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A B S T R A C T   

Spin label electron paramagnetic resonance (EPR) spectroscopy was used to study the mechanisms of action of 
ivermectin and curcumin against Leishmania (L.) amazonensis promastigotes. EPR spectra showed that treatment 
of the parasites with both compounds results in plasma membrane rigidity due to oxidative processes. With the 
IC50 and EPR measurements for assays using different parasite concentrations, estimations could be made for the 
membrane-water partition coefficient (KM/W), and the concentration of the compound in the membrane (cm50) 
and in the aqueous phase (cw50), which inhibits cell growth by 50%. The KM/W values indicated that ivermectin 
has a greater affinity than curcumin for the parasite membrane. Therefore, the activity of ivermectin was higher 
for experiments with low cell concentrations, but for concentrations greater than 1.5 × 108 parasites/mL the 
compounds did not show significantly different results. The cm50 values indicated that the concentration of 
compound in the membrane leading to growth inhibition or membrane alteration is approximately 1 M for both 
ivermectin and curcumin. This high membrane concentration suggests that many ivermectin molecules per 
chlorine channel are needed to cause an increase in chlorine ion influx.   

1. Introduction 

The leishmaniases are a group of tropical neglected diseases caused 
by more than 20 species of the protozoan parasite Leishmania. According 
to the World Health Organization (WHO) [1], the leishmaniases are 
endemic in 98 countries around the world, with more than 1 billion 
people living in these endemic areas and that are at risk of infection. 
Each year there are around 30,000 new cases of visceral leishmaniasis 
and over 1 million new cases of cutaneous leishmaniasis [1]. In Brazil, 
Leishmania (Viannia) braziliensis and Leishmania (Leishmania) ama
zonensis are considered the most epidemiologically relevant species, 
both of which manifest as cutaneous leishmaniasis [2]. The typical 
treatments for leishmaniasis involve pentavalent antimonials, ampho
tericin B, miltefosine, and paromomycin [2]; however these have high 
toxicity and require long treatment duration, in addition there has been 
an emergence of drug resistance [3]. Drug repositioning is a favorable 
option in the search for new antileishmanial treatments due to the fact 
that the discovery of new drugs is a long and expensive process [4]. 

Ivermectin is a broad-spectrum drug used for the treatment of 
parasitic diseases including head lice, scabies, river blindness (oncho
cerciasis), and ascaris lumbricoides [5,6]. Oral use of ivermectin in 

humans is FDA-approved for the treatment of intestinal strongyloidiasis 
and onchocerciasis, while its topical use is FDA-approved to treat 
external parasites like lice and for skin conditions like rosacea [7]. In 
Brazil, ivermectin is approved for anti-parasitic use in humans under 
medical prescription (ANVISA Registration No. 1039201670020, 
Authorization 1003923, Process 25351.217020/2010-23, Validity 11/ 
01/2025). In addition, ivermectin is a drug widely used in veterinary 
medicine [7]. Under experimental conditions, ivermectin has been re
ported to have antiparasitic activity against leishmaniasis [4], 
trypanosomiasis [8,9], and malaria [10]. Ivermectin activates 
glutamate-gated chloride channels in the parasite, resulting in chloride 
ion influx and plasma membrane hyperpolarization [11–13]. In recent 
years, an increasing number of studies have indicated that ivermectin 
may have wide use in the treatment of different types of cancer, but the 
mechanisms of this anti-cancer activity remain unclear [13–15]. Inter
estingly, several studies have shown that ivermectin increases intracel
lular reactive oxygen species (ROS) production and alters mitochondrial 
membrane potential [4,6,13–15]. For example, it has been shown that 
ivermectin selectively kills chronic myeloid leukemia cells by causing 
mitochondrial dysfunction and inducing oxidative stress [14]. Normal 
cells appear to have a greater ability to cope with ROS-generating 
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compounds than cancer cells, and thus, cancer cells are likely prefer
entially targeted and killed by these compounds [16,17]. 

Curcumin is a diferuloylmethane, which is the major yellow bioac
tive component of turmeric (Curcuma longa), a member of the ginger 
family, Zingiberaceae. Curcumin has demonstrated a broad spectrum of 
biological action, including in vitro leishmanicidal activity [18–20]. The 
molecule is well tolerated in humans, but its low oral bioavailability is a 
disadvantage that limits its use as a potential chemotherapeutic agent 
[21]. It is documented that curcumin is a scavenger of ROS, such as the 
hydroxyl radical and superoxide anion, and has been shown to inhibit 
lipid peroxidation [22]. On the other hand, curcumin induces hyper
production of ROS in several species of Leishmania [19–21]. The 
resulting oxidative stress is associated with mitochondrial membrane 
depolarization, which may cause lipid peroxidation and apoptosis-like 
death [19]. 

Electron paramagnetic resonance (EPR) spectroscopy associated 
with the spin label method has been shown to be the technique of choice 
to study molecular dynamics in biological membranes. This technique 
has already been used to investigate the interactions of antileishmanial 
compounds, for which the mechanisms of action were not elucidated, 
with the plasma membrane of the parasite. Miltefosine has been shown 
to cause remarkable increases in membrane fluidity, acting mainly on 
the membrane protein component [23–25], while terpenes, such as 
nerolidol, also increase fluidity, they appear to act on the lipid compo
nent [26,27]. After treatment with amphotericin B, membrane rigidity 
occurs due to the interactions of the spin labels with the hydrophobic 
surface of the putative aggregates formed by the drug [28,29]. Lip
operoxidation and protein oxidation also cause membrane rigidity, but 
their effects are easily discernible from those caused by the physical 
presence of drugs in the membrane. Whereas the effects caused by the 
drug are observed soon after addition, the effects caused by oxidative 
stress increase significantly with the incubation period. 

Recently, it has been reported that several ROS-forming leishmani
cidal compounds cause cell membrane rigidity. It has been shown that 
the treatment of L. amazonensis promastigotes with chalcone [30], 
β-carboline-oxazoline [31,32], and other isoxazoles [33] derivatives 
cause rigidity of the plasma membrane due to oxidative stress. 
Furthermore, in Trypanosoma cruzi, a parasite of the same family as 
Leishmania, treatment with sesquiterpene (− )-elatol caused membrane 
rigidity [34]. Interestingly, for all these compounds, antiparasitic ac
tivity was associated with ROS formation, increased superoxide anion 
production, and mitochondrial membrane depolarization. 

Given the fact that ivermectin causes an increase in the influx of 
chlorine ion, thereby increasing the formation of intracellular ROS and 
causing the depolarization of the mitochondrial membrane, this suggests 
that other leishmanicidal compounds that also produce these intracel
lular effects in the parasite could have a primary action on the plasma 
membrane by altering its electrolyte permeation. Since other ROS- 
forming compounds, such as the chalcone [30] and β-carboline-oxazo
line derivatives [31,32], have already been shown to cause membrane 
rigidity in Leishmania parasites, in the current study we investigate 
whether ivermectin, as well as curcumin, likewise cause membrane ri
gidity in the L. amazonensis parasite. In addition, we used a methodology 
described in previous works [24,25,27,29–32] to assess the membrane- 
water partition coefficient of the compounds, as well as their membrane 
concentrations that inhibit 50% of the parasite growth. These biophys
ical parameters allowed us to analyze the affinities that ivermectin and 
curcumin have for the parasite membrane and in what amounts they 
accumulate in the membrane to exert their activities. 

2. Materials and methods 

2.1. Chemicals 

Ivermectin (CAS number: 70,288-86-7, MW: 875.09 g/mol, purity 
>90%), curcumin from Curcuma longa (Turmeric) (CAS number: 458- 

37-7, MW: 368.38 g/mol, purity >65%), Grace's insect medium, L- 
glutamine, penicillin G, streptomycin, hygromycin B, 3-(4,5-dime
thylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), and 5-doxyl 
stearic acid (5-DSA) were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). Heat-inactivated fetal bovine serum (FCS) was purchased 
from Corning Life Sciences (NY, USA). 

2.2. Parasite cells 

Leishmania (Leishmania) amazonensis (MHOM/BR/75/Josefa) refer
ence strain was cultured in the promastigote form in 24-well culture 
plates containing 2 mL Grace's insect medium supplemented with 20% 
FCS, 100 U/mL penicillin G, 100 μg/mL streptomycin, and 2 mM L- 
glutamine, at 26 ◦C, in anaerobic conditions as previously described 
[27–30]. Parasites in the stationary phase of growth (6th day of culture), 
according to previously published data [23–26], were used in the assays. 

2.3. In vitro assays of antiproliferative activity 

In 96-well culture plates, L. amazonensis promastigotes (at either 1 ×
107, 1 × 108, or 5 × 108 parasites/mL in Grace's medium supplemented 
with 10% FCS) were treated with increasing concentrations of iver
mectin or curcumin in a total volume of 100 μL per well. After an in
cubation period of 24 h at 26 ◦C, cell viability was assessed based on the 
conversion of water-soluble MTT to formazan by viable mitochondria, 
after a period of 2–5 h in the dark, as described by other works [23–30]. 
The percentage of viable cells for each compound concentration was 
determined by the absorbance of formazan at 540 nm and the half- 
maximal inhibitory concentration (IC50) values of ivermectin and cur
cumin were then determined by fitting a sigmoid curve to the 
concentration-response data [29,30]. 

2.4. EPR spectroscopy 

EPR experiments were performed similar to the antiproliferative 
assays, but with samples containing a higher number of parasites (~1 ×
108/sample). L. amazonensis promastigotes were diluted in Grace's me
dium in 24-well culture plates (final cell concentrations of 2 × 107, 5 ×
107, 1.5 × 108, 5 × 108, and 1.25 × 109 parasites/mL). The concen
trations of ivermectin or curcumin used ranged between 10 and 500 μM. 
After 24 h of incubation at 26 ◦C the cells were centrifuged at 1800 ×g 
for 10 min, the supernatant was discarded and the cells were resus
pended in 50 μL of phosphate-buffered saline (PBS). For the spin labeling 
of the plasma membrane, first a film of the spin label 5-DSA was pre
pared at the bottom of a glass tube using a 1 μL aliquot of the 5-DSA 
dissolved in ethanol (4 mg/mL). After evaporation of the solvent, the 
cells (1 × 108 parasites suspended in 50 μL PBS) were added to the spin 
label film and the test tube was gently stirred. The cell suspension was 
introduced into a 1-mm-i.d. capillary tube, which was flame sealed. 
Before measuring the EPR, the capillary was centrifuged at 15000 ×g for 
5 min to improve the signal-to-noise ratio. 

The EMX-Plus spectrometer from Bruker (Rheinstetten, Germany) 
was used to record the EPR spectra, operating in the following instru
mental configurations: microwave power, 10 mW; microwave fre
quency, 9.452 GHz; modulation frequency, 100 kHz; modulation 
amplitude, 1.0G; magnetic field sweep, 100G; scan time, 168 s; and 
sample temperature, 25 ◦C. 

2.5. Data processing 

Each experiment was conducted at least three independent times and 
the data are expressed as mean and standard deviation. A one-way 
analysis of variance (ANOVA) with Tukey's test was used to identify 
significant differences (P < 0.05) between means among the different 
treatments. 
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3. Results 

3.1. Ivermectin and curcumin cause plasma membrane rigidity in the 
parasite 

Fig. 1 shows the EPR spectra of the lipid spin label 5-DSA inserted in 
the plasma membrane of L. amazonensis promastigotes for untreated 
samples and samples treated with different concentrations of ivermectin 
and curcumin. With the increase in the concentration of the compounds, 
a gradual increase in the EPR 2A// parameter is observed, indicating 
remarkable reductions in membrane fluidity. For 24-h assays using a 
parasite concentration of 5 × 107 per mL, the presence of 10 μM iver
mectin or 20 μM curcumin in the culture medium was sufficient to 
produce an increase in 2A// above the experimental error of 0.5 G 
(Fig. 1a and b). Using an incubation period of only 4 h, the effects of the 
compounds were reduced, requiring higher concentrations of the com
pounds for the membrane rigidity effects to be observed (Fig. 1c). By 
increasing the concentration of cells used in the assay by 5 times (1.25 ×

109 parasites/mL) the concentrations of compounds needed to observe 
membrane changes were also much higher (Fig. 1d). 

3.2. EPR results correlate with antiproliferative effects 

The IC50 values of ivermectin and curcumin for L. amazonensis pro
mastigotes were dependent on the cell concentration used in the MTT 
assay (Table 1). Table 1 also presents the minimum concentrations of 
ivermectin and curcumin required for an observable change in the EPR 
spectra of 5-DSA. For different cell concentrations, the EPR measure
ments were performed at different concentrations of compounds to find 
the lowest compound concentration that caused an increase in 2A// 
greater than 0.5 G, its experimental error. With the increase in cell 
concentration used in the assay, there was a significant increase in the 
compound concentrations that led to the antiproliferative and mem
brane effects. 

In this work, we used curcumin obtained from Sigma, which has a 
purity content of 65% (concentrations were calculated based on this 

Fig. 1. EPR spectra of spin label 5-DSA in the plasma mem
brane of Leishmania amazonensis promastigotes for samples of 
different concentrations of ivermectin (IVE) and curcumin 
(CUR). To the right of each spectrum are the values of the EPR 
parameter 2A// (outer hyperfine splitting), which is the mag
netic field separation between the first peak and the last 
inverted peak of the spectrum. The * represents values of 2A// 
with a difference greater than 0.5 G (estimated experimental 
error) in relation to the control value. Panel (c) shows EPR 
spectra for treatments of 4 h and panel (d) shows EPR spectra 
for experiments with the highest concentration of cells used. In 
all EPR spectra the total scan range of the magnetic field was 
100 G (X axis), and the intensity is in arbitrary units (Y axis).   
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curcumin content). Das et al. (2008) [19] evaluated the activity of 
curcumin obtained from Sigma against promastigotes of L. donovani and 
found a 50% reduction in cell viability at a curcumin concentration of 
approximately 25 μM. This result is similar to the IC50 value of 20.2 ±
8.4 μM (Table 1) for L. amazonensis promastigotes at a cell concentration 
of 1 × 107 cells/mL. 

These data for different concentrations of the parasite allowed us to 
obtain three important biophysical parameters associated with the 
plasma membrane, which are: the membrane-water partition coeffi
cient, KM/W, and the concentrations of the compounds in the aqueous 
phase, cw50, and in the membrane, cm50. 

The dependence of IC50 values on assay cell concentration occurs 
because hydrophobic molecules accumulate in the cell membrane in 
high concentrations, making their distribution in the suspension inho
mogeneous. For samples that are diluted or have low cell concentrations, 
the amount of membrane in the suspension is negligible and the drug 
concentration in the suspension is practically equal to that of the 
aqueous medium. But when the cell concentration of the sample is high, 
a substantial fraction of the compound goes to the membrane so that its 
concentration in the aqueous phase is much lower than in the suspen
sion. The equation that describes the variation of IC50 with cell con
centration has previously been reported [28,29], and it is as follows: 

IC50 =

[
(Vmc. cc)

− 1
+ KM/W

(Vmc. cc)
− 1

+ 1

]

cw50 (1) 

Vmc is the estimated cell membrane volume for the L. amazonensis 
promastigote (8.17 × 10− 13 mL) [24] and cc is the number of cells per 
mL. As the biophysical parameters KM/W and cw50 are covariant in Eq. 
(1), they can be determined by fitting the curve provided by this equa
tion to experimental data of IC50 versus cc. Furthermore, as KM/W =

cw50/cm50, the cm50 value can be determined. In order to obtain the 
biophysical parameters the IC50 and EPR data shown in Table 1 were 
plotted for the different cell concentrations (Fig. 2). The best-fit curves 
shown in Fig. 2 were obtained using Eq. (1) and from these curves the 
best-fit parameters were determined. The curves on the EPR data were 
also obtained using Eq. (1), where the dependent variable IC50 can be 
replaced by CEPR, representing the compound concentration for an EPR- 
detectable change, and the best-fit parameters cw50 and cm50 can be 
denoted by cwEPR and cmEPR, respectively. 

The biophysical parameters obtained are shown in Table 2. Inter
estingly, the parameters obtained from the IC50 values were essentially 
the same as those obtained from the EPR data. These results suggest that 
the antiproliferative effects of the studied compounds are associated 
with the plasma membrane rigidity of the parasite. From the KM/W 
values it can be inferred that the membrane affinity of ivermectin is 
much higher than that of curcumin. However, the membrane compound 
concentration leading to 50% inhibition of parasite growth (cw50) did 

not differ significantly for ivermectin and curcumin. This parameter also 
indicated that a very high membrane compound concentration of 
approximately 1 M is required for growth inhibition or membrane 
alteration. 

For diluted samples, the cw50 values of the compounds indicated that 
ivermectin is much more efficient than curcumin in inhibiting parasite 
growth. However, for assays with higher cell concentrations (>1.5 × 108 

parasites/mL) the IC50 or CEPR values do not differ significantly (Fig. 2 
and Table 1). This result shows that for low cell concentrations the 
higher membrane affinity of ivermectin provides an advantage, but this 
advantage disappears for assays with higher cell concentrations. It is 
important to consider that experiments with higher cell concentrations 
are more physiologically relevant since throughout the human body the 
cellular concentrations are high. 

Table 1 
IC50 values and minimum concentration for an EPR-detectable membrane 
change for ivermectin and curcumin at different concentrations of 
L. amazonensis promastigotes used in the assay.  

[Cell] (1 × 108 cells/mL) Ivermectin Curcumin 

IC50 (μM) 
0.1 8.1 ± 3.2 (A)a 20.2 ± 8.4 (A) 
1 19.3 ± 3.9 (B) 31.5 ± 11.5 (A) 
5 73.4 ± 22.2 (C) 81.9 ± 30.2 (B)  

EPR (μM) 
0.2 9.9 ± 2.2 (A) 18.2 ± 7.4 (A) 
0.5 13.4 ± 3.6 (A) 22.8 ± 8.9 (A) 
1.5 28.1 ± 3.5 (B) 35.1 ± 11.8 (A) 
5 82.7 ± 15.8 (C) 70.7 ± 26.5 (B) 
12.5 240.8 ± 50.5 (D) 208.6 ± 83.7 (C)  

a Statistical significance: for each data set in each column, means indicated 
with same capital letter are not significantly different at P < 0.05. 

Fig. 2. IC50 values and minimum compound concentration for an observable 
plasma membrane change detected by EPR for ivermectin (IVE) and curcumin 
(CUR) in the different assay concentrations of L. amazonensis promastigotes 
(CEPR). The EPR curves indicate concentrations of ivermectin and curcumin 
necessary to cause a change in the 2A// parameter of 5-DSA (~0.5 G). The best- 
fit curves shown are based on Eq. (1). 

Table 2 
Biophysical parameters KM/W, cw50, and cm50 calculated from interactions of 
ivermectin and curcumin with the plasma membranes of L. amazonensis 
promastigotes.  

Compound KM/W (104)a Log KM/W cw50 (μM) cm50 (M) 

Ivermectin 15.1 ± 1.5 (A)b 5.18 6.5 ± 0.5 (A) 0.98 ± 0.12 (A) 
Curcumin 5.5 ± 0.8 (B) 4.74 18.8 ± 0.9 (B) 1.03 ± 0.15 (A) 
Chalconec 10.2 ± 0.9 5.01 6.8 ± 1.6 0.69 ± 0.19  

EPR    
cwEPR (μM) cmEPR (M) 

Ivermectin 19.6 ± 4.0 (A) 5.29 6.3 ± 1.0 (A) 1.23 ± 0.32 (A) 
Curcumin 6.2 ± 1.2 (B) 4.79 15.7 ± 1.8 (B) 0.98 ± 0.22 (A)  

a Best-fit parameters obtained by fitting of Eq. (1) to the experimental data 
from Fig. 2. 

b Statistical significance: in each column, data indicated with same capital 
letter are not significantly different at P < 0.05. 

c Data from previous work with a chalcone derivative [30] are shown for 
comparison. 
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4. Discussion 

It is well known that with an augmented production of the mito
chondrial superoxide anion, other ROS and lipid oxidation products are 
formed during the peroxidation of ω-6 polyunsaturated fatty acids 
(PUFAs) (linoleic, γ-linolenic, and arachidonic acid) [35–37]. 
Throughout the subsequent chain of free radical reactions, the formation 
of several reactive aldehydes occurs and, among these lipid peroxidation 
products, 4-hydroxy-2-nonenal (4-HNE) represents one of the most 
bioactive and well-studied lipid alkenals [37,38]. 4-HNE covalently 
modifies phosphatidylethanolamine (PE) to form different 4-HNE-PE 
adducts, being responsible for increasing the permeability of sodium 
ions in the membrane [37]. As an amphiphilic compound, 4-HNE tends 
to concentrate on biomembranes where it can react not only with PE, but 
also with membrane proteins, such as transporters, ion channels, and 
receptors [39]. Protein conformational changes mediated by 4-HNE are 
usually attributed to their capacity to modify molecules by binding 
covalently to Cys, Lys, and His residues of protein [37,39–41]. Although 
it has been shown that 4-HNE does little to change the fluidity of lipid 
bilayer of liposomes made from Escherichia coli lipid [40], it was recently 
reported [42] that treatment of L. amazonensis promastigotes with 4- 
HNE causes membrane rigidity in the parasite to such an intense de
gree as shown here for ivermectin and curcumin, likewise for the chal
cone [30] and β-carboline-oxazoline [31,32] derivatives of other 
studies. Furthermore, the EPR spectra of the parasite treated with 4-HNE 
were very similar to those presented here for the two studied 
compounds. 

The degree of membrane rigidity caused by the treatment of the 
parasite with ivermectin or curcumin was very high, suggesting the 
involvement of cross-linking formation between membrane proteins. 
Similar EPR spectra of spin label 5-DSA inserted into plasma membrane 
were observed for erythrocytes oxidized with hydrogen peroxide in a 
phosphate buffer with azide, a catalase inhibitor [43]. Through treat
ment of erythrocytes with 200 μM H2O2, the parameter 2A// reached 
values close to 60 G, showing a large increase of ~4 G [43]. Further
more, it has been shown by Snyder and coauthors (1985) that, under this 
treatment condition, hydrogen peroxide induces the formation of cross- 
linking between hemoglobin and human erythrocyte skeletal proteins 
[44]. Spin label EPR spectroscopy has been demonstrated as an impor
tant method to detect the occurrence of lipid and protein peroxidation in 
biological membranes [45,46]. Cross-linking between lipids, as well as 
intra- and inter-membrane protein binding, leads to membrane rigidity 
[44]. In model membranes the changes due to lipid peroxidation are 
generally minor [40], but in cell membranes, increases in the 2A// 
parameter of up to ~2 G have been observed after lipid peroxidation 
[45,46], and increases of up to ~5 G have been observed when cross- 
linking occurs between membrane proteins [44]. 

The octanol-water partition coefficient (Log PO/W) for ivermectin 
and curcumin have been reported to be 3.57 [47] and 3.22 [48], 
respectively. The fact that the Log KM/W values for ivermectin and cur
cumin found here are much higher (5.18 and 4.74, Table 2) indicates 
that these compounds have much greater affinities for the Leishmania 
membrane than for octanol, and one of the reasons may be related to the 
interactions of these compounds with membrane proteins. 

Membrane-water partition coefficient measurements indicated that 
ivermectin has more affinity for the L. amazonensis membrane than 
curcumin, as deduced from the KM/W values (Table 2). For this reason, 
ivermectin showed greater activity than curcumin for assays with low 
cell concentrations (Fig. 2). However, this advantage disappeared for 
higher cell concentrations. From 1.5 × 108 parasites/mL, the two 
compounds did not show significant differences. For diluted samples the 
aqueous phase of the suspension has a large volume and a larger fraction 
of the compound with lower membrane affinity remains in the aqueous 
medium. Assays with higher cell concentrations are physiologically 
more relevant. For example, in blood the cell concentration is approxi
mately 5 × 109 cells/mL and thus there is a large volume of membrane 

where hydrophobic molecules can be incorporated. In an infected tissue, 
the cell concentration is also high, and it is important to consider that, 
regardless of the number of Leishmania parasites in relation to the cells of 
the tissue, the partitioning into the membrane will be similar to what 
was found in this work, assuming that the interstitial aqueous medium 
has properties similar to those of culture medium used in the assays. 
Thus, our results suggest that when the concentration of the compound 
in the interstitial fluid is equal to cw50 (Table 2), the expected concen
tration in the parasite membrane would be similar to the corresponding 
value of cm50. However, in the case of the amastigote form of the parasite 
inside the macrophage, the KM/W partition coefficient of each compound 
would depend on its affinity for the plasma membrane of the amastigote 
and on its interactions with the aqueous medium within the para
sitophorous vacuole. 

From the cm50 values the concentration of ivermectin or curcumin in 
the plasma membrane that inhibits parasite growth by 50% was deduced 
to be approximately 1 M (Table 2). Such a high concentration of iver
mectin in the membrane suggests that there are a large number of 
molecules available in the membrane to interact with chlorine channels. 
It is possible that many ivermectin molecules per chlorine channel are 
required to cause the increase in chlorine ion influx sufficient to 
compromise parasite growth. In addition, the fact that our results were 
found to be similar for ivermectin and curcumin, except for assays with 
low cell concentrations, suggests that the mechanisms of these com
pounds could also be similar. More studies would be needed to verify if 
curcumin interacts with an ion channel in the plasma membrane of the 
parasite and thus increase its passive ionic transport. An alteration in the 
cell's resting potential could cause a change in the mitochondrial 
membrane potential and thus lead to increased ROS production that has 
been observed for both of these compounds. 

5. Conclusions 

EPR spectroscopy showed that treatment of L. amazonensis promas
tigotes with ivermectin or curcumin causes plasma membrane rigidity 
due to oxidative stress. Ivermectin showed greater affinity for the 
parasite membrane than curcumin, which resulted in lower IC50 values 
for assays with low cell concentration. However, for higher cell con
centrations the compounds did not show significant differences. The 
concentrations of these compounds in the plasma membrane that led to 
a reduction in parasite growth or a change in the EPR spectrum were 
quite high (~1 M). For ivermectin this result suggests that many mole
cules per chlorine channel are required to generate an increase in ionic 
flux. For curcumin, further studies are needed to determine if it can 
sufficiently affect any of the ion channels of the parasite. This work also 
shows the therapeutic possibility of targeting uncontrolled ionic trans
port in the plasma membrane of Leishmania parasites. 
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