µg/mL (67.7 µM), respectively (Table 2).  In this case, benznidazole showed activity 

with an EC50 of 10.5 + 1.8 µg/mL (40.3 µM). 

The leishmanicidal activity of hydrazones 6b-6e and 8 and trypanocidal activity of hydrazones 6a, 6c 

and 7b were higher than their cytotoxicity. Thus, the IS values calculated for these compounds ranged 

from 2.6 to 4.7 in leishmanicidal compounds and from 0.5 to 11.6 in trypanocidal compounds (Table 

2).  As demonstrated elsewhere, amphotericin B and meglumine antimoniate have very high IS values. 

Although compounds 6c and 8 showed better activity than meglumine antimoniate, the IS of these 

compounds is affected by their high cytotoxicity. These results suggest that biological activity of the 

hydrazones reported here is selective, being more active against L. (V) panamensis than U937 cells. On 

the other hand, only the trypanocidal activity of hydrazones 6a was also higher than their cytotoxicity 

with an IS value of 11.6.  

According to the results obtained against leishmaniasis, it is interesting to note that compounds with 2-

substituted quinoline or isoquinolinic core (6a-6e vs 8) are more active than those with 4-substituted 

quinoline (7a-7d). This higher activity could be due to a possible mechanism of action for these 
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compounds as iron chelators. In this mechanism, iron complexes with the nitrogen atom in hydrazone 

and with the oxygen atom in the carbonyl group [33]. In our case, we consider that iron complexes with 

the 2-substituted quinolone or isoquinolinic nitrogen instead of complexing with the oxygen in the 

carbonyl group because nitrogen is more basic. The mode of  action  of  iron chelators have been 

reported for hydrazones in other protozoan diseases [34]. Studies in vitro have shown that chelating 

agents are able to inhibit parasite growth and proliferation by deprivation of iron, which is an essential 

nutrient for cell growth and division [35]. 

Other possible mechanisms of action for these compounds may be formulated in terms of conjugated 

addition  of  nucleophilic  amino  acid  residues present  in  target  enzymes  of   Leishmania e.g. such 

cysteine  proteases  [36], in a Michael addition [37]. An electrophilic conjugated system could be 

generated from o-hydroxybenzylidene-N-acylhydrazone framework due to the ability of this system   to 

be converted into an  electrophilic  quinone  methide  intermediate  through a pericyclic rearrangement 

[38]. This  mechanism  has  been  reported  for  other  α,β-unsaturated  compounds such  as  lactones, 

chromones  and  cinnamic  acid  esters  [39-41]. 

Results of the present work suggest that the hydroxyl group in the positions 3 and 4 in the aromatic ring 

is determinant for the activity. The importance of this position may be due to the best molecular 

recognition ability towards target bioreceptors by forming hydrogen bonds [42]. 

3. Conclusions 

The synthesis, leishmanicidal and trypanocidal screening of 10 quinoline-hydrazone hybrids are 

reported. Three of them were active against L. (V) panamensis (6b, 6c and 8) and two of them against 

T. cruzi (6a and 6c) with EC50 values lower than 10 µg/mL, being 6b and 6a the most active 

compounds for L. (V) panamensis and T. cruzi, respectively. The antiparasite activity and the selectivity 

showed by these compounds suggest that they have potential as templates for drugs development 

against these parasites. The presence of 2-substituted quinoline or isoquinolinic core and hydroxyl 

group in positions 3 and 4 of the aromatic ring increase the leishmanicidal activity.   

4. Experimental Section  

4.1. Chemical Synthesis 

4.1.1. General Remarks 

Synthesis of acylhydracides were carried out in a MW domestic oven adapted for the use of a reflux 

condenser and magnetic stirrer at a constant power (400W). Hydrazones were synthesized in an 

ultrasonic cleaner (BRANSON). NMR spectra were recorded as DMSO-d6 solutions on an AMX 300 

instrument (Bruker, Billerica, MA, USA) operating at 300 MHz for 1H and 75 MHz for 1C. Chemical 
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shifts (δ) are expressed in ppm with the solvent peak as reference and TMS as an internal standard; 

coupling constants (J) are given in Hertz (Hz). High resolution mass spectra were recorded using 

electrospray ionization mass spectrometry (ESI-MS). A QTOF Premier instrument with an orthogonal 

Z-spray-electrospray interface (Waters, Manchester, UK) was used operating in the  

W-mode. The drying and cone gas was nitrogen set to flow rates of 300 and 30 L/h, respectively. 

Methanol sample solutions (ca. 1 × 10−5 M) were directly introduced into the ESI spectrometer at a 

flow rate of 10 µL/min. A capillary voltage of 3.5 kV was used in the positive scan mode, and the cone 

voltage set to Uc = 10 V. For accurate mass measurements, a 2 mg/L standard solution of leucine 

enkephalin was introduced via the lock spray needle at a cone voltage set to 85 V and a flow rate of  

30 µL/min. IR spectra were recorded on a Spectrum RX I FT-IR system (Perkin-Elmer, Waltham, MA, 

USA) in KBr disks. Silica gel 60 (0.063–0.200 mesh, Merck, Whitehouse Station, NJ, USA) was used 

for column chromatography, and precoated silica gel plates (Merck 60 F254 0.2 mm) were used for 

thin layer chromatography (TLC).  

4.1.1.1. Synthetic procedure for methyl quinoline-2-carboxylate preparation (3):  

Quinoline-2-carbaldehyde 2 (2g, 12.7 mmol)  was dissolved  in methanol  (20 mL)  and  solutions  of  

KOH (32 mmol, 1.8 g)  and  iodine  (16.5 mmol, 4.2 g)  in MeOH  (each  6 mL) were successively  

added  at 0°C. The mixture was stirred for a period of 15 minutes and then was concentrated on a 

rotatory evaporator, and the residue was purified by column chromatography over silica gel eluting 

with hexane and a mixture of hexane-ethyl acetate (9:1 ratio) to obtain the ester in 70% yield (8.9 

mmol, 1.7 g). Monitoring of the reaction progress and product purification was carried out by TLC.  

4.1.1.2. Synthetic procedure for quinoline-2-carbohydrazide preparation (4):  

To a solution of 3 (1.5 g, 8.0 mmol) in ethanol (10 mL) was added hydrazine monohydrate (16 mL of a 

80% solution). The reaction mixture submitted to microwave irradiation and maintained under reflux 

for 30 minutes. Then, the reaction mixture was poured on ice and the resulting precipitate was filtered 

out affording the title compound in 75% yield (6 mmol, 1.1 g). 

4.1.1.3. Synthetic procedure for hydrazones preparation: 

A quinoline-2-carbohydrazide 4 (100 mg, 0.53 mmol) solution in water (2 mL)  was sonicated for 2 

minutes and then aldehyde 5 (0.53 mmol) and acetic acid (0.1 mL) were added dropwise to the reaction 

mixture. Upon completion of the reaction (20–30 min), the product was filtered, sequentially washed 

with water (20 mL) and ethyl ether (5 mL), dried in vacuo and recrystallized from ethanol to obtain the 

corresponding hydrazones in yields ranging from 40% to 85%.  

4.1.1.3.1. N'-[(1E)-(2-hydroxyphenyl)methylidene]quinoline-2-carbohydrazide (6a):  
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Yield 50% (0.265 mmol, 77.2 mg); light yellow solid, M.p. 185–187°C; IR (cm−1): νmax 3457 (Ar-OH), 

3323 (N-H), 1700 (C=O), 1502 (C=N), 1482 (C=CAr), 1268 ((C=O)-N), 775 (C-HAr). 
1H-NMR 

(DMSO-d6): δ 6.90-6.99 (H14, H16, m), 7.33 (H15, tapparent, J = 8.32 Hz), 7.55 (H17, dd, J = 7.74, 1.5 Hz), 

7.75 (H7, tapparent, J = 7.60 Hz), 7.91 (H8, tapparent, J = 7.60 Hz), 8.10 (H6, d, J = 8.14 Hz), 8.20 (H3, d, J = 

8.52 Hz), 8.23 (H9, d, J = 8.17 Hz), 8.61 (H4, d, J = 8.52 Hz), 8.89 (H11, s), 11.35 (OH), 12.53 (NH).   
13C-NMR (CDCl3): δ 116.94 (C12), 119.07 (C14), 119.54 (C16), 119.96 (C3), 128.63 (C7), 128.98 (C6), 

129.46 (C17), 129.75 (C8), 130.28 (C5), 131.23 (C9), 132.14 (C15), 138.60 (C4), 146.47 (C2), 149.70 

(C11), 150.57 (C10), 158.01 (C13), 161.22 (C=O). EIMS: m/z 292.1087  

[M + H]+, Calcd for C17H13N3O2: 292.1086.  

4.1.1.3.2. N'-[(1E)-(2,3-dihydroxyphenyl)methylidene]quinoline-2-carbohydrazide (6b): 

Yield 75% (0.40 mmol, 122.1 mg); light brown solid, M.p. 205-207°C; IR (cm−1): νmax 3382 (Ar-OH), 

3289 (N-H), 1683 (C=O), 1503 (C=N), 1471 (C=CAr), 1274 ((C=O)-N), 772 (C-HAr). 
1H-NMR 

(DMSO-d6): δ 6.77 (H16, tapparent, J = 7.84 Hz), 6.89 (H15, dd, J = 7.77, 1.0 Hz), 6.97 (H17, dd, J = 7.77, 

1.0 Hz), 7.77 (H7, tapparent, J = 7.76 Hz), 7.93 (H8, tapparent, J = 7.76 Hz), 8.13 (H6, d, J = 8.10 Hz), 8.23 

(H3, H9, d, J = 8.57 Hz), 8.63 (H4, d, J = 8.51 Hz), 8.90 (H11, s), 9.22 (OH), 11.25 (OH), 12.54 (NH).   
13C-NMR (CDCl3): δ 118.0 (C12), 119.24 (C15), 119.62 (C3), 119.67 (C16), 120.78 (C17), 128.70 (C7), 

128.91 (C5), 129.50 (C6), 129.69 (C8), 131.22 (C9), 138.58 (C4), 146.12 (C2), 146.51 (C10), 146.73 

(C14), 149.86 (C11), 151.24 (C13), 161.05 (C=O). EIMS: m/z 308.1036 [M + H]+, Calcd for C17H13N3O3: 

308.1035.  

4.1.1.3.3. N'-[(1E)-(2,4-dihydroxyphenyl)methylidene]quinoline-2-carbohydrazide (6c): 

Yield 81% (0.43 mmol, 132.0 mg); yellow solid, M.p. 259-262°C; IR (cm−1): νmax 3459 (Ar-OH), 3309 

(N-H), 1675 (C=O), 1501 (C=N), 1431 (C=CAr), 1225 ((C=O)-N), 770 (C-HAr). 
1H-NMR (DMSO-d6): 

δ 6.34 (H14, d, J = 2.23 Hz), 6.39 (H16, dd, J = 8.40, 2.23 Hz), 7.32 (H17, d, J = 8.40 Hz), 7.74 (H7, 

tapparent, J = 8.0 Hz), 7.90 (H8, tapparent, J = 8.0 Hz), 8.09 (H6, d, J = 8.03 Hz), 8.18 (H3, d, J = 8.56 Hz), 

8.22 (H9, d, J = 8.83 Hz), 8.60 (H4, d, J = 8.60 Hz), 8.75 (H11, s), 10.16 (OH), 11.55 (OH), 12.34 (NH).   
13C-NMR (CDCl3): δ 103.15 (C14), 108.30 (C16), 111.0 (C12), 119.50 (C3), 128.60 (C7), 128.90 (C6), 

129.40 (C5), 129.73 (C8), 131.20 (C9), 132.19 (C17), 138.56 (C4), 146.50 (C2), 149.90 (C10), 151.40 

(C11), 160.10 (C15), 160.83 (C13), 161.33 (C=O). EIMS: m/z 308.1039 [M + H]+, Calcd for C17H13N3O3: 

308.1035.  

4.1.1.3.4. N'-[(1E)-(2,5-dihydroxyphenyl)methylidene]quinoline-2-carbohydrazide (6d): 

Yield 47% (0.25 mmol, 76.5 mg); yellow solid, M.p. 229-232°C; IR (cm−1): νmax 3418 (Ar-OH), 3307 

(N-H), 1675 (C=O), 1505 (C=N), 1382 (C=CAr), 1257 ((C=O)-N), 774 (C-HAr). 
1H-NMR (DMSO-d6): 

δ 6.98 (H17, d, J = 1.72 Hz), 6.75-6.79 (H14, H15, m), 7.76 (H7, tapparent, J = 7.52 Hz), 7.92 (H8, tapparent, J 
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= 7.52 Hz), 8.12 (H6, d, J = 8.02 Hz), 8.18-8.26 (H3, H9, m), 8.63 (H4, d, J = 8.54 Hz), 8.85 (H11, s), 

8.87 (OH), 9.02 (OH), 12.42 (NH).   13C-NMR (CDCl3): δ 114.56 (C12), 117.60 (C15), 119.42 (C3), 

119.58 (C14, C17), 128.69 (C6), 128.87 (C5), 129.46 (C8), 129.69 (C9), 131.19 (C4), 138.54 (C2), 146.50 

(C10), 149.98 (C11), 150.37 (C16), 150.88 (C13), 161.0 (C=O). EIMS: m/z 308.1037 [M + H]+, Calcd for 

C17H13N3O3: 308.1035.  

4.1.1.3.5. N'-[(1E)-(2,3,4-trihydroxyphenyl)methylidene]quinoline-2-carbohydrazide (6e): 

Yield 60% (0.32 mmol, 102.8 mg); dark brown solid, M.p. 219-221°C; IR (cm−1): νmax 3461 (Ar-OH, 

N-H), 1636 (C=O), 1501 (C=N), 1480 (C=CAr), 1265 ((C=O)-N), 770 (C-HAr). 
1H-NMR (DMSO-d6): δ 

6.42 (H16, d, J = 8.32 Hz), 6.79 (H17, d, J = 8.32 Hz), 7.76 (H7, tapparent, J = 7.40 Hz), 7.92 (H8, tapparent, J 

= 7.40 Hz), 8.12 (H6, d, J = 8.02 Hz), 8.22 (H9, H3, d, J = 8.43 Hz), 8.50 (OH), 8.62 (H4, d, J = 8.60 

Hz), 8.76 (H11, s), 9.49 (OH), 11.59 (OH), 12.38 (NH).   13C-NMR (CDCl3): δ 108.20 (C16), 111.37 

(C12), 119.60 (C3), 121.88 (C17), 128.69 (C7), 128.82 (C6), 129.44 (C5), 129.67 (C8), 131.20 (C9), 

133.22 (C14), 138.55 (C4), 146.53 (C2), 148.13 (C11), 149.40 (C10), 150.03 (C15), 152.30 (C13), 160.72 

(C=O). EIMS: m/z 324.0988 [M + H]+, Calcd for C17H13N3O4: 324.0984.  

4.1.1.3.6. N'-[(1E)-(2,3-dihydroxyphenyl)methylidene]quinoline-4-carbohydrazide (7a):  

Yield 70% (0.371 mmol, 114.0 mg); brown solid, M.p. 263-267°C; IR (cm−1): νmax 3443 (Ar-OH), 3191 

(N-H), 1654 (C=O), 1578 (C=N), 1471 (C=CAr), 1283 ((C=O)-N), 724 (C-HAr). 
1H-NMR (DMSO-d6): 

δ 6.76 (H16, tapparent, J = 7.84 Hz), 6.89 (H15, dd, J = 7.8, 1.3 Hz), 7.03 (H17, dd, J = 7.8, 1.3 Hz), 7.74 

(H3, d, J = 4.2 Hz), 7.78-7.96 (H7, H8, m), 8.13 (H6, d, J = 8.4 Hz), 8.20 (H9, d, J = 8.2 Hz), 8.30 (OH), 

8.52 (H11, s), 9.04 (H2, d, J = 4.4 Hz), 10.79 (OH), 12.34 (NH). 13C-NMR (CDCl3): δ 119.20 (C12), 

119.82 (C15), 120.16 (C3), 120.32 (C16), 124.61 (C17), 125.67 (C5), 128.30 (C5), 129.87 (C6, C9), 130.63 

(C8), 140.18 (C4), 146.03 (C14), 148.30 (C10), 150.13 (C11), 150.74 (C2), 163.10 (C13), 168.76 (C=O). 

EIMS: m/z 308.1037 [M + H]+, Calcd for C17H13N3O3: 308.1035. 

4.1.1.3.7. N'-[(1E)-(2,4-dihydroxyphenyl)methylidene]quinoline-4-carbohydrazide (7b): 

Yield 60% (0.318 mmol, 97.7 mg); yellow solid, M.p. 250-254°C; IR (cm−1): νmax 3381 (Ar-OH), 2856 

(N-H), 1632 (C=O), 1509 (C=N), 1466 (C=CAr), 1235 ((C=O)-N), 762 (C-HAr). 
1H-NMR (DMSO-d6): 

δ 6.35 (H14, d, J = 1.6 Hz), 6.38 (H16, dd, J = 8.5, 1.6 Hz), 7.36 (H17, d, J = 8.5 Hz), 7.71 (H3, d, J = 4.2 

Hz), 7.77-7.89 (H7, H8, m), 8.12 (H6, d, J = 8.4 Hz), 8.19 (H9, d, J = 7.6 Hz), 8.42 (H11, s), 9.02 (H2, d, 

J = 4.2 Hz), 11.26 (OH), 12.22 (NH). 13C-NMR (CDCl3): δ 103.1 (C14), 108.40 (C16), 110.82 (C12), 

120.10 (C3), 124.70 (C5), 125.61 (C7), 128.22 (C8), 129.83 (C9), 130.57 (C6), 131.76 (C17), 140.36 (C4), 

148.31 (C10), 150.36 (C11), 150.71 (C2), 159.95 (C15), 161.49 (C13), 162.76 (C=O). EIMS: m/z 

308.1035 [M + H]+, Calcd for C17H13N3O3: 308.1035. 

4.1.1.3.8. N'-[(1E)-(2,5-dihydroxyphenyl)methylidene]quinoline-4-carbohydrazide (7c):  
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Yield 62% (0.329 mmol, 101.0 mg); light brown solid, M.p. 270-276°C; IR (cm−1): νmax 3442 (Ar-OH), 

3339 (N-H), 1661 (C=O), 1585 (C=N), 1466 (C=CAr), 1226 ((C=O)-N), 765 (C-HAr). 
1H-NMR 

(DMSO-d6): δ 6.77 (H14, H15, sapparent), 7.05 (H17, s), 7.72 (H3, d, J = 4.4 Hz), 7.78-7.89 (H7, H8, m), 

8.12 (H6, d, J = 8.5 Hz), 8.19 (H9, d, J = 8.3 Hz), 8.27 (OH), 8.49 (H11, s), 9.03 (H2, d, J = 4.4 Hz), 

10.22 (OH), 12.30 (NH). 13C-NMR (CDCl3): δ 117.64 (C12), 119.43 (C14, C17), 119.90 (C15), 120.14 

(C3), 124.60 (C5), 125.71 (C7), 128.22 (C9), 129.93 (C6), 130.60 (C8), 140.36 (C4), 148.33 (C11), 148.65 

(C10), 150.36 (C16), 150.73 (C2), 163.10 (C13), 168.83 (C=O). EIMS: m/z 308.1034 [M + H]+, Calcd for 

C17H13N3O3: 308.1035. 

4.1.1.3.9. N'-[(1E)-(2,3,4-trihydroxyphenyl)methylidene]quinoline-4-carbohydrazide (7d): 

Yield 85% (0.450 mmol, 145.6 mg); light yellow solid, M.p. 285-286°C; IR (cm−1): νmax 3496 (Ar-OH), 

3190 (N-H), 1652 (C=O), 1517 (C=N), 1465 (C=CAr), 1250 ((C=O)-N), 797 (C-HAr). 
1H-NMR 

(DMSO-d6): δ 6.42 (H16, d, J = 8.6 Hz), 6.84 (H17, d, J = 8.6 Hz), 7.73 (H3, d, J = 4.3 Hz), 7.79-7.89 

(H7, H8, m), 8.12 (H6, d, J = 8.4 Hz), 8.16 (OH), 8.20 (H9, d, J = 8.4 Hz), 8.38 (H11, s), 8.74 (OH), 9.04 

(H2, d, J = 4.3 Hz), 11.21 (OH), 12.26 (NH). 13C-NMR (CDCl3): δ 108.3 (C17), 111.16 (C3), 120.15 

(C12), 121.72 (C16), 124.70 (C5), 125.71 (C7), 128.20 (C9), 129.91 (C6), 130.60 (C8), 133.2 (C14), 

140.31 (C4), 148.0 (C10), 149.52 (C11), 150.74 (C15), 151.45 (C2), 162.73 (C13), 168.25 (C=O). EIMS: 

m/z 324.0983 [M + H]+, Calcd for C17H13N3O4: 324.0984. 

4.1.1.3.10. N'-[(1E)-(2,4-dihydroxyphenyl)methylidene]isoquinoline-1-carbohydrazide (8): 

Yield 65% (0.345 mmol, 105.9 mg); yellow solid, M.p. 260-263°C; IR (cm−1): νmax 3461 (Ar-OH), 

3268 (N-H), 1665 (C=O), 1511 (C=N), 1460 (C=CAr), 1200 ((C=O)-N), 750 (C-HAr). 
1H-NMR 

(DMSO-d6): δ 6.38 (H14, H16, m), 7.29 (H17, d, J = 8.90 Hz), 7.77 (H7, ddd, J = 8.30, 7.07, 1.13 Hz), 

7.86 (H8, ddd, J = 8.30, 707, 1.13 Hz), 8.09 (H6, H4 dapparent, J = 8.03 Hz), 8.61 (H3, H11, m), 8.91 (H9, 

d, J = 8.51 Hz), 10.16 (OH), 11.55 (OH), 12.34 (NH). 13C-NMR (CDCl3): δ 103.19 (C14), 108.27 (C16), 

110.94 (C12), 124.31 (C4), 126.28 (C10), 126.72 (C6), 127.75 (C7), 129.21 (C8), 131.35 (C9), 131.86 

(C17), 137.03 (C5), 141.39 (C3), 150.41 (C1), 150.60 (C11), 160.06 (C15), 161.42 (C13), 165.50 (C=O). 

EIMS: m/z 308.1035 [M + H]+, Calcd for C17H13N3O3: 308.1035. 

4.2. Biological Activity Assays 

The compounds were subjected to evaluation of in vitro cytotoxicity on U937 human cells and 

leishmanicidal and trypanocidal activities on intracellular amastigotes of L.  (V) panamensis and T. 

cruzi.  

4.2.1. In vitro cytotoxicity 

The cytotoxic activity of the compounds was assessed based on the viability of the human 

promonocytic cell line U937 (ATCC CRL-1593.2TM) evaluated by the MTT (3-(4,5-dimethylthiazol-2-
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yl)-2,5-diphenyltetrazolium bromide) assay following the metodology described previously [43]. In 

brief, cells were grown in 96-well cell-culture dishes at a concentration of 100,000 cells/mL in RPMI-

1640 supplemented with 10% FBS and the corresponding concentrations of the compounds, starting at 

200 µg/mL in duplicate. The cells were incubated at 37 °C with 5% CO2 for 72 h in the presence of the 

compounds and then the effect of the compounds was determined by measuring the activity of the 

mitochondrial dehydrogenase by adding 10 µL/well of MTT solution (0.5 mg/mL) and incubating at 37 

°C for 3h. The reaction was stopped by adding 100 µL/well of 50% isopropanol solution with 10% 

sodium dodecyl sulfate and incubating for 30 min. Cell viability was determined based on the quantity 

of formazan produced according to the intensity of color (absorbance) that registered as optical 

densities (O.D) obtained at 570 nm in a ELISA reader plate (Bio-Rad, Hercules, CA, USA). Cultured 

cells in the absence of compounds were used as control of viability (negative control), while 

meglumine antimoniate and amphotericin B were used as control for cytotoxicity (negative and 

positive controls, respectively). Assays were performed in two independent assays with three replicates 

per each concentration tested. 

4.2.2. In vitro leishmanicidal activity 

The activity of compounds was evaluated on intracellular amastigotes of L. (V) panamensis 

transfected with the green fluorescent protein gene (MHOM/CO/87/UA140pIR-GFP) [44]. The effect 

of each compound was determined according to the inhibition of the infection evidenced by both 

decrease of the infected cells and decrease of intracellular parasite load. Briefly, U-937 human cells at a 

concentration of 3 × 105 cells/mL in RPMI 1640 and 0.1 µg/mL of PMA (phorbol-12-myristate-13-

acetate) were infected with promastigotes in stationary phase growth in a 15:1 parasites per cell ratio 

and incubated at 34 °C and 5% CO2 for 3 h. Cells were washed two times with phosphate buffer 

solution (PBS) to eliminate not internalized parasites. Fresh RPMI 1640 1 mL was added and cells 

were incubated during 24 h to guarantee multiplication of intracellular parasites. 

After 24 h of infection, the culture medium was replaced by fresh culture medium containing each 

compound at concentrations 20 µg/mL or lower, (based on the cytotoxicity showed previously by each 

compound). After 72 h, the inhibition of the infection progress was determined. Cells were removed 

from the bottom plate with a trypsin/EDTA (250 mg) solution. Recovered cells were centrifuged at 

1100 rpm during 10 min at 4 °C, the supernatant was discarded and cells were washed with 1 mL of 

cold PBS and centrifuged at 1100 rpm during 10 min at 4 °C. The supernatant was discarded and cells 

were suspended in 500 µL of PBS and analyzed by flow cytometry (FC 500MPL, Cytomics, Brea, CA, 

US) counting 20.000 events. All determinations for each compound and standard drugs were carried 

out in triplicate, in two independent experiments [43, 45]. Activity of tested compounds was carried out 
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in parallel with infection progress in culture medium alone and in culture medium with amphotericin B 

and meglumine antimoniate as leishmanicidal drugs (positive controls). Compounds that showed 

growing percentages of inhibition higher than 50% al 20 or less µg/mL were then evaluated at four 

additional concentrations to determine the  effective concentration 50 (EC50). Here, infected cells were 

exposed against each concentration of synthesized compounds during 72 h, then, cells were removed 

and tested by flow cytometry as described before.  

4.2.3. In vitro trypanocidal activity  

Compounds were tested on intracellular amastigotes of T. cruzi, Tulahuen strain transfected with β-

galactosidase gene (donated by Dr. F. S. Buckner, University of Washington) [45]. The activity was 

determined according to the ability of the compound to reduce the infection of U-937 cells by T. cruzi. 

Similar to the procedure described previously, the trypanocidal activity was initially screened at unique 

concentration < 20 mg/ml. Briefly, 100 µL of U-937 human cells at a concentration of 2.5 x 10 5 

cells/mL in RPMI-1640, 10% SFB and 0.1 µg/mL of PMA were placed in each well of  96-wells 

microplate and then infected with log phase growth epimastigotes in 5:1 (parasites per cell) ratio and 

incubated at 34°C, 5% CO2. After 24 hours of incubation, 20 µg/mL of each compound were added to 

infected cells. After 72h of incubation, the effect of all compounds on viability of intracellular 

amastigotes was determined measuring the β-galactosidase activity by spectrophotometry adding to 

each well 100 µM CPRG and 0.1% nonidet P-40. After 3h of incubation, plates were read at 570 nm in 

a spectrophotometer (Varioskan™ Flash Multimode Reader - Thermo Scientific, USA) and intensity of 

color (absorbance) was registered as optical densities (O.D). Compounds that showed inhibition 

percentages higher than 50% were evaluated again at four concentrations selected according to the 

LC50 previously obtained for each compound. Infected cells exposed to benznidazol were used as 

control for trypanocidal activity (positive control) while infected cells incubated in culture medium 

alone were used as control for infection (negative control). Non-specific absorbance was corrected by 

subtracting absorbance (O.D) of the blank. Determinations were done by triplicate in at least two 

independent experiments [46]. 

4.2.4. Statistical Analysis  

Cytotoxicity was determined according to viability and mortality percentages obtained for each 

isolated experiment (compounds, amphotericin B, meglumine antimoniate and culture medium alone). 

The results were expressed as 50 lethal concentrations (LC50) that corresponds to the concentration 

necessary to eliminate 50% of cells and calculated by Probit analysis [47]. Percentage of viability was 

calculated by Equation 1, where the O.D of control, corresponds to 100% of viability. In turn, mortality 

percentage corresponds to 100%–% viability:  
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% Viability = (O.D Exposed cells) / (O.D Control cells) × 100 (1) 

The degree of toxicity was graded according to the LC50 value using the following scale: high 

cytotoxicity: LC50 < 100 µg/mL; moderate cytotoxicity: LC50 > 100 to < 200 µg/mL and potentially 

non-cytotoxicity: LC50 > 200 µg/mL. 

Leishmanicidal activity was determined according to the percentage of infected cells and parasite 

load obtained for each experimental condition by flow cytometry. The percentage of infected cells was 

determined as the number of positive events by double fluorescence (green for parasites and red for 

cells) using dotplot analysis. On the other hand, the parasitic load was determined by analysis of mean 

fluorescence intensity (MFI) of fluorescent parasites [43]. The parasite inhibition was calculated by 

equation 2, where the MFI of control, corresponds to 100% of parasites. In turn, inhibition percentage 

corresponds to 100% – % Parasites. Results of leishmanicidal activity were expressed as EC50 

determined by the Probit method [47]:  

% Parasite = (MFI Exposed parasites) / (MFI Control parasites) × 100 (2) 

Similarly, trypanocidal activity was determined according to the percentage of infected cells and 

parasite load obtained for each experimental condition by colorimetry. The parasite inhibition was 

calculated by equation 3, where the O.D of control corresponds to 100% of parasites. In turn, inhibition 

percentage corresponds to 100% – % Parasites. Results of trypanocidal activity were also expressed as 

EC50 determined by the Probit method [47]:  

% Parasite = (O.D Exposed parasites) / (O.D Control parasites) × 100 (3) 

     The leishmanicidal or trypanocidal activities were graded according to the EC50 value using the 

following scale: High activity: EC50 < 20 µg/mL, moderate activity: EC50 > 20 to < 50 µg/mL; 

potentially non activity: EC50 > 100 µg/mL. 

The selectivity index (SI), was calculated by dividing the cytotoxic activity and the leishmanicidal 

or trypanocidal activity using the following formula: SI = CL50/CE50. Cytotoxic compound: LC50<100 

µg/mL.  

Acknowledgments 

The authors thank Universidad de Antioquia (grant CODI IN656CE and CIDEPRO) for financial 

support. 

Conflict of interest 

The authors declare no conflict of interest.  

References  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 
 

1. Z.A. Bhutta, J. Sommerfeld, Z.S. Lassi, R.A. Salam, J.K. Das, Infect Dis. Poverty. 3:21 (2014) 1-7. 

2. J. Alvar, I.D. Vélez, C. Bern, M. Herrero, P. Desjeux, J. Cano, J. Jannin, M. den Boer, PLoS One. 

7 (2012) e35671.  

3. P. Nouvellet, Z.M. Cucunubá, S. Gourbière,  Adv. Parasitol. 87 (2015) 135-91. 

4. M. den Boer, D. Argaw, J. Jannin, J. Alvar, Clin. Microbiol. Infect 17 (2011) 1471-7. 

5. M. Keenan, J.H. Chaplin, Prog. Med. Chem. 54 (2015) 185-230. 

6. E. Chatelain, J.R. Ioset,  Drug Des. Devel. Ther. 16 (2011) 175-81.  

 

7. K. Suresh, B. Sandhya, G. Himanshu, Mini-Rev.  Med. Chem.  9 (2009) 1648-1654. 

8. H. Nakayama, P.M. Loiseau, C. Bories, S.T. De Ortiz, A. Schinini, E. Serna, A. Rojas de Arias,   

M.A. Fakhfakh,   X. Franck,  B. Figadère,  R. Hocquemiller,  A. Fournet, Antimicrob. Agents 

Chemother. 49 (2005) 4950-4956. 

9. A. Tempone, A. Melo, P. Da Silva, C. Brandt, F. Martinez, A. Borborema, agents chemother. 49 

(2005) 1076-1080.   

10. R. Dietze, S. F. Carvalho, L. C. Valli, J. Berman, T. Brewer, W. Milhous, J. Sanchez, B. Schuster,   

M, Grogl,  Am. J. Trop. Med. Hyg., 65 (2001) 685-689.  

11. A.F. Mohammed, A. Fournet, E. Prina, J.F. Mouscadet, X. Franck, R. Hocquemiller,  B.  Figadère,  

M.A.  Fakhfakh,  Bioorg.  Med.  Chem.  11 (2003) 5013-5023.  

12. N.C.  Vieira,  C.  Herrenknecht,  J.  Vacus,  A.  Fournet,  C.  Bories,  B. Figadère,  L.S. Espindola,  

P.M. Loiseau, Biomed. Pharmacother. 62 (2008) 684-689.  

13. W. Cardona, V. Arango, J. Domínguez, S. Robledo, D. Muñoz, B. Figadère, I.D. Velez, J. Sáez,  J. 

Chil. Chem. Soc., 58 (2013) 1709-1712. 

14. P. Palit, P. Paira, A. Hazra, S. Banerjee, A. Das Gupta, S. Dastidar, N. Mondal, Eur. J. Med. Chem., 

44 (2009) 845-853. 

15. X. Franck, A. Fournet, E. Prina, R. Mahieux, R. Hocquemiller, B. Figadère,  Bioorg. Med Chem 

Lett, 14 (2004) 3635-3638. 

16. J. Benítez, A.C. de Queiroz, I.Correia, M.A. Alves, M.S. Alexandre-Moreira, E.J. Barreiro, L. 

Moreira Lima, J. Varela, M. González, H. Cerecetto, V. Moreno, J. Costa Pessoa, D. Gambino, Eur. 

J. Med. Chem. 62 (2013) 20-27. 

17. M. Singh, N. Raghav,  Int. J. Pharm. Pharm. Sci., 3 (2011) 26-32.  

18. G. Verma, A. Marella, M. Shaquiquzzaman, M. Akhtar, M. Rahmat Ali, M. Mumtaz Alam, J. 

Pharm. Bioallied. Sci. 6 (2014) 69-80. 

19. K.M. Khan, M. Rasheed, Z. Ullah, S. Hayat, F. Kaukab, M.I. Choudhary, A. Rahman, S. Perveen,  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 
 

Bioorg. Med. Chem. 11 (2003) 1381-1387. 

20. D. Rando, M. Avery, B. Tekwani, S. Khan, E. Ferreira, Bioorg. Med. Chem., 16 (2008) 6724-6731. 

21. A. Bernardino,  A. Gomes, K.S. Charret, A. Freitas, G.M.C. Machado, M.M. Canto-Cavalheiro, 

L.L. Leon, V.F. Amaral, Eur. J. Med. Chem. 41 (2006) 80-87. 

22. W. Porcal, P. Hernández, L. Boiani, M. Boiani, A. Ferreira, A. Chidichimo, J. Cazzulo, C. Olea-

Azar, M. González, H. Cerecetto, Bioorg. Med. Chem., 16 (2008) 6995-7004. 

23. S. Carvalho, E. Da Silva, R. Santa-Rita, S. De Castro, C.  Fraga, Bioorg. Med. Chem. Lett. 14 

(2004) 5967-5970. 

 

24. C.T. Keith, A. Borisy, B.R. Stockwell, Nat. Rev. Drug Discov. 4 (2005) 71-78. 

25. B. Meunier, Acc. Chem. Res. 41 (2008) 69-77.  

26. B.L. Roth, D.J. Sheffler, W.K Kroeze,  Nat. Rev. Drug Discov. 3 (2004) 353-359. 

27. I. Opsenica, D. Opsenica, C.A. Lanteri, L. Anova, W.K. Milhous, K.S. Smith, B.A. Solaja, J. Med. 

Chem. 51 (2008) 6216-6219.  

28. J.J. Walsh, D. Coughlan, N. Heneghan, C. Gaynor, A. Bell, Bioorg. Med. Chem. Lett. 17 (2007) 

3599-3602. 

29. I.R. George, W. Lewis, C.J. Moody, Tetrahedron 69 (2013) 8209-8215. 

30. S. Yamada, D. Morizono, K. Yamamoto, Tetrahedron Lett. 33 (1992) 4329-4332. 

31. A.E. Kümmerle, M. Schmitt, S.V.S. Cardozo, C. Lugnier, P. Villa, A. Lopes, N.C. Romeiro, H. 

Justiniano, M.A. Martins, C.A.M. Fraga, J.J. Bourguignon, E.J. Barreiro, J. Med. Chem. 55 (2012) 

7525-7545. 

32. A. Lima, M. Moreira, L. Duarte, F. D. Duarte Brondani, Tetrahedron Lett. 49 (2008) 1538-1541. 

33. D.R. Richardson, P. Ponka, J. Lab. Clin. Med. 131 (1998) 306-315. 

34. A. Walcourt, M. Loyevsky, DB. Lovejoy, VR. Gordeuk, DR. Richardson, Int. J. Biochem. Cell 

Biol.  36 (2004) 401- 407. 

35. D.R. Richardson, EH. Tran, P. Ponka, Blood 86 (1995) 4295-4306. 

36. J.C. Mottram,    G.H. Coombs,    J.  Alexander, Curr. Opin. Microbiol. 7 (2004) 375-381.    

37. W. Cardona, D. Guerra, A. Restrepo, Mol. Simul. 40 (2014) 477-484. 

38. D. R. Ifa,    C.R. Rodrigues,  R.B. Alencastro,    C.A.M. Fraga,  E.J. Barreiro, J. Mol. Struct. 

Theochem. 505 (2000) 11-17.    

39. E. Otero, S. Vergara,   SM. Robledo, W. Cardona, M. Carda, ID. Vélez, C. Rojas, F. Otálvaro, 

Molecules  19 (2014) 13251-13266. 

40. G.W. Cardona, V.J. Sáez, Trop. J. Pharm. Res. 10 (2011) 671-680.  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

16 
 

41. E. Otero, S.M. Robledo, S. Díaz, M. Carda, D. Muñoz, J. Paños, I.D. Vélez, W. Cardona, Med. 

Chem. Res. 23 (2014) 1378-1386. 

42. Patrick G.L., An introduction to medicinal chemistry, Fifth Edition, Oxford university press, 2013. 

pag 1-14 

43. S.A. Pulido, D.L. Muñoz, A.M. Restrepo, C.V. Mesa, J.F. Alzate, I.D. Vélez, S.M. Robledo, Acta 

Trop. 122 (2012) 36-45.  

44. V.M. Taylor, DL. Cedeño, D.L. Muñoz, M.A. Jones, T.D. Lash, A.M. Young,  M.H. Constantino, 

N. Esposito, I.D. Vélez, S.M. Robledo, Antimicrob. Agents Chemother. 55 (2011) 4755-4764. 

45. F.S. Buckner, C.L. Verlinde, A.C. La Flamme, W.C. Van Voorhis. Antimicrob. Agents. Chemother. 

46 (1996) 2592-2597. 

46. B. Insuasty, J. Ramirez, D. Becerra, C. Echeverry, J. Quiroga, R. Abonia, S. M. Robledo, I. D. 

Velez, Y. Upegui, J. A. Muñoz, V. Ospina, M. Nogueras, J. Cobo, Eur. J. Chem. Med. 93(2015) 

401-413. 

47. Finney,  J.D.  Probit  Analysis:  Statistical  Treatment  of  the  Sigmoid  Response  Curve,  3rd  ed.;  

Cambridge University Press: Cambridge, UK, 1978; p. 550. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

17 
 

Figure and Scheme legends 

 

Figure 1. Structures of some hydrazones with antiprotozoal activity. 

Figure 2. Design of quinoline-hydrazone hybrids as antiprotozoal agents.  

Figure 3. 4-quinoline and isoquinoline hydrazone derivatives. 

Scheme 1. Synthetic pathway to quinoline-hydrazone hybrids. 
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Table 1. In vitro cytotoxicity and antiprotozoal activity of hydrazones 

 

 
Compound 

Cytotoxicity 
(LC50) 

a  
Inhibition intracellular amastigotes 

growth (%)  

L. (V) 
panamensis 

T. cruzi 

6a  16.3 + 2.2, 56.0 16.8 + 5.0 b 50.4 + 1.4 d 

6b 30.6 + 5.3, 99.6 75.7 + 14.1 b 31.0 + 2.0 b 

6c 3.6 + 0.3, 11.7 64.7 + 5.6 e 41.5 + 6.0 d 

6d 48.9 + 3.8, 159.1 64.0 + 8.2 b 24.0 + 3.0 b 

6e 71.5 + 4.5, 221.2 68.2 + 2.1 b 36.1 + 1.6 b 

7a 14.6 + 1.0, 47.5 47.4 + 1.2 c 27.4 + 3.2 b 

7b 10.6 + 2.1, 34.5 6.4 + 1.2 d 27.7 + 1.7 c 

7c >200.0, >650.8 26.1 + 3.7 b 20.7 + 3.6 b 

7d  112.2 + 4.0, 347.3 21.3 + 3.5 b 15.7 + 0.8 b 

8 8.8 + 1.5, 28.6 62.6 + 7.8 d 24.1 + 3.7 c 

Meglumine 
antimoniate 

495.9 + 55,6 79.4 + 2.1 c NAg 

Amphotericin B  42.1 + 2.0, 45.6 76.0 + 3.0 f NAg 

Benznidazole 179.0 + 4.2, 687.7 NAg 87.6 + 8.4 b 

 

Data represent mean value +/- standard deviation; a LC50: Lethal Concentration 50 in 

µg/mL, µM; b Dose employed 20 µg/mL; c Dose employed: 10 µg/mL; d Dose employed: 

5.0 µg/mL; e Dose employed: 1.0  µg/mL; f Dose employed: 0.05  µg/mL;  g NA: Not 

applicable. 
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Table 2. Dose-response antileishmanial and antitrypanosomal activities of 

hydrazones and selectivity 

 

Compound 

 

EC50 
a 

 

IS b 

Antileishmanial   

6b 6.5 ± 0.8, 21.2 4.7 

6c 0.8 ± 0.0, 2.6 4.5 

6d 37.2 ± 3.7, 121.1 2.8 

6e 15.4 ± 2.5, 47.6 4.6 

8 3.4 ± 0.6, 11.1 2.6 

Meglumine antimoniate 6.3 ± 0.9 78.6 

Amphotericin B  0.04 ± 0.01, 0.04 1052.5 

Antitrypanosomal   

6a 1.4 ± 0.3, 4.8 11.6 

6c 6.6 ± 0.3, 4.6 0.5 

7b 20.8 ± 0.5, 67.7 0.5 

Benznidazole 10.5 ± 1.8, 40.3 17.0 

 

Data represent the mean value +/- standard deviation; a EC50: Effective Concentration 

50 in µg/mL, µM; b IS: Index of Selectivity  = LC50 / EC50. 
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Synthesis, Leishmanicidal, Trypanocidal and Cytotoxic Activity of 

Quinoline-Hydrazone Hybrids  

  

Highlights 
 

1.  We synthesized ten quinoline hydrazones with good yields 

2.  Five of the compounds obtained were active against L. (V) panamensis and three of them against T. 
cruzi 

3. The presence of 2-substituted quinoline o isoquinolinic core increase the leishmanicidal activity 

4.  Hydroxyl group in positions 3 and 4 of the aromatic ring is essential for activity. 
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1H, 13C NMR and MS spectra 
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Dose-response curve for some compounds: 

 

 

 


