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Abstract: Malaria represents a major health problem worldwide, affecting around 198 million people in 2016
according to WHO database. For decades, anti-malarial drug therapy has been used in the battle against this
disease and its uncontrolled usage in endemic areas has developed the appearance of the drug resistance. Thus,
it has emerged the necessity of finding new treatments that could be used as an alternative cure to malaria
infection. The aim of this work was the evaluation of two photo-excitable compounds: Compound 1, which
is (2E)-3-(4-dimethylamino-phenyl)-1-(4-imidazol-1-yl-phenyl)prop-2-en-1-one) and Compound 2, (1E.4E)-
1-[4-(dimethylamino)phenyl]-5-(4-methoxyphenyl)-1,4-pentadiene-3-one) as possible anti-malaria drugs with
Plasmodium berghei ANKA strain in BALB/c mice as murine model. Cytotoxicity effect was evaluated by a
cell proliferation by colorimetry assay (MTS); and the drug incorporation into the parasite was assessed in vitro
with Indirect Immunofluorescence Assay (IFA) to determine the localization of the drugs into the parasitized red
blood cells (RBCs). Finally, the curative effect of compounds no-radiation (fundamental state) and ration drugs
were evaluated by oral drug administration of this drugs in BALB/c mice and chloroquine was used as positive
control. This curative effect was determined daily by the parasitemia percentage. The results showed that both
compounds were cytotoxic in fundamental state. Furthermore, cytotoxic effect was increased after radiation into
the Solar Simulator, and compound 2 was more cytotoxic than compound 1. Curative assays showed that both
compounds in fundamental state were non effective as anti-malarial drug. However, in the curative assays in the
mice treated with compound 2, when this was ration showed a survival rate of 33 % and a parasitemia percent-
age decrease in compare to compound 1. Although the compounds did not show a similar or better anti-malarial
effect than Chloroquine, Compound 2 presented certain anti-malarial effect after solar radiation. Rev. Biol. Trop.
66(2): 880-891. Epub 2018 June 01.

Key words: Plasmodium berghei; solar radiation; cytotoxicity; antimalarial compound.

Malaria research remains as one of the
priorities for the improvement of public health
around the world. World Health Organization
(WHO) reported in 2016 around 198 mil-
lion cases worldwide and 4.3 million deaths,
even though the increased in prevention mea-
sures had accomplished the reduction of the
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mortality in a 58 % in in children under 5 years.
The population living in the sub-African region
is the most affected by this disease accounting
for 90 % of the cases reported. Malaria cases
worldwide seem to increase with time due to
the raising transmission risk in endemic areas,
where sanitary control is deficient allowing
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expansion through the diverse media transport
available in the modern day (Winter et al.,
2008; WHO, 2016).

Malaria is cause by protozoa parasites of
the genus Plasmodium, and Plasmodium ber-
ghei is a murine strain which causes malaria
in rodents (Jambou, El-Assaad, Combes, &
Grau, 2011; Knell, 1991). Rodent Plasmodium
berghei ANKA model validity has been previ-
ously reported for human cerebral malaria,
primarily due to the ease of handling and main-
taining rats and mice in the laboratory. Also
large-scale sequencing projects have generated
a substantial information allowing the genetic
comparison between P. falciparum and P. ber-
ghei where many protein motifs and signatures
were identified as being conserved between
the species (Carlton, Silva, & Hall, 2013). It is
always important to consider the right combi-
nation of the experimental animal host and the
malaria parasite able to mimic the patterns seen
in the human pathologies, as it is impossible to
obtain a detailed examination of the multiple
disease’s processes in clinical trials, especially
at an early stage of the drug evaluation (Craig
et al., 2012). To study the curative effect of the
compounds this rodent model was chosen as a
good malarial experimental model.

Antimalarial drugs can be classified
according to their action on particular stages
of the life-cycle of the parasite. The cat-
egories are: Causal prophylactic drugs (act
on the pre-erythrocytic forms); Gametocytoci-
dal drugs (act on gametocytes); Sporontocidal
drugs (inhibit the sporogonic phase of devel-
opment of the parasite in the mosquito) and
last Schizontocidal drugs (act on the asexual
erythrocytic forms of all species of malaria
parasites). Chloroquine (CIQ) is a Schizonto-
cidal drug, which has a strong and rapid for the
treatment and prevention of clinical symptoms
(Bruce-Chwatt, 1962).

Recently there are various difficulties
regarding the developing of new antimalarial
drugs, like cost, toxicity and drug resistance;
nonetheless it has been considered globally the
importance of finding new ways to improve
antimalarial treatments (Hsu , 2006). Between

1975 and 1999 around 1400 new antimalarial
drugs were registered worldwide, although
only a few of them were considered as “ade-
quate drugs” for the efficient control of malaria
(Wongsrichanalai & Meshnick, 2008). Chloro-
quine being one of them, has been used for more
than 50 years as malaria treatment, which made
its resistance appeared in a slow and a progres-
sive manner (Abdi, Gustafsson, Ericsson, &
Hellgren, 1995; Cooper & Magwereb, 2007).
When treatment with an antimalarial drug has
been administered but still results in an incom-
plete clearance of parasites from the patient’s
blood is called drug resistance. Resistance has
emerged to almost all antimalarial drugs except
the artemisinins causing an increase in malaria-
related mortality (White, 2004).

The compounds derived from the chalcone
nucleus, which incorporate electron-donating
substituents in benzene rings, have interesting
biological activity as antioxidants, anticancer,
antifungal and antituberculosis (Liu, Wilairat,
Croft, Tan, & Go, 2003; Satyanarayana, Tiwari,
Tripathi, Srivastava, & Pratap, 2004). In partic-
ular, the 3- (4-methoxy-phenyl) -1- (4-pyrrol-
1-yl-phenyl) prop-2-en-1-one compound has
activity against Plasmodium falciparum (Ono
et al., 2007; Reddy et al., 2008).

The experimental compounds have been
previously characterized as photosensitizer,
which are light-sensitive molecules. Photo-tox-
icity induced by drug administration is triggered
by sunlight exposure and occurs as the result of
an hydrogen or electron transfer; a process
which leads to the formation of free radicals
capable of reacting directly with biomolecules
in the environment or with molecular oxygen to
form various Reactive Oxygen Species (ROS)
(Baptista & Wainwright, 2011; Seto et al.,
2011). The ROS output through photosensitizer
mechanism involve the transference of energy
through chromophores to oxygen molecules.
Previous studies have reported evidence of
the mechanism of action of ROS which trig-
gered different physiological and pathological
responses in the organisms (Lavi, Shainberg,
Shneyvays, Hochauser, & Isaac, 2010). In this
study we evaluated the antimalarial effect of
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two photo-excitable compounds in a murine
model in vivo, assessed their cytotoxicity in
vitro and observed the incorporation of the
compounds though Indirect Immunofluores-
cence Assay (IFA). This compounds were eval-
uated as antimarial drugs, because in previous
assays they presented hemolysis effect on red
blood cell (RBC).

MATERIALS AND METHODS

Malaria Parasite: Plasmodium berghei
ANKA strain was used as experimental mice
model. The adults female BALB/c mice (Mus
musculus) from 10 weeks of age and 22 g
of weight were inoculated with 200 pl cryo-
preserved blood with parasitized red blood
cells (RBCs) stored with 20 % glycerol at
-80 °C. After, the parasite challenges were
administered by intravenous injection of five
thousand PRBCs.

Isolation of parasitized RBCs: Three
adult female BALB /c mice with 10 weeks
of age and 22 g of weight were infected with
5x103 parasitized red blood cells (RBCs) of
Plasmodium berghei ANKA strain intraperi-
tonially (IP). When parasitemia reached 40 %,
parasitized RBCs were isolated by a cellulose
column (CF-11 (Sigma), using NaCl 0.85 %
solution). The trophozoites and schizonts were
isolated by a discontinuous Percoll column (60,
70 and 80 % gradient in ascendant form) pre-
viously described by Spencer, Quintana, and
Hidalgo (2008).

Incorporation of experimental com-
pounds in fundamental state and photo-
products in Short-term in vitro cultures of P.
berghei: The Compound 1: (2E)-3-(4-dimeth-
ylamino-phenyl)-1-(4-imidazol-1-yl-phenyl)
prop-2-en-1-one) (C1), which has been report-
ed its anti-malarica activity in its fundamental
state (Zhang, Guo, Lin, & Benet, 1999); and
Compound 2:(1E,4E)-1-[4-(dimethylamino)
phenyl]-5-(4-methoxyphenyl)-1,4-pentadiene-
3-one) (C2). The compounds derived from
Curcumin, in a more stable monocarbonic

structural version, are identified with substi-
tuted dibenzylidene ketone structures, which
are associated with the structure of compound
C2 (Das et al., 2007). These compounds were
donated by Prof. Nieves Canudas from Pho-
tochemistry and Photobiology Laboratory at
Universidad Simon Bolivar, Venezuela and
they were prepared by Claisen-Schmidt con-
densation under basic condition in the Organic
Synthesis Laboratory at Universidad Simon
Bolivar (USB) (Ono et al., 2007). The com-
pounds were solubilized previously in PBS
with 10 % Dimethyl sulfoxide (DMSO). Then,
5 x 10° /150 pl of parasitized RBCs and 5x10°
/5 ul healthy RBCs were added to culture plates
containing MEM (Minimum Essential Media
Eagle, Sigma) supplemented with Bovine Fetal
Serum (BFS) 10 %; non-essential amino acids
1 %; glutamine 1 % and penicillin/streptomy-
cin 1 %. Later one experimental compound
was added per culture plate (Chloroquine,
Compound 1 or Compound 2) at 100 ug/ul.
Culture plates were incubated for 1 hr at 37 °C
(5 % CO,). Later culture samples were taken at
15, 30 and 60 min, and acetone-fixed onto IFA
commercial slides to be stored at -20 °C until
further use (Spencer et al., 2008). In order to
the irradiation experiment, the same procedure
was followed. However, before the incubation,
the plates were irradiated in a Solar Simulator
(Luzchem Research, Inc) at 1 500 Foot-Can-
dles (FC) for 5 minutes. Fluorescence images
were observed by fluorescence microscopy.
Excitation wavelengths were selected at 490
nm to FITC and 372 nm to DAPL

Absorption and Fluorescente measure-
ments: All the solvents (spectroscopic grade)
were used without purification, and none on
them showed absorption or residual fluores-
cence at the wavelengths of interest. The solu-
tions (1x10°® M) were deoxygenated by N,
bubbling. UV-vis absorption spectra were
recorded on a Cary 50 UV-Vis spectropho-
tometer. Steady-state fluorescence emission
and excitation spectra were measured using a
Varian Cary Eclipse Spectrofluorimeter. The
fluorescence spectra were corrected for the
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wavelength response of the system. Fluores-
cence quantum yields were obtained using
fluorescein and Rhodamine B as standards
(Williams, Winfield, & Miller, 1983).

Production of Antibodies: Polyclonal
antibodies against C1, C2 and CIQ were gener-
ated by immunizing of three groups of adult
female BALB/c mice from 10 weeks of age and
22 g of weight with 200 ul cryopreserved blood
with parasitized red blood cells (RBCs) (stored
with 20 % glycerol at -80 °C), were used in
groups of 5 animals. When parasitemia reached
40 %, blood was collected without anticoagu-
lant and the sera obtained was stored at -20 °C
until further use (Spencer-Valero et al., 1998;
Moll et al., 2003).

Indirect Immunofluorescence Assay
(IFA): The IFA was carried out at room tem-
perature in a moist chamber. Schizont of P.
berghei were acetone-fixed preparations were
incubated for 1 hr at 37 °C (5 % CO,) with
primary antibody (serum from immunized mice
diluted in PBS 1:100), the negative control
was incubated with serum from unimmunized
mice and PBS. After incubation, slides were
washed in PBS. Later, the preparations were
incubated for 1 hr in fluorescein isothiocyanate
(FITC)-conjugated anti-mouse immunoglobu-
lin G (IgG) (Sigma) (diluted in PBS 1:1000),
and washed again in PBS. After addition of
mounting medium (Santa Cruz Biotechnology,
Santa Cruz®), the preparations were exam-
ined with a fluorescence microscope (600X)
(Harlow & Lane, 1988). In some cases, the
preparations were treated further with 25 pg/ml
4’,6-diamidino- 2-phenylindole hydrochloride
(DAPI) (Sigma) in PBS for 5 min to visualize
both immunofluorescence and DAPI-stained
parasite nuclei. The immunofluorescence sam-
ples were posteriorly analyzed with Optika-
View7 software.

Drug treatment study with experimental
compounds in fundamental / no irradiation
and irradiation: A group of 12 female BALB
/c mice (22 g of weight) was IP inoculated with

5x10° P. berghei parasitized-erythrocytes. The
drugs (20 mg/kg Chloroquine, 20 mg/kg Com-
pound 1 and 20 mg/kg Compound 2 in funda-
mental state for a 20 g of mouse weight) were
orally administered 72 hours post-inoculation
during 4 days, using a metylcellulose (1 %) and
Tween 80 (0.5 %) as vehicle. For treatments
with compounds with irradiation, mice were
submitted each day after drug administration,
to a 1 500 FC irradiation in a Solar Simula-
tor (Luzchem Research, Inc) for 5 min. The
dorsal area of mice was shaved 24 h previous
the first day of drug administration for better
exposure of the blood vessels. Parasitemia was
monitored daily smears made from tail blood
fixed with absolute methanol and Giemsa’s
reagent. Finally the smears were examined by
light microscopy (100X). All animal experi-
mentation was approved by the Ethical Review
board of USB.

Cell Proliferation Assay: A colorimetric
method for determining the cytotoxicity of
(2E)-3-(4-dimethylamino-phenyl)-1-(4-imid-
azol-1-yl-phenyl) prop-2-en-1-one) and (1E,
4E)-1-[4-(dimethylamino)  phenyl]-5-(4-
methoxyphenyl)-1, 4-pentadiene-3-one) using
Chloroquine as positive control. 10> VERO
cells were obtained from culture plates by
trypsinization process described previously by
Abrahamsen and Lorens (2013) and the added
to a 96-well culture plate with supplemented
MEM (Minimum Essential Medium Eagle,
Sigma) and different concentration (0.5, 1, 5,
10 and 20 pg/ml) of experimental compounds
Cl1, C2 and CIQ. The plate was incubated at
37 °C for 72 hours in a humidified, 5 % CO2
atmosphere. After incubation, MTS was added
to the culture wells and the absorbance at 490
nm was measure at different times (0, 1, 2 h)
using a 96-well plate reader (CellTiter 96®
Aqueous, Promega, U.S.A, 2013). The cell
proliferation assay with the compounds with
irritation followed the same procedure. Before
the 72 h incubation; the culture plate (with
only the compounds) was irradiated in a Solar
Simulator (Luzchem Research, Inc) at 1500
FC for 5 min. After the irradiation de medium
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was added followed by the VERO cells and
the reduction in absorbance at 490 nm for the
treated and untreated control cultures was mea-
sured and compared.

RESULTS

Two compounds (C1 and C2) were evalu-
ated as anti-malarial drugs and compared to
ClQ. These compounds were irradiated to
photo-excite them for 5 minutes in a solar
simulator as explained in the materials and
methods section. For IFA, cytotoxicity and
cure assays with P. berghei in BALB/c mice. In
addition, these are 99 % pure in their synthesis
and are fluorescent in lipophilic medium and
photo-hemolytic on human erythrocytes. Other
authors have reported the biological activ-
ity as anti-plasmodium of these compounds in
fundamental state on cultures of P. falciparum
(Aher et al., 2011).

The antimalarial drugs used for this study
were (2E)-3-(4-dimethylamino-phenyl)-1-(4-
imidazol-1-yl-phenyl) prop-2-en-1-one) (Cl1)
and (1E,4E)-1-[4-(dimethylamino) phenyl]-
5-(4-methoxyphenyl)-1,4-pentadiene-3-one)
(C2). The Chloroquine (CIQ) as a posited con-
trol of cure assays (Fig. 1).

In the figure 2, we showed the immune flu-
oresce patron at 30 minutes to C1, C2 and CIQ.

Q /
Q

v

Compound 1

In the panel 2A and 2B. In all the treatments
can see the compounds inside the PRBCs and
this was indicated with the arrows.

In order to know if the fluorescent pattern
was not an artifact, we performed a DAPI stain
to see the nuclei of parasites into the PRBC
(Fig. 3). In figure 3 could observed that each
compounds had interaction with PRBC and
however the intensity of fluorescence pattern
was increased in the region of the cell mem-
brane of the parasitized erythrocyte. This effect
was observed to C1, C2 and CIQ compounds,
and the fluoresce pattern were every similar to
15, 30 and 60 minutes (data not shown to 15
and 30 minutes).

In figure 4, we showed the cytotoxic effect
of the compounds evaluated in cell cultures
with VERO cells and determined by a colo-
rimetric method from Promega, as explained
above in the materials and methods section.
The results were presented in histogram graphs
and the bars represent the standard error for
the two types of treatments, the compounds
were irradiated and non-irradiated in the cell
cultures before the incubation with 1 500 FC.
Each experiment was performed in triplicated.

In figure 4A, the results of the cytotoxicity
of the non-irradiated compounds in their funda-
mental state can be observed. In this treatment
the most toxic compound was Chloroquine and

[}

N VZ
HiC O O CHy
No o

CHy

Compound 2

Compound 1 (C1): (1E,4E)-1-[4-(dimethylamine)phenyl]-5-(4-methoxyphenyl)-1,4-pentadiene-3-one

Compound 2 (C2): (2E)-3-[4-dimethylamine-phenyl]-1-(4-imidazo-1-il-phenyl)prop-2-en-1-one

Fig. 1. Structure of experimental compounds C1 and C2.
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cl

2

ciQ

Fig. 2. Indirect immunofluorescence assay (IFA) staining of P. berghei within red blood cells (RBC) with different treatments
(C1) Compound 1 (C2) Compound 2 and (C1Q) Chloroquine, A) Compounds without irradiation and B) after irradiation of
1500 FC at 30 min of incubation time. The thin films were fixed with acetone, later to be Giemsa stained and examined by
fluorescence microscopy at 600 magnification. The arrows indicate the parasitized RBC with a typical fluorescence pattern
of the PRBC, the yellow arrows indicate the compound inside the PRBC and the white arrows indicate the free compound,
outside the PRB. The bar on the bottom right of each image represents the scale of 10 um.

C2 at the concentration of 20 pg/ml with an
absorbance of 0.8 D.O. But, between the two
experimental compounds was C2 is more cyto-
toxic in general, and especially at 5 pg/ml with
an absorbance of 0,9 D.O.

On the other hand, when the compounds
were irradiated in general their cytotoxicity
increased considerably up to more than three
times that in their fundamental state. The com-
pound C2 was the most cytotoxic in this condi-
tion followed by chloroquine (Fig. 3B).

When the compounds were irradiated they
can be decomposed into photo-products and
these products were more cytotoxic than in
their fundamental state without irradiation.
Even more, they can increasing their toxicity
up to eight times more and this case was to C2
at 20 pg/ml (Fig. 4B).

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(2): 880-891, June 2018

In the curing trials with the BALB / ¢
mouse model with P. berghei. In figure 5
showed the parasitemias of mice with the
compounds presented in vivo experiments,
when they were administrated orally for three
days post infection as explained above in the
methods section. The results were showed in
figure 5, demonstrated that any the compounds
1 or 2 had anti-malarial activity compared to
chloroquine as positive control of cure in their
fundamental state. The compounds Cl and
C2 presented a behavior in their parasitemias
similar to the negative control without drug,
dying all the mice around day 21. While,
ClQ was able to control the parasitic infec-
tion and all mice survived to the infection by
Plasmodium berghei.
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DAPI FITC Overlapping

Fig. 3. DAPI staining in the immunofluorescence assay performed with P.berghei short cultures with different treatments
Cl, C and CIQ in the ground state at 60 minutes incubation after irradiation with 1500 FC at 30 min of incubation time. The
PRBC were fixed with acetone and observed through an epi-fluorescent microscope with 400 magnification. The different
stains are shown, DAPI (blue color) using the UV filter; and FITC (green color) using the blue light filter. Binding of both
fluorescence patterns is shown in the third column (overlapping). Red arrows indicate GRPs with a typical (spherical)
marking pattern.

P 2 1
1.8 A 1.8 1 B
1.6 1.6 1
v 1.44 o 144
v 1
§ 1.2 E 1.2 4
s el I
g 0.8 © 0.8 A
0.6 - 0.6 -
0.4 1 & 0.4 4
0.2 1 0.2 4
0- 0 -
0.5 1 5 10 20 0.5 1 5 10 20
Concentration (ug/ml) Concentration (pg/ml)
M Chloroquine ® Compound 1 ® Compound 2 MChloroquine ® Compound 1 @ Compound 2

Fig. 4. Compounds cytotoxicity determination using a proliferation assay with VERO cells (MTS, Promega). (A) Assay with
compounds no irradiation in fundamental state (B) Assay with compounds irradiation for 5 minutes. After 1 hour at 37 °C in
a humidified, 5 % CO, atmosphere; the absorbance at 490nm was measure using an ELISA plate reader. The bars represent
the D.O obtained for the compounds in five different concentrations of 0.5, 1, 5, 10 and 20 pg/ml.
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Fig. 5. Parasitemia-Time profile using BALB/c mice following the administration of a 4 dose regimen of 20 mg/kg
Chloroquine (n = 3), Compound 1(n = 3), and Compound 2 (n = 3), in fundamental state; administered 72 hours after IP
inoculation with 10° P. berghei parasitized-erythrocytes. Data are shown as total parasitemia (mean percentage of infected
erythrocytes/total erythrocytes + SD), starting from the time of drug administration. Parasitemia was monitored daily by

smears fixed with absolute methanol and Giemsa stained.

However, the distribution of parasitemias
changed when the compounds were irradi-
ated and were used as anti-malarial drugs after
irradiation. In these condition the C1 did not
present curative effect, but C2 changed its
percentage of parasitemia significantly with
respect to fundamental state. A curative effect
was observed, since the parasitemia diminished
almost three times in relation to the negative
control. Although, the mice died with a para-
sitemias of 25 %, in day 17 post infection and
percentage of survive of mice was 33 % higher
that C1 (data not shown). This suggests a high
toxicity effect to the photo-product of C2 with
respect C1 compound.

Therefore, the antimalarial effect from C2
was not equal to or higher than CIQ, being this
last the best antimalarial in the cure trials and
controlling the parasitemia from the beginning
of the infection.

DISCUSSION

Two compounds (C1 and C2) and Chlo-
roquine were tested for several in biological
assays. They were incorporated as drugs in

short-term cultures of P. berghei and were
assessed by an indirect immunofluorescence
assay (IFA), cytotoxicity assays and evaluation
of anti-malarial drugs in rodent model with P
berghei. All of compounds were treated in their
fundamental state and they also were evaluated
as photosensitizers under radiation 290-800 nm
(solar spectrum). Then we analyzed our results
in this section.

In the figure 2, we demonstrated by IFA
with samples at 30 min of incubation of com-
pounds on culture with P. berghei the incor-
poration of compounds at PRBC the indirect
immunofluorescence assays showed a typical
image of fluorescence pattern with all the com-
pounds; this phenomenon could be caused by
the accumulation of drugs into de cell biology
membranes of schizonts. Because the lipophi-
licity associated to the chemical structure of C1
and C2, these can be located into the plasmatic
membrane of PRBC.

The C1 y C2 compounds were prepared
as was indicated in material and methods sec-
tion. The molar extinction coefficient to C1 in
dichloromethane as lipophilic environment was
e 31717, absorption lab 425 nm, emission lem
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530 nm, relative quantum fluorescence yield F;
0,48. To C2 the molar extinction coefficient in
dichloromethane as lipophilic environment was
€ 26 084, absorption lab 425 nm, emission lem
557 nm, relative quantum fluorescence yield F,
0,21. In protic polar medium no fluorescence
was observed for either compound. The detec-
tion of fluorescence in the experiments with
the use of FITC (fluorescein-5-isothiocyanate,
lab 490 nm, lem 520 nm) together with C1 or
C2 in the cellular system, it does not allow to
affirm that the detected fluorescence comes
exclusively from the FITC emission from con-
jugate, since both C1 and C2 absorb between
390-500 nm, reaching the excitation point used
for FITC. The increased intensity in the images
showing FITC (Fig. 3) could be associated with
the presence of C1 and C2 in the membrane. In
consequence, the higher fluorescence intensity
obtained for PRBC in presence of compound
C1 in photo-excitable state in comparison with
compound 2 and Chloroquine (Fig. 3B) could
be the result of the additive effect of the intrin-
sic fluorescence of compound 1 (bright yellow)
incorporated in the PRBC and the secondary
antibody label with fluorescein (green).

80
70
60
50
40

30

%PARASITEMIA

20

10

0 1 2 3 4 5 6 7 8

According to the results of cellular cyto-
toxicity with the compounds evaluated under
radiation conditions for five minutes, they may
have a photosensitizing effects on the biologi-
cal system by the generation of ROS and/or the
formation of toxic photoproducts (Fig. 4A and
Fig. 4B). In the figure 4A, we represented the
results of cellular cytotoxicity of the three com-
pounds in their ground state, where compounds
C2 and CLQ at 5 and 20 pg / mg showed the
highest cytotoxicity with a value of 0.8 D.O.
In contrast, after irradiation the most cytotoxic
compound was C1 to 20 pg / ml presented a
cytotoxicity around 8 times greater than in its
ground state with a value of 0.1 D.O. (Fig. 4B).

In vivo evaluation of the compounds
showed no antimalarial effect from both, com-
pound 1 and compound 2 in fundamental
state. Parasitemia-Time profiles were similar
to control groups and resulted on the death
of all experimental animals with a mean sur-
vival time of 20 days (Fig. 6). Early death
only eight days post-infection was found on
both experimental groups and was attributed to
cytotoxicity of the compounds in fundamental
state, corroborated by the proliferation assay
results (Fig. 4A).

10 11 12 13 14 15 16 17 18 19

DAYS POST-INFECTION

=—&—Control =#—Chloroquine =#=Compoundl ===Compound 2

Control Vehicle

Fig. 6. Parasitemia-Time profile using BALB/c mice following the administration of a 4 dose regimen of 20 mg/kg
Chloroquine (n = 3), Compound 1 (n = 3), and Compound 2 (n = 3), in photo-excitable state; administered 72 hours after
IP inoculation with 10° P. berghei parasitized-erythrocytes. Each day after drug administration, mice were submitted to a
1500 FC irradiation in a Solar Simulator (Luzchem Research, Inc) for 5 min. Data are shown as total parasitemia (mean
percentage of infected erythrocytes/ total erythrocytes + SD), starting from the time of drug administration. Parasitemia was
monitored daily by smears fixed with absolute methanol and Giemsa stained.
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In order to evaluate the anti-malarial effect
for the better take of The UV-vis radiation pen-
etrated the skin and interacted with the erythro-
cytes inside the capillary in the shaved dorsal
area of mice submitted to irradiation. Under
irradiation conditions C1 and C2 lowered the
parasitemia in comparison with the control
group but were unable to cure the experimental
animals like Chloroquine (Fig. 6). Nonethe-
less, 1/3 of the sample treated with compound
2 survived, and was “cured”. More tests need
to be done due to the increase toxicity of this
compound and low efficiency. Early death were
also found after a week for both experimental
compounds under irradiation conditions. This
could be consequence of the environmental
stress caused by the irradiation into the Solar
Simulator chamber, but also the increased cyto-
toxicity of both compounds in comparison with
their fundamental state obtained in the prolif-
eration assay. These results suggest that com-
pounds act as photosensitizers maybe inducing
photo-hemolysis by cell membranes damage
and therefore causing a progressive and lethal
anemia to the experimental animals. The need
for further trials arise to elucidate the photo-
toxic effect in vitro, allowing the reduction of
experimental animal’s deaths and enhancement
of the results of in vivo assays.

Sanz and colleagues (2012) determined
that drugs that inhibit identical molecular tar-
gets or cellular functions, show similar para-
sitic mortality rates, meaning the parasitic
mortality rate of every drug could indicate its
mechanism of action. This suggest the com-
pounds evaluated were not presented the same
mechanism that Chloroquine, and in addition
their structures are different to Chloroquine,
therefore they do not have the same efficiency
as antimalarial drug. Also, is necessary to
point out that even though Chloroquine and
compound 2 showed a similar in vitro cyto-
toxicity, the results obtained for in vivo assays
were contradictory, expressing the importance
of in vivo evaluation on the research of new
antimalarial drugs.

This study suggests that this class of
research should be followed developing this

strategy, since this infection is typical of tropi-
cal countries, where the incidence of sunlight is
throughout during all year and it would be an
advantage to develop compounds that gener-
ate photoproducts that could act effectively as
drugs Antimalarial drugs.

CONCLUSION

Chloroquine and the compounds used in
this study have been reported as anti-malarial
effect on the parasites. The antimalarial activ-
ity of compounds C1 and C2 in the ground
state and under irradiation conditions suggests
a photosensitizing effect observed in a reduc-
tion of the parasitemia in experimental infec-
tions with the P. berghei model and the results
of cytotoxicity on the cultures of VERO cells,
demonstrating that C2 was better antimalarial
than C1, but both did not exceed the antima-
larial effect of Chloroquina under the same
experimental conditions.
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RESUMEN

Efecto antimalarico de dos compuestos foto-exci-
tables en un modelo murino con Plasmodium berghei
(Haemosporida: Plasmodiidae). La malaria representa
un importante problema de salud en todo el mundo, afec-
tando a alrededor de 198 millones de personas en 2016
seglin la base de datos de la OMS. Durante décadas, se
ha utilizado la terapia con farmacos anti-malpricos en
la lucha contra esta enfermedad y su uso incontrolado
en las zonas endémicas ha desarrollado la aparicion de
resistencia a los farmacos. Por lo tanto, se ha surgido la
necesidad de encontrar nuevos tratamientos que podrian
ser utilizados como una cura alternativa para la infeccion
por el paludismo. El objetivo de este trabajo fue evaluar
dos compuestos foto-excitables: El compuesto 1, que es
(2E) -3- (4-dimetilamino-fenil) -1- (4-imidazol-1-ilfenil)
prop-2 1-ona) y el Compuesto 2, (1E, 4E) -1- [4- (dimeti-
lamino) fenil] -5- (4-metoxifenil) -1,4-pentadieno-3-ona)
como posibles drogas antimalaricas con la cepa ANKA de
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Plasmodium berghei en ratones BALB / ¢ como modelo
murino. El efecto de la citotoxicidad se evalu6 mediante
una proliferacion celular con el ensayo de colorimetria
(MTS); y la incorporacion del farmaco en el pardsito se
evalud in vitro con Ensayo de Inmunofluorescencia Indi-
recta (IFA) para determinar la localizacion de los farmacos
en los globulos rojos parasitados (RBCs). Finalmente, se
evaluo el efecto curativo de los compuestos sin radiacion
(estado fundamental) y los farmacos irradiados mediante la
administracion oral de los farmacos en los ratones BALB /
¢, y se uso cloroquina como control positivo de cura. Este
efecto curativo se determin6 diariamente por el porcentaje
de parasitemia. Los resultados mostraron que ambos com-
puestos eran citotoxicos en estado fundamental. Ademas,
el efecto citotoxico se incrementd después de la radiacion
en el Simulador Solar, y el compuesto 2 fue mas citotoxico
que el compuesto 1. Los ensayos curativos mostraron que
ambos compuestos en estado fundamental no eran eficaces
como farmacos antimaldricos. Sin embargo, en los ensayos
curativos en los ratones tratados con el compuesto 2, cuan-
do fue irradiado, se observo una tasa de supervivencia del
33 % y una disminucion del porcentaje de parasitemia en
comparacion con el compuesto 1. Aunque los compuestos
no mostraron un efecto similar o mejor antimalarico que la
cloroquina, el compuesto 2 present6 cierto efecto antima-
larico después de la radiacion solar.

Palabras clave: Plasmodium berghei; radiacion solar;
citotoxicidad; compuesto antimalarico.

REFERENCES

Abdi, Y. A., Gustafsson, L. L., Ericsson, O., & Hellgren,
U. (1995). Handbook of Drugs for Tropical Parasitic
Infections (2 Ed.). London, Great Britain: Taylor
& Francis.

Abrahamsen, 1., & Lorens, J. (2013). Evaluating Extrace-
llular Matrix influence on adherent cell signaling by
Cold Trypsin Phosphorylation-specific Flow Cyto-
metry. BMC Cell Biology, 14, 36.

Aher, R. B., Wanare, G., Kawathekar, N., Kumar, R. R.,
Kaushik, N. K., Sahal, D., & Chauha V.S. (2011).
Dibenzylideneacetone analogues as novel Plasmo-
dium falciparum inhibitors. Bioorganic and Medici-
nal Chemistry Letters, 21(10), 3034-3036.

Baptista, M. S., & Wainwright, M. (2011). Photodynamic
antimicrobial chemotherapy (PACT) for the treatment
of malaria, leishmaniasis and trypanosomiasis. Bra-
zilian Journal of Medical and Biological Research,
44(1), 1-10.

Bruce-Chwatt, L. (1962). Classification of Antimalarial
Drugs in Relation to Different Stages in the Life-cycle
of the Parasite: Commentary on a Diagram. World
Health Organization Notes: classification of antima-
larials: commentary on diagram, 287-291.

Carlton, J., Silva, J., & Hall, N. (2013). The Genome of
Model Malaria Parasites, and Comparative Geno-
mics. Molecular Biology, 7, 23-38.

Cooper, R., & Magwereb, T. (2007). Chloroquine has not
disappeared. African Health Sciences, 7(3), 185-186.

Craig, A., Grau, G., Janse, C., Kazura, J., Milner, D., Barn-
well, J., Turner, G., & Langhorne, J. (2012). The Role
of Animal Models for Research on Severe Malaria.
PLOS Pathogens, 8(2), €1002401

Das, U.,Alcorn, J., Shrivastav, A., Sharma, R. K., De Clercq,
E., Balzarini, J., & Dimmock, J. R. (2007). Synthesis
and cytotoxic properties of novel 1-[4-(2-alkylami-
noethoxy) phenylcarbonyl]-3,5-bis(arylidene)-4-pi-
peridones and related compounds. European Journal
of Medicinal Chemistry, 42(1), 71-80.

Harlow, E., & Lane, D. (1999). Antibodies: a laboratory
manual (2 Ed.). New York, NY: Cold Spring Harbor
Laboratory.

Hsu, E. (2006). The history of qing hao in the Chinese
materia medica. Transactions of the Royal Society
of Tropical Medicine and Hygiene, 100(6), 505-508.

Jambou, R., El-Assaad, F., Combes, V., & Grau, G. (2011).
In vitro culture of Plasmodium berghei-ANKA main-
tains infectivity of mouse erythrocytes inducing cere-
bral malaria. Malaria Journal, 10, 346.

Knell, J. (1991). Malaria. Trustees of the Wellcome Trust.
United Estates: Oxford University Press.

Lavi, R., Shainberg, A., Shneyvays, V., Hochauser, E.,
& TIsaac, A. (2010). Detailed Analysis of Reactive
Oxygen Species Induced by Visible Light in Various
Cell Types. Lasers in Surgery and Medicine, 42(6),
473-480.

Liu, M., Wilairat, P., Croft, S. L., Tan, A. L., & Go, M. L.
(2003). Structure activity relationships of antileish-
manial and antimalarial chalcones. Bioorganic and
Medicinal Chemistry, 11(13), 2729-2738.

Moll, K., Ljungstrom, I., Perlmann, H., Scherf, A., &
Wahlgren, M. (2003). Methods in malaria research
(5 Ed.). Manassas, VA: Research and Reference
Reagent Resource Center.

Ono, M., Hori, M., Haratake, M., Tomiyama, T., Mori, H.,
& Nakayama, M. (2007). Structure-activity relations-
hip of chalcones and related derivatives as ligands for
detecting of beta-amyloid plaques in the brain. Bioor-
ganic and Medicinal Chemistry, 15(19), 6388-6396.

Promega Corporation (2013). Technical bulletin, U.S.A.

CellTiter 96® AQ, . One Solution Cell Prolifera-
tion Assay Protocol. Retrieved from: http://www.
promega.es/resources/protocols/technical-bulletins/0/
celltiter-96-aqueous-one-solution-cell-proliferation-

assay-system-protocol/

890 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(2): 880-891, June 2018



Reddy, M., Su, C. Chiou, W,, Liu, Y., Chen, R., Bastow, K.,
Lee, K., & Wu, T. (2008). Design, synthesis, and bio-
logical evaluation of Mannich bases of heterocyclic
chalcone analogs as cytotoxic agents. Bioorganic and
Medicinal Chemistry, 16(15), 7358-7370.

Sanz, L. M., Crespo, B., De-Cézar, C., Ding, X. C., Llergo,
J. L., Burrows, J. N.; Garcia-Bustos, J. F., & Gamo, F.
(2012). P. falciparum In vitro Killing Rates Allow to
Discriminate between Different Antimalarial Mode-
of-Action. PLOS ONE, 7(2), €30949.

Satyanarayana, M., Tiwari, P., Tripathi, B. K., Srivastava,
A. K., & Pratap, R. (2004). Synthesis and antihy-
perglycemic activity of chalcone based aryloxypro-
panolamines. Bioorganic and Medicinal Chemistry,
12(5), 883-889.

Seto, Y., Inoue, R., Ochi, M., Gandy, G., Yamada, S., &
Onoue, S. (2011). Combined use of in vitro photo-
toxic assessments and cassette dosing pharmaco-
kinetic study for phototoxicity characterization of
fluoroquinolones. AAPS Journal. 13(3), 482-92.

Spencer, L., Quintana, D., & Hidalgo, L. (2008). Evalua-
tion of the inhibition of invasion in vitro of P. yoelii
strain with different monoclonal antibodies raised
against MSP-1. Revista Biomed, 19, 45-51.

Spencer-Valero, L., Ogun, S., Fleck, S., Ling, I., Scott-
Finnigan, T., Blackman, M., & Holder, A. (1998).
Passive immunization with antibodies against three
distinct epitopes on Plasmodium yoelii merozoite

surface protein-1 suppresses parasitemia. Infection
and Immunity, 66(8), 3925-3930.

White, N. (2004). Antimalarial drug resistance. The Jour-
nal of Clinical Investigation, 113(8), 1084-1092.

Williams, A. T. R., Winfield S. A., & Miller, J. N. (1983).
Relative fluorescence quantum yields using a com-
puter-controlled luminescence spectrometer. Analyst,
108(1290), 1067-1070.

Winter, R., Kellya, J., Smilksteina, M., Dodean, R.,Hinrichs,
D., & Riscoe, M. (2008). Antimalarial Quinolones:
Synthesis, potency, and mechanistic studies. Experi-
mental Parasitology, 118(4), 487-497.

Wongsrichanalai, C., & Meshnick, S. (2008). Declining
artesunate-mefloquine efficacy against falciparum
malaria on the Cambodia-Thailand border. Emerging
Infectious Diseases, 14(5), 716-719.

World Health Organization (WHO). (2016). Global techni-
cal strategy for malaria 2016-2030. Retrieved from:
https://books.google.co.ve/books?hl=es&lr=&id=LV
40DgAAQBAJ&oi=fnd&pg=PA 1 &dq=oms+malaria
+2016&ots=kdwrBQBvzd&sig=ZqcAmGArd66xtJ3
LdyPykZeFlus#v=onepage&q=oms%20malaria%20
2016&f=false

Zhang, Y., Guo, X., Lin, E.T., & Benet, L.Z. (1999). In vitro
biotransformation of a novel antimalarial cysteine
protease inhibitor in human liver microsomes. Phar-
macology, 58, 147-159.

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(2): 880-891, June 2018 891



