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Abstract

Cutaneous leishmaniasis and Chagas disease aoe-kente parasitic disease causing serious risks to
million people living in poverty-stricken areas. tBodiseases are a major health problem in Latin
America, and currently drugs for the effective tneant of these diseases have important concerns
related with efficacy or toxicity than need to lzElsessed.

We report herein the synthesis and biological @t (cytotoxicity, leishmanicidal and trypanodida
activities) of ten quinolone-hydrazone hybrids. Téieucture of the products was elucidated by
spectrometric analyses. The synthesized compowerds evaluated against amastigotes formd_of

(V) panamensisvhich is the most prevalehtishmaniaspecies in Colombia andtypanosoma cruzi
that is the major pathogenic species to humangtirim cytotoxicity was evaluated against human U-
937 macrophages.

Compounds6b, 6cand8 showed activity againdt. (V) panamensisvith EGso of 6.5 + 0.8ug/mL
(21.2uM), 0.8 = 0.Qug/mL (2.6 uM) and 3.4 + 0.ag/mL (11.1 uM), respectively, while compounds
6a and6c¢ had activity againstT. cruzi with EGy values of 1.4 + 0.pig/mL (4.8 puM) and 6.6 £ 0.3
png/mL (4.6 uM), respectively. Even compoufid showed better activity again$t cruzi than the
standard drug benznidazole with € 10.5 £ 1.8ug/mL (40.3 uM).

Analysis of the results obtained against leishnmasimdicates that antiparasite activity is relatethe

presence of 2-substituted quinoline (isoquinolicice) and the hydroxyl group in positions 3 and 4 o
the aromatic ring. Although the majority of thesempounds were highly cytotoxic, the antiparasite
activity was higher than cytotoxicity and therefotkey still have potential to be considered as hit

molecules for leishmanicidal and trypanocidal ddegelopment.

Keywords: leishmaniasis; Chagas disease; antiprotozoal gtieytotoxicity; quinoline; hydrazone;
hybrids



1. Introduction

Cutaneous leishmaniasis and Chagas disease arescalisiigh morbidity in several countries of
tropical and subtropical regions where these dese@asmain a significant health problem affecting
mainly people living in poverty-stricken areas. Batre considered by WHO as two of the 17 neglected
diseases due to lack of interest by the pharmaadutidustry to develop new or better drugs [1].
Cutaneous leishmaniasis involves a wide spectrunelinofcal manifestations, ranging from small
nodules, plaques or ulcers in the skin to severeosal tissue destruction affecting 1.2 — 1.5 millio
people around world every year. In the Americanareghe disease can be caused by various species of
Leishmaniathat include:L. panamensisL. braziliensis andL. guayanensigmembers of th&/iannia
subgenus) and.. mexicanaand L. amazonensifmembers of thd_eishmaniasubgenus).L. (V)
panamensiss one of the most prevalebheishmaniaspecies involved in human cases of cutaneous
leishmaniasis in Colombia. This protozoan parastdransmitted to humans through the bite of
phlebotominae sandflies of theitzomyiagenus [2]. On the other hand, Chagas disease falsed
American trypanosomiasis) affects around 10 milji@ople in Latin America. The disease is produced
by the protozoan parasiteypanosoma cruzhat is transmitted to the mammalian host throihghbite

of triatomine bugs belonging Mriatoma, RhodniuandPanstrongylugienus [3].

The current chemotherapies are based on old dpeggavalent antimonials (meglumine antimoniate
and sodium stibogluconate) for cutaneous leishnsen@ nitroaromatic compounds (benznidazole and
nifurtimox) for Chagas disease. However, all oftheave various toxic effects on the patients that a
associated with high doses and long therapeutierselh. Moreover, they are no longer as effective as
before due to the emergence of drug resistandeeipdrasite making the problem more complex [4-6].
A quinolinic core is a structural feature of seVéraactive compounds. Thus, this core is an irsiemg
constituent for new drugs design. Anti-mycobacteaati-microbial, anti-convulsant, anti-inflamagpr
anti-tumoral, cardiovascular but also leishmanicigad trypanocidal, are some biological activities
exhibited by compounds having this heteroaromatig f7-15]. On the other hand, hydrazones
constitute an important type of biologically actigempounds which have high ability to elicit an
leishmanicidal and trypanocidal activity [16-18]hus for example, the4-benzyloxy N",N’-
diethylbenzohydrazon@gure 1a) is one of the synthetic benzyloxy potéd hydrazone series with an
Inhibitory Concentration (I163) of 6.25 pg/mL (21uM) againgt) major promastigotes [19]. In turn,
the nitro derivative 1b (figure 1) exhibited ansd@alue lower than standard drugs pentamidine and
amphotericin B when tested @in) donovanipromastigotes [20]. Moreover, evaluationléf-pyrazole-
4-carbohydrazideslerivatives against(L) amazonensipromastigotes showed that the most active

compounds were those with X = Br, Y = pl@nd X = NQ, Y = CI (figures 1c and 1d) with §120.71
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pg/mL (50 uM) and 29.58 pg/mL (80 uM) respectivily]. Finally, hybrid compounds containing

hydrazones and benzofuroxan pharmacophores (fipfrshowed selective trypanocidal activity with
ICs50 6.80 pg/mL (19.8 uM) [22] while brazilizone A (tige 1f), a new potent trypanocydal prototype,
showed an Ig of 1.92 pg/mL (5.3 uM) [23].

The combination of two pharmacological agents mtsingle molecule, called hybrid molecule is an
emerging strategy in medicinal chemistry adidig discovery research [24,25]. These hybrid
molecules may display dual activity but do not rsseeily act on the same biological target [26-28].

the search for new therapeutic alternatives tot tceéaneous leishmaniasis and Chagas disease we
designed and synthesized a series of novel hydeazbaving quinoline cores and their cytotoxicity

and leishmanicidal and trypanocidal activitiesevevaluatedh vitro (figure 2).

2. Results and Discussion
2.1. Chemistry
Quinaldine 1) was oxidized with selenium oxide to produce thielayde2 in 80% vyield [29], which
was treated with iodine and methanol in basic swluaffording ester3 in 70% vyield [30]. Then,
compound3 was submitted to nucleophilic substitution with razine hydrate obtaining acylhydrazide
4 in 75% yield [31], that was coupled with differeamgdroxyaldehydes in agueous medium obtaining
hydrazone$a-6ein 40-85% yields [32]. The synthetic strategyusnsnarized in Scheme 1. With this
strategy we only perform modifications of aromatitg of the side chain in order to keep the two
pharmacological agents. Hydrazorves7d and8 were obtained following the same synthetic strnateg
starting from compounds 4-quinolinecarboxaldehydé soquinoline-1-carboxylic acid, respectively
(figure 3).
2.2. Biological activities

The effect of hydrazones on cell growth and vi&pilwas assessed in human macrophages (U937
cells) which are the host cells far (V) panamensiand T. cruziparasites. On the other hand, the
antiparasite activity of these compounds was testethtracellular amastigotes bf (V.) panamensis
and T. cruzi according to the ability of these compounds toucedthe amount of parasite inside
infected macrophages. Results are summarizeddle3 4 and 2.
All novel hydrazones with exception &€ and 7d, were highly cytotoxic to U937 cells showing 44&
100.0pg/mL (Table 1). Compoundd showed moderate cytotoxicity (k&> 100.0ug/mL, 347.3 uM)
while compound7c had no cytotoxicity (LG > 200 pg/mL, >650.8 pM). In turn, amphotericin B,

benznidazole and meglumine antimoniate showed Inigitlerate and no cytotoxicity, respectively.
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Compoundssb-6e 7a and 8 showed activity against intracellular amastigatéd.. (V) panamensis
with percentages of inhibition higher than 50% ahaentrations < 2@g/mL (Table 1). The most
active compounds wa8c inhibiting in 64% the amount of intracellular amgstes at 1.0ug/mL
followed by compound® with 62% of inhibition at 5.Qug/mL. Others compounds showed low activity
againstL. (V) panamensisntracellular amastigotes. As expected, amphateri® and meglumine
antimoniate, standar drugs to treat cutaneousnsiasis, demonstrated activity against intracatlul
amastigotes with percentages of inhibition > 7041%.05 and 10.Qg/mL, respectively.

On the other hand, only compoubd showed activity against intracellular amastigotésl ocruzj
inhibiting the amount of parasite in 50.4% at concaions lower than 10 pg/mL (Table 1).
Benznidazole, one of the standard drugs to treag&h disease was active against intracellular
amastigotes of . cruziinhibiting 87.6% of the parasite growth at&§mL.

The leishmanicidal and trypanocidal activities werenfirmed by determining the effective
concentration 50 (Efg) that corresponds to the concentration of drug gmees the half-maximal
reduction of the parasite growth (Table 2). Dospoase relationship showed that compoubiai§e
and8 were highly active against intracellular amasggoofL. (V) panamensiwith EGso < 20ug/mL.
The most active compound wés with an EGp of 0.8 £ 0.0ug/mL (2.6 uM), followed by6b with an
ECsp of 6.5 £ 0.8ug/mL (21.2 uM). As expected again, the leishmaricattugs amphotericin B and
meglumine antimoniate showed activity with low g@alues. In turn, compounds, 6¢ and7b were
active against intracellular amastigotestotruziwith EGsp of 1.4 + 0.3 (4.8 uM), 6.6 + 0.3 (4.6 uM)
and 20.8 = 0.5ug/mL (67.7 uM), respectively (Table 2). In thisseabenznidazole showed activity
with an EGg of 10.5 + 1.81g/mL (40.3 puM).

The leishmanicidal activity of hydrazonébk-6e and8 and trypanocidal activity of hydrazonéas, 6¢
and7b were higher than their cytotoxicity. Thus, the iBues calculated for these compounds ranged
from 2.6 to 4.7 in leishmanicidal compounds andnfr@.5 to 11.6 in trypanocidal compounds (Table
2). As demonstrated elsewhere, amphotericin Braeglumine antimoniate have very high IS values.
Although compound$c and 8 showed better activity than meglumine antimoniéte, IS of these
compounds is affected by their high cytotoxicityheBe results suggest that biological activity & th
hydrazones reported here is selective, being nuineeaagainst.. (V) panamensithan U937 cells. On
the other hand, only the trypanocidal activity gtlfazonesa was also higher than their cytotoxicity
with an IS value of 11.6.

According to the results obtained against leishaisj it is interesting to note that compounds \Rith
substituted quinoline or isoquinolinic cor@af6evs 8) are more active than those with 4-substituted

quinoline {a-7d). This higher activity could be due to a possibiechanism of action for these
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compounds as iron chelators. In this mechanism, eamplexes with the nitrogen atom in hydrazone
and with the oxygen atom in the carbonyl group [&3Jour case, we consider that iron complexes with
the 2-substituted quinolone or isoquinolinic niteaginstead of complexing with the oxygen in the
carbonyl group because nitrogen is more basic. nibde of action of iron chelators have been
reported for hydrazones in other protozoan disef®gs Studiesin vitro have shown that chelating
agents are able to inhibit parasite growth andiferaktion by deprivation of iron, which is an essah
nutrient for cell growth and division [35].
Other possible mechanisms of action for these comg® may be formulated in terms of conjugated
addition of nucleophilic amino acid residueesent in target enzymes dfeishmaniae.g. such
cysteine proteases [36], in a Michael additiori].[An electrophilic conjugated system could be
generated from o-hydroxybenzylideNeacylhydrazone framework due to the ability of thystem to
be converted into an electrophilic quinone ndghintermediate through a pericyclic rearrangamen
[38]. This mechanism has been reported fdrerot,-unsaturated compounds such as lactones,
chromones and cinnamic acid esters [39-41].
Results of the present work suggest that the hydlignoup in the positions 3 and 4 in the aromatigr
is determinant for the activity. The importancetbis position may be due to the best molecular
recognition ability towards target bioreceptorsfeyming hydrogen bonds [42].
3. Conclusions
The synthesis, leishmanicidal and trypanocidal esareg of 10 quinoline-hydrazone hybrids are
reported. Three of them were active againsfV) panamensigb, 6cand8) and two of them against
T. cruzi (6a and 6¢) with EGs, values lower than 1Qug/mL, being6b and 6a the most active
compounds fot.. (V) panamensiandT. cruzj respectively. The antiparasite activity and thledivity
showed by these compounds suggest that they haeatiad as templates for drugs development
against these parasites. The presence of 2-subdtiguinoline or isoquinolinic core and hydroxyl
group in positions 3 and 4 of the aromatic ringéase the leishmanicidal activity.
4. Experimental Section
4.1. Chemical Synthesis
4.1.1. General Remarks

Synthesis of acylhydracides were carried out in\ Nbmestic oven adapted for the use of a reflux
condenser and magnetic stirrer at a constant pg#@®W). Hydrazones were synthesized in an
ultrasonic cleaner (BRANSON). NMR spectra were rded as DMSQls solutions on an AMX 300
instrument (Bruker, Billerica, MA, USA) operating 300 MHz for 1H and 75 MHz foiC. Chemical



shifts @) are expressed in ppm with the solvent peak aseefe and TMS as an internal standard,;
coupling constants (J) are given in Hertz (Hz). Higsolution mass spectra were recorded using
electrospray ionization mass spectrometry (ESI-MSRTOF Premier instrument with an orthogonal
Z-spray-electrospray interface (Waters, Manchest&tK) was used operating in the
W-mode. The drying and cone gas was nitrogen sébvo rates of 300 and 30 L/h, respectively.
Methanol sample solutions (ca. 1 x1®) were directly introduced into the ESI spectroeneat a
flow rate of 10 pL/min. A capillary voltage of 3k¥ was used in the positive scan mode, and the cone
voltage set tdJc = 10 V. For accurate mass measurements, a 2 stgfidard solution of leucine
enkephalin was introduced via the lock spray neatlli@ cone voltage set to 85 V and a flow rate of
30 uL/min. IR spectra were recorded on a Spectrum BX-IR system (Perkin-Elmer, Waltham, MA,
USA) in KBr disks. Silica gel 60 (0.063-0.200 mebterck, Whitehouse Station, NJ, USA) was used
for column chromatography, and precoated silicapyetes (Merck 60 F254 0.2 mm) were used for
thin layer chromatography (TLC).

4.1.1.1. Synthetic procedure for methyl quinolineaZboxylate preparatio3).
Quinoline-2-carbaldehyd2 (2g, 12.7 mmol) was dissolved in methanol (20 nand solutions of
KOH (32 mmol, 1.8 g) and iodine (16.5 mmol, 4)2 in MeOH (each 6 mL) were successively
added at 0°C. The mixture was stirred for a penbd5 minutes and then was concentrated on a
rotatory evaporator, and the residue was purifigccddumn chromatography over silica gel eluting
with hexane and a mixture of hexane-ethyl acet@ig (atio) to obtain the ester in 70% vyield (8.9
mmol, 1.7 g). Monitoring of the reaction progressl @roduct purification was carried out by TLC.
4.1.1.2. Synthetic procedure for quinoline-2-cagabhzide preparatiord:

To a solution of3 (1.5 g, 8.0 mmol) in ethanol (10 mL) was addedraythe monohydrate (16 mL of a
80% solution). The reaction mixture submitted t@nowvave irradiation and maintained under reflux
for 30 minutes. Then, the reaction mixture was pdwn ice and the resulting precipitate was filtered
out affording the title compound in 75% yield (6 wigil.1 g).

4.1.1.3. Synthetic procedure for hydrazones prejoara

A quinoline-2-carbohydrazidé (100 mg, 0.53 mmol) solution in water (2 mL) wsmicated for 2
minutes and then aldehy8&0.53 mmol) and acetic acid (0.1 mL) were addegpaise to the reaction
mixture. Upon completion of the reaction (20-30 )nithe product was filtered, sequentially washed
with water (20 mL) and ethyl ether (5 mL), driedviacuo and recrystallized from ethanol to obtaa th
corresponding hydrazones in yields ranging from 40%5%.
4.1.1.3.1N'-[(1E)-(2-hydroxyphenyl)methylidene]quinolinezdrbohydrazid€6a):



Yield 50% (0.265 mmol, 77.2 mg); light yellow sqlisl.p. 185-187°C; IR (citl): vmax3457 (Ar-OH),
3323 (N-H), 1700 (C=0), 1502 (C=N), 1482 (CzX 1268 ((C=0)-N), 775 (C-H). ‘H-NMR
(DMSO-dg): 6 6.90-6.99 (Ha, His, M), 7.33 (Hs, tapparentJ = 8.32 Hz), 7.55 (k}, dd,J = 7.74, 1.5 Hz),
7.75 (Hr, tapparentd = 7.60 HZz), 7.91 () tapparercd = 7.60 Hz), 8.10 (k) d,J = 8.14 Hz), 8.20 (b d,J =
8.52 Hz), 8.23 (k| d,J = 8.17 Hz), 8.61 (i d,J = 8.52 Hz), 8.89 (i, s), 11.35 (OH), 12.53 (NH).
3C-NMR (CDCE): § 116.94 (Gy), 119.07 (Gs), 119.54 (Gg), 119.96 (G), 128.63 (G), 128.98 (@),
129.46 (G7), 129.75 (@), 130.28 (G), 131.23 (G), 132.14 (Gs), 138.60 (G), 146.47 (G), 149.70
(Cu), 15057 (G, 158.01 (Gs), 161.22 (C=0). EIMS: m/z 292.1087
[M + H]", Calcd for G/H13N30,: 292.1086.
4.1.1.3.2. N'-[(1E)-(2,3-dihydroxyphenyl)methylid&gquinoline-2-carbohydrazidésb):
Yield 75% (0.40 mmol, 122.1 mg); light brown solMd,p. 205-207°C; IR (cf): vnax3382 (Ar-OH),
3289 (N-H), 1683 (C=0), 1503 (C=N), 1471 (Gg}¢ 1274 ((C=0)-N), 772 (C-K). *H-NMR
(DMSO-dg): & 6.77 (He, tapparentJ = 7.84 Hz), 6.89 (I, dd,J = 7.77, 1.0 Hz), 6.97 (H, dd,J = 7.77,
1.0 Hz), 7.77 (K tapparentd = 7.76 Hz), 7.93 (b tapparen J = 7.76 Hz), 8.13 (5l d,J = 8.10 Hz), 8.23
(Hs, Ho, d,J = 8.57 Hz), 8.63 (i d,J = 8.51 Hz), 8.90 (i, S), 9.22 (OH), 11.25 (OH), 12.54 (NH).
13C-NMR (CDCE): 8 118.0 (Go), 119.24 (Gs), 119.62 (G), 119.67 (Gg), 120.78 (G), 128.70 (G),
128.91 (G), 129.50 (G), 129.69 (@), 131.22 (@), 138.58 (G), 146.12 (G), 146.51 (Go), 146.73
(C1s), 149.86 (Gy), 151.24 (Gs), 161.05 (C=0). EIMSm/z308.1036 [M + H], Calcd for G7H1aNzOs:
308.1035.
4.1.1.3.3. N'-[(1E)-(2,4-dihydroxyphenyl)methylidggquinoline-2-carbohydrazidésc):
Yield 81% (0.43 mmol, 132.0 mg); yellow solid, M359-262°C; IR (cf): vmax3459 (Ar-OH), 3309
(N-H), 1675 (C=0), 1501 (C=N), 1431 (Cx{; 1225 ((C=0)-N), 770 (C-H). *H-NMR (DMSO-ds):
6 6.34 (Hq, d,J = 2.23 Hz), 6.39 (b, dd,J = 8.40, 2.23 Hz), 7.32 (4 d,J = 8.40 Hz), 7.74 (K
tapparent J = 8.0 HZz), 7.90 (k! tapparentJ = 8.0 Hz), 8.09 (sl d,J = 8.03 Hz), 8.18 (K d,J = 8.56 Hz),
8.22 (K, d,J = 8.83 Hz), 8.60 (i d,J = 8.60 Hz), 8.75 (K, s), 10.16 (OH), 11.55 (OH), 12.34 (NH).
3C-NMR (CDCh): 5 103.15 (Gs), 108.30 (Gg), 111.0 (Gy), 119.50 (@), 128.60 (G), 128.90 (Q),
129.40 (@), 129.73 (@), 131.20 (@), 132.19 (Gy), 138.56 (G), 146.50 (G), 149.90 (Go), 151.40
(C11), 160.10 (Gs), 160.83 (G3), 161.33 (C=0). EIMSm/z308.1039 [M + HJ, Calcd for GH13NsOs:
308.1035.
4.1.1.3.4N'-[(1E)-(2,5-dihydroxyphenyl)methylidene]quin@i2-carbohydrazid€6d):
Yield 47% (0.25 mmol, 76.5 mg); yellow solid, M229-232°C; IR (CT): vmax3418 (Ar-OH), 3307
(N-H), 1675 (C=0), 1505 (C=N), 1382 (C&{; 1257 ((C=0)-N), 774 (C-K). ‘H-NMR (DMSO-ds):
06.98 (H7, d,J=1.72 Hz), 6.75-6.79 (13, His, m), 7.76 (H, tapparencd = 7.52 HZz), 7.92 (b tapparent J
8



= 7.52 Hz), 8.12 (K d,J = 8.02 Hz), 8.18-8.26 (}1Hs, m), 8.63 (H, d,J = 8.54 Hz), 8.85 (H, s),
8.87 (OH), 9.02 (OH), 12.42 (NH).*®*C-NMR (CDCk): & 114.56 (Gy), 117.60 (Gs), 119.42 (G),
119.58 (G4, Ci17), 128.69 (G), 128.87 (G), 129.46 (G), 129.69 (@), 131.19 (G), 138.54 (G), 146.50
(C10), 149.98 (Gy), 150.37 (Gg), 150.88 (G3), 161.0 (C=0). EIMSm/z308.1037 [M + H], Calcd for
C17H13N305: 308.1035.
4.1.1.3.5N'-[(1E)-(2,3,4-trihydroxyphenyl)methylidene]qulime-2-carbohydrazid€6e):

Yield 60% (0.32 mmol, 102.8 mg); dark brown soldp. 219-221°C; IR (ci): vimax 3461 (Ar-OH,
N-H), 1636 (C=0), 1501 (C=N), 1480 (C&§; 1265 ((C=0)-N), 770 (C-K). ‘H-NMR (DMSO-ds): &
6.42 (Hse, d,J = 8.32 Hz), 6.79 (I, d,J = 8.32 Hz), 7.76 (1 tapparent = 7.40 HZz), 7.92 (B tapparent J
= 7.40 Hz), 8.12 (bl d,J = 8.02 Hz), 8.22 (b Hs, d,J = 8.43 Hz), 8.50 (OH), 8.62 ¢Hd,J = 8.60
Hz), 8.76 (Hy, s), 9.49 (OH), 11.59 (OH), 12.38 (NH)*C-NMR (CDCk): & 108.20 (Ge), 111.37
(C12), 119.60 (@), 121.88 (G7), 128.69 (G), 128.82 (@), 129.44 (G), 129.67 (G), 131.20 (G),
133.22 (G4), 138.55 (G), 146.53 (G), 148.13 (Gy), 149.40 (Go), 150.03 (Gs), 152.30 (G3), 160.72
(C=0). EIMS:m/z324.0988 [M + H], Calcd for G7H13N304: 324.0984.

4.1.1.3.6 N'-[(1E)-(2,3-dihydroxyphenyl)methylidene]quinaid-carbohydrazid€7a):

Yield 70% (0.371 mmol, 114.0 mg); brown solid, M263-267°C; IR (c): vinax3443 (Ar-OH), 3191
(N-H), 1654 (C=0), 1578 (C=N), 1471 (CxJ, 1283 ((C=0)-N), 724 (C-K). 'H-NMR (DMSO-t):
3 6.76 (Hs, tappareni J = 7.84 Hz), 6.89 (I, dd,J = 7.8, 1.3 Hz), 7.03 (H, dd,J = 7.8, 1.3 Hz), 7.74
(Hs, d,J = 4.2 Hz), 7.78-7.96 (i Hg, m), 8.13 (H, d,J = 8.4 Hz), 8.20 (Kl d,J = 8.2 Hz), 8.30 (OH),
8.52 (Hy, S), 9.04 (H, d,J = 4.4 Hz), 10.79 (OH), 12.34 (NHY*C-NMR (CDCk): & 119.20 (Gy),
119.82 (Gs), 120.16 (G), 120.32 (Gg), 124.61 (G7), 125.67 (G), 128.30 (G), 129.87 (G, Cy), 130.63
(Cs), 140.18 (G), 146.03 (G4), 148.30 (Go), 150.13 (Gy), 150.74 (G), 163.10 (G3), 168.76 (C=0).
EIMS: m/z308.1037 [M + H]J, Calcd for G7H13N3O3: 308.1035.

4.1.1.3.7. N'-[(1E)-(2,4-dihydroxyphenyl)methylid&gquinoline-4-carbohydrazidé’b):

Yield 60% (0.318 mmol, 97.7 mg); yellow solid, M350-254°C; IR (CIT): vmax3381 (Ar-OH), 2856
(N-H), 1632 (C=0), 1509 (C=N), 1466 (Cx{; 1235 ((C=0)-N), 762 (C-H). ‘H-NMR (DMSO-ds):
3 6.35 (Hy4, d,J=1.6 Hz), 6.38 (kt, dd,J = 8.5, 1.6 Hz), 7.36 (H, d,J=8.5Hz), 7.71 (k d,J = 4.2
Hz), 7.77-7.89 (K Hg, m), 8.12 (K, d,J = 8.4 Hz), 8.19 (bl d,J = 7.6 Hz), 8.42 (I, S), 9.02 (H, d,
J = 4.2 Hz), 11.26 (OH), 12.22 (NH}*C-NMR (CDCk): & 103.1 (G4), 108.40 (Ge), 110.82 (G),
120.10 (G), 124.70 (G), 125.61 (G), 128.22 (G), 129.83 (G), 130.57 (G), 131.76 (G7), 140.36 (G),
148.31 (Gg), 150.36 (Gy), 150.71 (@), 159.95 (Gs), 161.49 (Gg), 162.76 (C=0). EIMS:m/z
308.1035 [M + H], Calcd for G7H13N3O3: 308.1035.

4.1.1.3.8. N'-[(1E)-(2,5-dihydroxyphenyl)methylidggquinoline-4-carbohydrazidérc):



Yield 62% (0.329 mmol, 101.0 mg); light brown sglM.p. 270-276°C; IR (ci): vmax3442 (Ar-OH),
3339 (N-H), 1661 (C=0), 1585 (C=N), 1466 (G5 1226 ((C=0)-N), 765 (C-H). 'H-NMR
(DMSO-s): 8 6.77 (Ha, His, Sapparent, 7.05 (H7, S), 7.72 (H, d,J = 4.4 Hz), 7.78-7.89 (H Hs, m),
8.12 (M, d,J = 8.5 Hz), 8.19 (i d,J = 8.3 Hz), 8.27 (OH), 8.49 (i s), 9.03 (H, d,J = 4.4 Hz),
10.22 (OH), 12.30 (NH)*C-NMR (CDCE): & 117.64 (Gy), 119.43 (G4, C17), 119.90 (Gs), 120.14
(Cs), 124.60 (), 125.71 (G), 128.22 (@), 129.93 (@), 130.60 (G), 140.36 (G), 148.33 (Gy), 148.65
(C10), 150.36 (Gg), 150.73 (G), 163.10 (Gs), 168.83 (C=0). EIMSm/z308.1034 [M + H], Calcd for
C17H13N303: 308.1035.
4.1.1.3.9. N'-[(1E)-(2,3,4-trihydroxyphenyl)metla@ne]quinoline-4-carbohydrazid&d):
Yield 85% (0.450 mmol, 145.6 mg); light yellow shliM.p. 285-286°C; IR (ciM): vimax3496 (Ar-OH),
3190 (N-H), 1652 (C=0), 1517 (C=N), 1465 (Gg}; 1250 ((C=0)-N), 797 (C-K). *H-NMR
(DMSO-0g): 6 6.42 (He, d,J = 8.6 Hz), 6.84 (k}, d,J = 8.6 Hz), 7.73 (bl d,J = 4.3 Hz), 7.79-7.89
(H7, Hg, m), 8.12 (H, d,J = 8.4 Hz), 8.16 (OH), 8.20 ¢1d,J = 8.4 Hz), 8.38 (ki, S), 8.74 (OH), 9.04
(Hy, d,J = 4.3 Hz), 11.21 (OH), 12.26 (NH)*C-NMR (CDCk): § 108.3 (G-), 111.16 (G), 120.15
(C12), 121.72 (Ge), 124.70 (G), 125.71 (G), 128.20 (@), 129.91 (G), 130.60 (G), 133.2 (Gy),
140.31 (G), 148.0 (Go), 149.52 (Gy), 150.74 (Gs), 151.45 (G), 162.73 (G3), 168.25 (C=0). EIMS:
m/z324.0983 [M + H]J, Calcd for G/H13N30;4: 324.0984.
4.1.1.3.10. N'-[(1E)-(2,4-dihydroxyphenyl)methyfidésoquinoline-1-carbohydrazid@):
Yield 65% (0.345 mmol, 105.9 mg); yellow solid, Mp60-263°C; IR (CAT): Vmax 3461 (Ar-OH),
3268 (N-H), 1665 (C=0), 1511 (C=N), 1460 (GglC 1200 ((C=0)-N), 750 (C-K). *H-NMR
(DMSO-dg): 6 6.38 (Ha, His, M), 7.29 (H7, d,J = 8.90 Hz), 7.77 (K ddd,J = 8.30, 7.07, 1.13 Hz),
7.86 (H, ddd,J = 8.30, 707, 1.13 Hz), 8.09 {HHs dapparent J = 8.03 Hz), 8.61 (K Hi1, M), 8.91 (H,
d,J = 8.51 Hz), 10.16 (OH), 11.55 (OH), 12.34 (NEC-NMR (CDCh): 5 103.19 (G4), 108.27 (Go),
110.94 (Go), 124.31 (G), 126.28 (Go), 126.72 (@), 127.75 (G), 129.21 (@), 131.35 (G), 131.86
(C17), 137.03 (@), 141.39 (G), 150.41 (G), 150.60 (Gy), 160.06 (Gs), 161.42 (Gs), 165.50 (C=0).
EIMS: m/z308.1035 [M + HJ, Calcd for G7H13N30s: 308.1035.
4.2. Biological Activity Assays
The compounds were subjected to evaluationnofitro cytotoxicity on U937 human cells and
leishmanicidal and trypanocidal activities on ictbular amastigotes df. (V) panamensisand T.
cruzi.
4.2.1.In vitro cytotoxicity

The cytotoxic activity of the compounds was assktssased on the viability of the human

promonocytic cell line U937 (ATCC CRL-1593) evaluated by the MTT3¢(4,5-dimethylthiazol-2-
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yl)-2,5-diphenyltetrazolium bromijieassay following the metodology described previpy43]. In
brief, cells were grown in 96-well cell-culture des at a concentration of 100,000 cells/mL in RPMI-
1640 supplemented with 10% FBS and the correspgrmbincentrations of the compounds, starting at
200 pg/mL in duplicate. The cells were incubated@87atC with 5% CQfor 72 h in the presence of the
compounds and then the effect of the compoundsdetsrmined by measuring the activity of the
mitochondrial dehydrogenase by adding 10 pL/weMaTT solution (0.5 mg/mL) and incubating at 37
°C for 3h. The reaction was stopped by adding 1DQvgll of 50% isopropanol solution with 10%
sodium dodecyl sulfate and incubating for 30 miell @iability was determined based on the quantity
of formazan produced according to the intensitycofor (absorbance) that registered as optical
densities (O.D) obtained at 570 nm in a ELISA reauate (Bio-Rad, Hercules, CA, USA). Cultured
cells in the absence of compounds were used agotaoit viability (negative control), while
meglumine antimoniate and amphotericin B were uaedcontrol for cytotoxicity (negative and
positive controls, respectively). Assays were pentd in two independent assays with three repkcate
per each concentration tested.
4.2.2.In vitro leishmanicidal activity

The activity of compounds was evaluated on inttatsl amastigotes ot. (V) panamensis
transfected with the green fluorescent protein ddfteOM/CO/87/UAL140pIR-GFP) [44]. The effect
of each compound was determined according to thiition of the infection evidenced by both
decrease of the infected cells and decrease atwitular parasite load. Briefly, U-937 human celia
concentration of 3 x P0ocells/mL in RPMI 1640 and 0.jig/mL of PMA (phorbol-12-myristate-13-
acetate) were infected with promastigotes in statip phase growth in a 15:1 parasites per cel rati
and incubated at 34 °C and 5% £for 3 h. Cells were washed two times with phosphatffer
solution (PBS) to eliminate not internalized patesi Fresh RPMI 1640 1 mL was added and cells
were incubated during 24 h to guarantee multigheaof intracellular parasites.
After 24 h of infection, the culture medium was lesgd by fresh culture medium containing each
compound at concentrations g@/mL or lower, (based on the cytotoxicity showedyously by each
compound). After 72 h, the inhibition of the infiect progress was determined. Cells were removed
from the bottom plate with a trypsin/EDTA (250 nmeplution. Recovered cells were centrifuged at
1100 rpm during 10 min at 4 °C, the supernatant evssarded and cells were washed with 1 mL of
cold PBS and centrifuged at 1100 rpm during 10 atid °C. The supernatant was discarded and cells
were suspended in 5Q4L of PBS and analyzed by flow cytometry (FC 500MRElytomics, Brea, CA,
US) counting 20.000 events. All determinations dach compound and standard drugs were carried

out in triplicate, in two independent experimer3,[45]. Activity of tested compounds was carriedl o
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in parallel with infection progress in culture maai alone and in culture medium with amphotericin B
and meglumine antimoniate as leishmanicidal drygssitive controls). Compounds that showed
growing percentages of inhibition higher than 50P2@ or lessug/mL were then evaluated at four
additional concentrations to determine the efiectioncentration 50 (Eg). Here, infected cells were
exposed against each concentration of synthesimegh@unds 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 amastigoftds cruzi, Tulahuen strain transfected wigh
galactosidase gene (donated by Dr. F. S. Buckneielsity of Washington) [45]. The activity was
determined according to the ability of the compotmdeduce the infection of U-937 cells Bbycruzi
Similar to the procedure described previously, ttiyganocidalactivity was initially screened at unique
concentration < 20 mg/ml. Briefly, 106L of U-937 human cells at a concentration of 2.30¢
cells/mL in RPMI-1640, 10% SFB and Ou/mL of PMA were placed in each well of 96-wells
microplate and then infected with log phase groegimastigotes in 5:1 (parasites per cell) ratio and
incubated at 34°C, 5% GQOAfter 24 hours of incubation, 2@/mL of each compound were added to
infected cells. After 72h of incubation, the effeaft all compounds on viability of intracellular
amastigotes was determined measuring fgalactosidase activity by spectrophotometry adding
each well 10uM CPRG and 0.1% nonidet P-40. After 3h of inculbratislates were read at 570 nm in
a spectrophotometer (Varioskan™ Flash Multimoded@ea Thermo Scientific, USA) and intensity of
color (absorbance) was registered as optical dess{D.D). Compounds that showed inhibition
percentages higher than 50% were evaluated agdwouatconcentrations selected according to the
LCsp previously obtained for each compound. Infectells oexposed to benznidazol were used as
control for trypanocidalactivity (positive control) while infected cell@dubated in culture medium
alone were used as control for infection (negatetrol). Non-specific absorbance was corrected by
subtracting absorbance (O.D) of the blank. Deteatioms were done by triplicate in at least two
independent experiments [46].
4.2.4. Statistical Analysis

Cytotoxicity was determined according to viabiliynd mortality percentages obtained for each
isolated experiment (compounds, amphotericin B,lumeigpe antimoniate and culture medium alone).
The results were expressed as 50 lethal concemisa{lLGg) that corresponds to the concentration
necessary to eliminate 50% of cells and calculaie@robit analysis [47]. Percentage of viabilitysva
calculated by Equation 1, where the O.D of contotyesponds to 100% of viability. In turn, mortgli

percentage corresponds to 100%—% viability:
12



% Viability = (O.D Exposed cells) / (O.D Controllisg x 100 (2)

The degree of toxicity was graded according to ltkgo value using the following scale: high
cytotoxicity: LGso < 100pg/mL; moderate cytotoxicity: L > 100 to < 200ug/mL and potentially
non-cytotoxicity: LGo> 200ug/mL.

Leishmanicidal activity was determined accordinghte percentage of infected cells and parasite
load obtained for each experimental condition lbwfcytometry. The percentage of infected cells was
determined as the number of positive events by léoflilborescence (green for parasites and red for
cells) using dotplot analysis. On the other hahd,garasitic load was determined by analysis ofrmea
fluorescence intensity (MFI) of fluorescent paresif43]. The parasite inhibition was calculated by
equation 2, where the MFI of control, corresporal4@0% of parasites. In turn, inhibition percentage
corresponds to 100% — % Parasites. Results of nheisltidal activity were expressed as sEC
determined by the Probit method [47]:

% Parasite = (MFI Exposed parasites) / (MFI Corpariasites) x 100 (2)

Similarly, trypanocidal activity was determined ating to the percentage of infected cells and
parasite load obtained for each experimental comdiby colorimetry. The parasite inhibition was
calculated by equation 3, where the O.D of cortastesponds to 100% of parasites. In turn, inlahiti
percentage corresponds to 100% — % Parasites.tRe$utypanocidal activity were also expressed as
ECsp determined by the Probit method [47]:

% Parasite = (O.D Exposed parasites) / (O.D Coptrmdsites) x 100 3)

The leishmanicidal or trypanocidal activitieere graded according to the &alue using the
following scale: High activity: E€ < 20 ug/mL, moderate activity: Efg > 20 to < 50ug/mL;
potentially non activity: E€> 100pug/mL.

The selectivity index (Sl), was calculated by dinglthe cytotoxic activity and the leishmanicidal
or trypanocidal activity using the following fornaulSI = Clsy/CEso. Cytotoxic compound: L§<100
png/mL.
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Figure and Scheme legends

Figure 1. Structures of some hydrazones with antiprotozotivigy.
Figure 2. Design of quinoline-hydrazone hybrids as antipro&dagents.
Figure 3. 4-quinoline and isoquinoline hydrazone derivatives

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

Cytotoxicity Inhibition intracellular amastigotes

Compound (LCso) ® growth (%)
L.(V) _ T. cruz
panamensis
6a 16.3 + 2.2, 56.0 16.8 + 5.0° 50.4 + 1.4
6b 30.6 + 5.3, 99.6 75.7+ 14.7 31.0+ 2.0°
6¢c 3.6+0.3,11.7 64.7 + 5.6 415 + 6.0
6d 48.9 + 3.8, 159.1 64.0 + 8.2 24,0+ 3.0
6e 71.5+4.5,221.2 68.2.+ 2.7 36.1+ 1.6
7a 14.6 + 1.0, 47.5 474+ 1.7 27.4+32
7b 10.6.+ 2.1, 34.5 6.4+ 1.2 277+ 1.7
7c >200.0, >650.8 26.1 + 37 20.7+ 3.6’
7d 112.2 + 4.0, 347.3 21.3+38 15.7+0.8
8 8.8+ 1.5,28.6 62.6 + 7.8 24.1+ 3.7
Meglumine 495.9 + 55,6 79.4 + 2.1 NA?
antimoniate
Amphotericin B 42.1 + 2.0, 45.6 76.0 + 3.0 NA¢
Benznidazole 179.0 + 4.2, 687.7 NAY 87.6+ 8.4

Data represent mean value +/- standard deviafidoCso: Lethal Concentration 50 in
ng/mL, uM; ° Dose employe@0 pg/mL; ¢ Dose employed: 10 pg/mE;Dose employed:
5.0 ug/mL; ® Dose employed: 1.Qug/mL; " Dose employed: 0.051g/mL; ¢ NA: Not
applicable.



Table 2. Dose-response antileishmanial and antitrypanosaotadities of

hydrazones and selectivity

Compound ECs0? ISP
Antileishmanial

6b 6.5+0.8,21.2 4.7
6¢ 0.8+0.0,2.6 4.5
6d 37.2+3.7,121.1 2.8
6e 154 +25,47.6 4.6

8 3.4+06,11.1 2.6
Meglumine antimoniate 6.3+£0.9 78.6
Amphotericin B 0.04 +£0.01, 0.04 1052.5
Antitrypanosomal

6a 14+0.3,4.8 11.6
6¢ 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 denjét®Cse: Effective Concentration
50 inpg/mL, pM,; b |S: Index of Selectivity = L&/ EGso.
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'H, *C NMR and MS spectra

125 120 115 1.0 105 100 95

80000

— 16120
— 15800
15057
“anse
1647
— 13859

75000
70000
65000
-60000
+s5000
+-s0000
Fa5000
40000
+35000
+30000
F25000
20000
+15000

f f F10000

|
‘ l l 5000
" "

I

~-5000

175 170 165 160 155 150 145 140 135 130 125 120 115 1}0( 10% 100 95 90 85 80 75 70 65 60 55 50 45 40
1 (ppm

prem_mc_0641 56 (0.605) Cm (49:63) 1: TOF MS ES+
292.1087 1.74e4

1023 314.0911
g:l
m/z

240 260 280 300 320 340 360 380 400

e



12.0 115 i1.0 105 10.0 8.5 9.0 8.5 8.0

16106
13856

SNy 1N S

T T T T T T T T T T T T T T T T T T T T T T T T
175 170 165 160 155 150 145 140 135 130 125 120 115 lfllu( 10)5 100 95 90 85 80 75 70 65 60 55 50 45
ppm

prem_mc_0643 74 (0.798) Cm (70:75) 1: TOF MS ES+
308.1036 2.17ed
100
*‘% |
Ot miz

220 240 260 280 300 320 340 360 380 400 420

60000

55000

-50000

45000

40000

135000

-30000

25000

20000

15000

10000

5000

o

5000



f240
| 220
il [ [ I Lzuu

[ | i F180
160
140
t120

100

U o
=3 BEEE % &2 F20
—— T T r T T T T T T T T T T T r T T T T
2.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 7.5 7.0 5 6.0 55 5.0 4.5 4.0 35 3.0 2.5
f1 (ppm)

34000

—138.54
119.49
—11101
—108.31
103.14

32000

30000

-28000

26000

24000

22000

3

|

L'ZEI[IDEI
LIBDBD
16000
ri4000
LIZDDD
10000
8000

6000

4000
3

{2000
|

o

0

2000

—

175 170 165 160 155 150 145 140 135 130 125 120 115 11f[|{'1ﬂ5} 100 95 90 85 80 75 70 65 60 55 50 45 40 35
1 (ppm

prem_mc_0642 60 (0.647) Cm (52:62) 1: TOF MS ES+
308.1039 491e3

10
&=
0 1 | | Ly

e e e e miz

240 260 280 300 320 340 360 380




|
Fi ; ‘ Fas0
|

300

200
150

+100

1.00=

2474

bttt

101

7.5 z0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25
1 (ppm)

120 115 110 105 10,0 9.5 9.0 8.5 8.0

{55000

[~50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

175 170 165 160 155 150 145 140 135 130 125 120 115 l}D( 105) 100 95 90 85 80 75 70 65 60 55 50 45 40
1 (ppm

prem_mc 0644 78 (0.840) Cm (78:96) 1: TOF MS ES+
10 308.1037 3.05e3
0% 330.0854
W2
0 J""I""w""|""|"'L|"'"|"f"l|""|""'|d""'l'|'1'!‘H"W'J'J"""l'"!Jf'"" miz

260 280 300 320 340 360 380

=-5000



350

{300

-250

+200

150

100

12.5 12.0 11.5 11.0 10.5 10.0

16071
— 11136
—108.20

;13000
112000
;IIUUU
.»lﬂﬂﬂﬂ
:E[IEID
:EDHD
s

7000
;SUUU
LSDDD

4000

3000

2000
{
1 1 -.
1000
o

1000

175 170 165 160 155 150 145 140 135 130 125 120 115 1f1Elr IU? 100 95 90 85 80
1 (ppm

prem_mc_0646 53 (0.574) Cm (53:63)
100 324.0988

LIS
0
260 280 300 320 340 360

75 7 65 60 55 50 45 40 35

1: TOF MS ES+

1.43e4

miz
380 400 420 440



210
‘*200
190
180
170
(160
150
[-140
[-130
120
r110

(100

“N
N HO
= OH
N
0.4
I
0.3 |
( |
02 | I‘ | | I
| | | [
0.1 ‘ Il ‘ | | |
Il M
0.0 | Hool |1
T T T T T T
125 120 115 110 105 100
f1 (ppm}
| b L FANEIN 8
& i ey
120 115 1.0 105 100 95 9.0 85 80 75 7 5 60 55 50 45 40 35 30 25
1 (ppm)
g 8 é L3000
T il N1 NA |
+12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
o
1000
léU I;U 16'0 15'0 1';0 13“0 IZ‘U 11‘0 1ELU B‘U B‘D 7‘0 5‘0 S‘U 4ID
f1 (ppm)
prem_mc_0636 120 (1.294) Cm (106:124) 1: TOF MS ES+
308.1037 .
100 5.62e3
.
0 m/z

240 260 280 300 320 340 360 380



T T T T T
125 12.0 11.5 11.0 105
f1 (ppm)

e

099
L7
108-%
te0—
2037
Lo0-—3
062 ==

125 120 11.5 11.0 105 100 9.5

16275
14035

15070
15035
~-148.30
12445

Siedd

i

— 12010

0 | js—=

—11081

—103.08

TN [T R

175 170 165 160 155 150 145 140 135 130 125 120 115 1}1[IE 1I]5) 100 9 90 85 80
ppm

prem_mc_0633 24 (0.261) Cm (19:25)
308.1036

10
=
0

32000

30000

1-28000

26000

24000

22000

20000

18000

16000

14000

12000

~10000

8000

6000

4000

2000

1: TOF MS ES+

1.67e4

i1
LA L

L e

175 200 225 250 275 300 325 350 375 400 425 450 475 500

LI I

T

T T

———— Mz

[120

[i10

[-100

[40




OH

MW i “ ‘

T
10.5

T T T T T
125 12.0 11.5 11.0 10.0
1 (ppm)

093
LB

230
220
210
200
~190
180
170
160
150
140
130

u 081-=
4 o=

T T T T T T
12.5 12.0 1.5 110 10.5 10.0 9.5

15881
15306

15071

15035
14864
14832
14035

N

+12000

11000

10000

o000

8000

7000

6000

15000

4000

13000

2000

1000

o

1000

180 170 160 150 140 130 110 100
f1 (ppm)

1: TOF MS ES+

prem_mc_0637 71 (0.766) Cm (65:77)
2.43e4

10 308.1034

3‘?

+-rr+--rrrre e e P e e e MYz

240 260 280 300 320 340 360 380



250
/
|
| |
; |
]
10 | "\ |‘| {1 200
| L b |
0.5
F50
MMWM
25 120 15 110 105 100
1 (ppm)
F100
Fso
f\i__ML,U
125 120 115 110 105 100 95 90 85 fl(;;sm) 65 60 55 58 45 40 35 30 25
é E ; ;g 35000
30000
25000
20000
15000
10000
5000
+o
Iéﬂ 170 lé[l II5EI 140 1:;0 IZIEI fllép?pm) IDIEI 90 80 70 E‘[I 50 40
prem_mc_0638 51 (0.548) Cm (47:52) 1: TOF MS ES+
10 324.0983 2.79e4
# -
OZLrrerprrrprrrrr TR miz
260 280 300 320 340 360 380 400 420 440 460



F1300

| | ‘ Liz00
f [i r ‘ ‘ | iﬁ " | 1100
Il \ ‘ Fiano
Loao
Fsa0

700

200

400

[EEIEI

200

b u

—100

103
200-=
208
112
T
~z
100
208

8.0 7.5 70 6.5 6.0 F5] 5.0 4.5 4.0 3.5 30
f1 (ppm)

—14138
1094
—108.26
10317

2800

2600
2400
2200
2000
1800
| h 1600

1400
riz200
rioo0

800

600

ossrihebessmmin Y-

=200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
175 170 165 160 155 150 145 140 135 130 125 120 115 llfg ( IUS) 100 95 90 85 80 75 70 65 60 55 50 45 40
ppm

prem_mc_0635 89 (0.959) Cm (87:91) 1: TOF MS ES+
10 308.1038 1.17e4

o
s

O T T e R e e e e e e M2
240 260 280 300 320 340 360 380 400



Dose-response curve for some compounds:

0.0

100
1005 100+
ob 6¢ 6d
S04 S04 S04
z E £
E 604 T 60 § 604
s E 5
= 404 = 404 = 404
3 s F
204 20 204
= - : ] i 0 ; . . . 0 : : . ;
10 05 0o 05 10 15 =0 A -1 AN 0.0 05 00 05 10 15 20
Concentration Concentration Concentration
100-
100- 6 8 w,  Amphotericin B
€ 804
804 B0
2." GU_ L]
T 604 604
=
2 w “ e
2
: 20- 201 204
. 0 : : , . + . 0 - . . r .z
A% 08  Ob: 0% Ip: i 20 15 -10 05 00 05 10 25 20 15 10 0%
Concentration Concentration

Concentration



