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Abstract

Malaria is considered one of the health problems in many parts of the world. The objective of this work is to
implement standardized extraction strategies using analytical methodologies of the Calophyllum brasiliense
Cambess. for the validation of antiplasmodia potential in vitro. Using HPLC chromatographic and chemical
characterization techniques (*C-NMR, 'H-NMR), the marker substance was identified and quantified on
continuous cultures of Plasmodium fal ciparum chloroquine-sensitive strain NF-54 and cytotoxicity in cell lines
U-937 and HepG2used the antimalarial potential of the C. brasiliense. The best extracts were stems with ethyl
acetate and extraction after 4 hours, presented a yield of 4.154+0.301%, a promising antiplasmodial activity of
ICsp = 9.013 * 1.288 pg/mL, a cytotoxicity of CCsonegaz =43.340+3.159 pg/mL, an IS = 4.808 and a content of
marker substancesnamedsoulatrolide (1)of C; =0.257+0.021%. A new analytical method for the quantification of
marker substances was established and the best extracts were obtained. The extracts presented promising
pharmacological activities for studies that guarantee reproducibility and effectiveness in biological tests in vivo
and framed in the transformation of a phytotherapeutic product.

Keywords: Antiplasmodialactivity, Cytotoxic activity, Phytomedicine, Plasmodium falciparum, Standardized
extract.

Introduction Plasmodium falciparum is endemic, therapeutic

failure, in addition to limited access to medications,
Malaria is one of the most serious health problems among other factors, that complicate their
in many parts of the world, particularly in Africa prevention and treatment [4]. There are few
where the highest mortality occurs [1]; in Latin dternative medicines that are under development,
America presents high incidence rates [2]. It is and urgent measures are required to identify new
estimated that malaria is present in 99 countries; classes of antimalarial agents, which makes the
between 203 and 262 million cases of maaria control of the disease one of the main public health
occurredin 2017 with 435,000 deaths, mostly challenges [5].Chemotherapy is one of the
children under 5 years of age [3]. At present, the aternatives for the control of malaria morbidity
situation is being further complicated by the spread and mortality, which has been possible thanks to
of drug-resistant parasites, mainly  where the discovery of compounds from plants. An
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example is quinine obtained from the plant of the
genus Cinchona, the only antimalarial used for
several centuries, a leading compound for the
treatment of malaria [6]. Plants are a source of new
medicines [7], however despite great efforts to
conserve biodiversity, there is a serious
deterioration and loss of useful species for life, so
that it is necessary to carry out studies that allow
exploring the potential of biodiversity towards the
search for new natural chemical substances that
have a high biological activity and that contribute
to the control of a devastating disease such as
malaria[8].

Clusiaceae is one of the families of plantsin which
compounds with antimalarial activity have been
found, such as xanthones and derivatives of
acylfloroglucinol. These compounds have been
reported in plants of the genera Hypericum, Vismia
and Garcinia. In the family Clusiaceae, the genus
Calophyllum is composed of about 200 species,
some of which present reports on compounds of the
coumarin, xanthone and triterpene type with
antimalarial, analgesic, antiviral, antiulcerogenic,
anticancer, and antibacterial activitieg[9-10]. Thus,
as the genus Calophyllum is a potential source of
secondary metabolites, these species are little
explored in the field of malaria and antioxidants, so
their exploration is justified as a phytotherapeutic
aternative in the treatment of malaria and likewise,
contribute to the pharmacological knowledge of
these plants.

In this work, the aim is to implement extractions
and new analytical methodologies for the chemical
standardization of the different extracts of the C.
brasiliense specie and validate the antiplasmodial
potential of the standardized extract in vitro on
continuous cultures of P. falciparumchloroquine-
sensitive strain NF-54 and cytotoxicity in cell lines
U-937 and HepG2.

M aterials and methods

Plant Materials

The Calophyllum specimens were collected in the
municipality of Angelopolis. Three types of
samples were collected: a sample for specimen for
herbarium, samples as controls of the specimens
collected and leaves and stems to obtain the
extracts. The specimen for the University of
Antioquia herbarium was processed, deposited, and
taxonomically characterized as Calophyllum
brasiliense Cambess. (Voucher 162,467). Leaves
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and stems were dried under cool and
darkconditions for extraction purposes.

Preparation of Extracts of Different Polarity and
Isolation of Marker Substances

The extracts were obtained by Soxhlet extraction in
triplicate with 20g of dry and ground plant material
having a particle size of 5mm and extraction
conditions in two times (6 hours and 4 hours);
different solvents were used: ethyl acetate (EtoAc),
dichloromethane (DCM), dichloromethane-
methanol mixtures (DCM-MeOH 1:1),
dichloromethane-ethyl acetate (DCM-EtoAc 1:1).
Subsequently, the extracts were filtered and
concentrated in a rotoevaporator, where the
extraction yields were obtained. For the isolation of
the major compounds, the serial fractionation of the
dichloromethane extract was performed using the
following separation techniques: Liquid-liquid
extraction and evaporation, crystallization, flash
column chromatography with stationary phase of
silica-gel 60 GFz4 Merck®, chromatography on
column with stationary phase of sephadex, different
proportions of solvents with mixtures of petroleum
ether, dichloromethane, ethyl acetate and methanol,
previoudly distilled solvents before being used. In
addition, a continuous monitoring by thin-layer
chromatography Silica-gel 60 GF,; Merck®.
Chromatography was aso performed on a CCP
preparative layer with a stationary phase of Silica-
gel 60 GF,s5, Merck® to purify 30 mg of the major
compound and follow-up of the purification by
CCD thin layer chromatography [11-12].

Compound (1) was isolated from coded C.
brasiliense called soulatrolide (1)was used as a
reference standard (Fig. 1) [13]. Soulattrolide (1):
Amorphous white solid with formula CysH»,05
(1597.6 mg), IR vy 3431.71; 2975.62, 1714.41,
1639.2; 1587.13; 1145.51 cm™. [a]D = -33.48 (c =
0.09, CHCI53). TOF MS ES+[M+Na]: (MeOH) m/z
obsd 427.1529 (1,9 ppm) [M+Na]+, calculatedfor
CxHoOsNa 4271521,  *H-RMN-500MHz &
(CHCl3 -d1) (ppm): 7.35-7.37 (m, 3H); 7.26-7.23
(m, 2H); 6.52 (d, 1H, J=10.27 Hz); 5.94 (s, 1H);
5.34 (d, 1H, J=10.23 Hz); 5.02 (d, 1H, J= 3.42 Hz);
4.28 (dg, 1H, J= 10.76, 6.36 Hz); 2.88 (bs, 1H);
1.76 (ddg, 1H, J= 10.27, 6.85, 2.94 Hz); 1.42 (d,
3H, J=6.36 Hz); 1.14(d, 3H, J=7.34 Hz); 0.93 (s,
3H); 0.92 (s, 3H). *C-RMN-125MHz & (CHCl; —
dl) (ppm): 160.6; 156.3; 153.5; 153.7; 151.1;
139.9; 127.53; 127.3(CH x 2); 127.1(CH x 2);
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115.9; 111.6; 106.1; 106.0; 103.0; 76.9; 73.0; 61.7;
61.3; 38.22; 26.84; 26.73; 18.80; 12.49.

Chromatographic Conditions HPLC

The standardization of the analytical method and
the quantification was performed in a high
efficiency liquid chromatography equipment
coupled to a diode array detector (High-
Performance Liquid Chromatography with Diode-
Array Detection HPLC-DAD Agilent Technology
1200 series). The chromatography system consisted
of a quaternary pump with degasser G1354A,
autosampler  G1313A, column compartment
G1316A, detector UV / Visible with diode array
and a ChemStation Software 32bit G2170BA
HPLC 2D. The column wused for the
chromatographic  separation was a Luna
Phenomenex with particle size of 5y, C18 100A
and dimensions of 250 x 4.60mm, series 564054-
31. The solvents used for the separation were water
as solvent (A) and acetonitrile as solvent (B) HPLC
grade. The injection volume used was 20uL and a
flow of 1.0 mL / min. To develop the quantification
method, chromatographic separation parameters of
the extracts were established and the retention
times of the marker substances were determined
(). The precision of the method was calculated in
triplicate and the percentage of marker substances
in the extracts was quantified by percolation and
Soxhlet extraction. For the quantification, standard
curves of compound (1) were prepared in
concentration ranges of 1000 - 0.1ug/mL. The
extracts were prepared at a concentration of 3000
pug/mL. The standards and extracts were dissolved
in an acetonitrile-water solution (CH3;CN 50%:
H,0 50%) and before the injection were filtered by
Nylon membrane 0.45 ym (hydrophilic) DISMIC-
13 NP; 0.39 MPa. ADVANTEC and injected in
triplicate for HPLC analysis. A volume of20 pL of
the standards to produce calibration curveand each
of the extracts were injected in triplicate.The
percentage of marker (1) was determined by an
area ratio analysis and 3 successive injections of
the standard solution are made and pure of peak is
verified, the resolution: > 2.0 (peak of interest and
adjacent peak), Tail Factor : < 2.0 (interest peak),%
RSD: < 3.5%.Based on retention times of peakl
and the caibration datathe concentration of
compounds in the extract was determined.
Identification of compoundswas confirmed by
comparing the retention time ofstem extracts with
that ofamarker (1) (Fig. 2)
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Development of the Chromatographic Profile of
Extracts of Calophyllumbrasiliense

The mobile phase consisted of water (A) and
acetonitrile (B). The elution was programmed
following the gradient of the solvents at a flow of
1.0 mL / min of 50% of A and 50% of B up to 0%
of A and 100% of B in 30 min. The compound (1)
were detected at wavelength of 286nm and tg
=13.60. The marker substance was identified by
comparing its retention time (tg) under identical
analytical conditions. The extracts of C.
brasiliensewere analyzed by percolation and those
obtained by sothelx extractions for the
quantification and differentiation of secondary
metabolites.

Test of Biological Activity

In vitro determination of antiplasmodial activity: In
vitro antiplasmodial activity assays were performed
on the sensitive (NF-54) chloroquine strain. P.
falciparum strains (NF-54) were cultured and
maintained according to the method of Trager and
Jensen (1976); using a suspension of 5% human A
+ erythrocytes in RPMI-1640 culture medium
(Sigma R6504) dissolved in sterile water with 25
mM HEPES, 5.0% NaHCO3, 10% fresh human A +
serum (inactivated at 56 ° C for 30 minutes);
incubated in an atmosphere of 5% O,, 5% CO, and
90% N,. Daily change was performed daily and
fresh red blood cells were added twice a week.
Invitroantiplasmodia activity by the SYBR Green
I® method: In order to evauate the in
vitroantiplasmodial activity of the extracts and / or
compounds, the standardized protocol was
followed in the Malaria Group, which was adapted
according to the methodology described by
Smilkstein [14]. Assays were performed on
Falcon® 96-well flat bottom plates. A suspension
of parasitized red blood cells with a hematocrit of
25% and a parasitemia of 1% was prepared.
Cultivation with treatments and positive control
chloroquine (CQ) were incubated at 37 °C for 48
hours in an atmosphere of 5% CO,, 5% O, and
90% of N,. Subsequently, the contents of each well
were transferred to Greiner Pro one dishes and the
parasites were labeled with a solution of SYBR®
Green | 2X in lysis buffer. The plates were
incubated at room temperature for one hour in the
dark and the relative fluorescence units (RFU) were
reead on a spectrofluorometer at an excitation
wavelength of 485 nm and emission of 538 nm.
Treatments from each crude extract were prepared
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to astock solution of 10 mg/mL in pure DMSO and
sonicated to facilitate dissolution. From this
solution, 50 pL were taken and adjusted to 1000 uL
with complete RPMI-1640 medium, obtaining a
final concentration of 0.5 mg/mL. The
concentration of DMSO in the first dilution was
1% which has been shown to be non-toxic to the
parasite. Seven concentrations of each extract were
evaluated in a range between 100 -1.56 ug / mL,
each concentration was evaluated in duplicate on
the plate and three independent assays were
performed. The CQ control was evaluated in a
range between 150-4.7 nM and the control of
Peruvian Quina extract (MeOH: H,0; 70:30) was
evaluated in the range of 0.01-10 pg / mL. Data
from three trials were analyzed to find the
inhibitory concentration 50 in pg / mL (1Cs).
Inhibitory concentrations 50 (ICs; £ SD) were
calculated for each compound from a non-linear
logistic  regresson  model. A sigmoid
concentration-response curve with slope of Hill
(variable dlope) was assumed. The data were
analyzed and plotted using GraphPad Prism 4 for
Macintosh version 4.0b which outputs the
adjustment value (r) (GraphPad Software, San
Diego, Cdlifornia, USA).To classify the
antiplasmodial activity of an extract, the Malaria
Group of the University of Antioquia established a
consensus for the extracts evaluated: highly active
<5 ug / mL, promising 6-15 ug / mL, moderate
activity 16-30 ug / mL, low activity 31-50 ug / mL
and non-active> 50 ug / mL [15-16].

Cytotoxicity testing and calculation of the
selectivity index (9): The method of 3- (4,5-
dimethylthiazol-2-yl) -2,5-diphenyl tetrazolium
bromide (MTT) according to Mosmann, 1983 was
used to evaluate the cytotoxic activity of the
extracts [17]which reveals cellular damage at the
mitochondrial level.

Cytotoxicity in the U-937 cell line and HepG2 cell
line: U-937 cells are human histiocytic lymphoma
promonocitos, which were maintained in
continuous cultures in the Malaria Group
Laboratory. These cells were cultured at 37 °C and
5% CO, in RPMI medium supplemented with 10%
inactivated Fetal Bovine Serum (FBS). The media
changes were performed every 48 hours or
according to pH changes of the medium, with
centrifugation for 10 minutes at 1000 rpm,
replacing with fresh medium. In Neubauer's
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chamber, U-937 cells were counted and plated in a
96-well flat bottom plate, 200,000 cells / mL in
RPMI 1640 medium with 10% FBS. They were
incubated at 37 °C with 5% CO, for 72 hoursin the
presence of each of the seven concentrations of
each extract and / or compound evaluated in a
range between 100 -1.56 pg/mL, each
concentration was evaluated in duplicate in the dish
and three independent trials were performed.
Subsequently, mitochondrial dehydrogenase
activity was measured by adding 20 yL / well of
MTT to a concentration of 5 mg/mL and incubating
for 3 hours at 37 °C and 5% CO,[18]. To dissolve
the formed crystals, 100 pL / well of a 50%
solution of isopropanol and 10% SDS were added
and the absorbance read at 595 nm in an ELISA
reader (BioRad). Data from three independent trials
were analyzed using the GraphPad Prism 5
program to find the toxic concentration in ug / mL
(CCs) using a non-linear logistic regression
model[19]. For the assay, the HepG2 cells are
counted in a Neubauer chamber and seeded in a 96-
well flat bottom plate 2 x 10° cells / well in 100 pl
of RPMI-1640 medium with 10% fetal bovine
serum. Subsequently, the cells are incubated for 30
hours at 37 °C in a 5% CO, environment, to allow
the formation of the monolayer and then add 100
pL of each of the concentrations (100-1.54 pg/mL)
of the extracts and / or compounds or 100 uL of the
medium where the extracts and / or compounds
were dissolved. Four wells are left, to which
culture medium is added to evauate the behavior
of the cells under norma conditions (negative
control). Each concentration of extracts and / or
compounds and controls are evaluated in
quadruplicate in 2 trials. Plates are incubated for 48
hours at 37 ° C. Then, 30 yL of MTT (Sigma
Aldrich) is added at a concentration of 2 mg / mL
and incubated again for 5 hours. After incubation,
130 pL of 96% DMSO were added and the dishes
were incubated for 20 minutes at room temperature
and gently mixed to allow the MTT crystals to
dissolve. The production of Formazan crystals is
measured at 550 nm in an ELISA reader (BioRad).
The toxic effect is determined by comparing the
absorbance obtained in the control with that of the
treatments and thus determining whether or not
there was a toxic effect. Data were analyzed with
the GraphPad Prism 5 program to find CCs
(cytotoxic concentration inhibiting 50% growth).
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Fig. 1

Results

To classify the cytotoxicity of the extract, the
Malaria Group of the University of Antioguia
established a consensus for the samples evaluated:
highly toxic <10 ug/mL, cytotoxic 10-40 pg/mL,
moderately cytotoxic 41-100 pg/mL and no
cytotoxic>100 pg/mL. In addition, the selectivity
index (IS) was calculated, which indicates
selectivity towards the parasite and corresponds to
the relationship between cytotoxic CCs, activity
and antiplasmodial activity 1Csy. For the HepG, cell
line, 1S values above 5 were considered as
promising extracts [20].Data analysis:
M easurements were performed in triplicate and the
results are presented as the mean and its standard
deviation (DS). The data were analyzed and plotted
using GraphPad Prism 4 for Macintosh version
4.0b which outputs the adjustment value (r)
(GraphPad Software, San Diego, California, USA).
A new analytical method of chromatographic
separation, where the compound (1) was quantified
and developed and standardized. Compound (1)
was quantified at a retention time of tx =13.597
min. The regression eguations of the standard
solutions (Y =19.314X-37.846. R2 =0.9987). An

example of the chromatographic profiles is
observed in (Fig. 2), where the dichloromethane
extract of the leaves and stems of C. brasiliense
obtained by percolation extraction (Fig. 2 (A)), the
dichloromethane extract of the stems for 4 hours
(Fig. 2 (B)), dichloromethane extract from the
stems for 6 hours (Fig. 2 (C)).The percentages of
extractable material, the relative percentage of
compound (1), the antiplasmodial activity in vitro
in strain of P. falciparum sensitive to chloroquine
NF-54, the cytotoxicity in human promonocytes U-
938 and the determination of the selectivity index
coming from The extracts by Soxhlet of C.
brasilienseare presented in Table 1 and are plotted
in Figure 3. All the extracts were classified
according to antiplasmodial and cytotoxic
potential. Table 1 includes the most active extracts
obtained by percolation and are also plotted in
Figure 3 to be able to compare them with the
extracts obtained by soxhlet extraction. The
percentages of extractable material with the
different solvents showed higher yields for the leaf
extract obtained by soxhlet extraction at atime of 4
hours in DCM: MeOH (1:1) with 10.75+0.385%,
however it was not found a relationship with its
activity and its extraction performance.
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The highest content of soulatrolide with 1.66+
0.169% was found in the DCM: EtoAc extract (1:
1) of the leaves of
CalophyllumbrasilienseCambess.  obtained by
soxhlet extraction at 4 hours. Analyzing al the
variables together, the standardized extracts that

presented the best biological responses were the
extracts obtained in dichloromethane and ethyl
acetate. The best extracts were, the extract from the
stems with ethyl acetate and extraction after 4
hours, presented a yield of 4.15+0.301%, a
promising antiplasmodial activity of 1Cs, =9.01+
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123 pg/mL, a cytotoxicity of CCsonepc2
=43.34+3.16 pg/mL, an IS =4.808 and a content of
marker substances of C; =0.257+ 0.021%, and the
extract from the stems with DCM: EtoAc (1:1) and
extraction for 4 hours, presented a yield of
2.63+0.525%, a promising antiplasmodial activity
of I1Cs = 8.31+1.19 pg / mL, a cytotoxicity of
CCsonencz =40.32 £4.24 ug / mL, an 1S =4.849 and
a marker substance content of C;=0.543+ 0.100%.
Both extracts presented interesting
pharmacological activities for subsequent studiesin
which extracts are obtained under the same
extraction conditions that guarantee reproducibility
and effectiveness in other biological tests and
framed in the transformation of a phytotherapeutic
product. Likewise, a second step in the extraction
can be used to reduce the cytotoxicity of the
extracts by means of tannin precipitation reactions
or to implement other forms of extraction such as
extraction with CO, under supercritical conditions
and in this way avoid the use of toxic solvents.

Discussion

There are few studies where the antiplasmodial
activity of genus Calophyllum. Albernaz et al. [21]
demonstrated the antiplasmodial activity of
dichloromethane extracts of the C. brasliense
plant. They found an ICsy =6.7pug/mL and IS =
121.4 from the bark extracts and ICsy =9.5 pg/mL
and an IS =14.4, from the root parts. These values
were determined by evaluating the cytotoxicity in
NIH-3T3 cells, and are similar with the results
described in this report. On the other hand, Brenzan
et al. 2008reported the leishmanicidal potential of
the leaves of the crude dichloromethane extract of
C. brasiliense, demonstrating the importance of
this species for its anti-leishmanicidal potential and
the richness of its metabolites [22]. The positive
results for these extracts mainly  of
dichloromethane extract and ethyl acetate of C.
brasieliense direct the study towards the search for
active substances by separating their main
components. Specificaly of the C. brasliense
species, agreat variety of works have been reported
in which a great variety of secondary metabolites
has been characterized. 1to et al[23], Reported on
the basis of chromatographic and spectroscopic
tests, five phenolic compounds have been identified
as hyperin (hyperoside), amentoflavone, quercetin,
galic acid and protocatechuicacid [24]. Fractions
and some phenolic compounds have significant
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analgesic activity in formalin tests in mice,
suggesting that this plant may be useful for the
treatment of inflammatory processes [25]. Three
analogues with a chromanone nucleus have also
been determined, namely isoapetalic acid, white
acid and an unknown acid homolog of isoapetalic
acid from the hexane extract of C. brasilienseseeds
[26].

Obtaining these parameters is fundamental and is
useful for the development of new antimalarial
drugs and in subsequent pharmacological studiesto
confirm the potential through biological tests in
vivo in murine models of P. berghei, since they
reveal new knowledge about the therapeutic
effects of this medicina plant [27]. Plant extracts
either in the form of standardized extracts or as a
source of pure compounds provide unlimited
opportunities for the treatment of various diseases,
but when marketed there are many variationsin the
quality and quantity of the bioactive components so
these drawbacks they are the most important to
consider in their therapeutic use [28-29]. The main
components of an extract can be lost due to
different extraction techniques and therefore an
increase in toxicity, which limits its consumption
for humans [30]. For this reason, the development
of procedures to obtain standardized extracts that
are more efficient, low cost, effective and safe,
require a deeper investigation. On the other hand,
the use of standardized extracts is justified for
plants that have weaker or less specific
pharmacological activities and when the active
ingredients are not yet known. However, in order to
guarantee constant therapeutic quality and efficacy
[31]. It is important to standardize these extracts
for their content of active ingredients or, if these
are unknown, those compounds most representative
of the chemical composition of the extract are
selected. In this sense, the chemical standardization
of extracts of the C. brasiliense species was carried
out, in this case with a single marker substance
type pyranocuomarin.

Conclusions

The best extracts of the C. brasiliense species were,
the extract from the stems with ethyl acetate and
extraction after 4 hours, presented a yield of 4.154
+0.301%, a promising antiplasmodial activity of
ICs, =9.013£1.288 pg/mL, a cytotoxicity of
CCsoiepcz =43.340+3.159 pg/mL, an 1S=4.808 and
a content of marker substances of C175MA2=
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0.257+0.021%, and the extract from the stems with
DCM: EtoAc (1:1) and extraction for 4 hours,
presented a yield of 2.628+0.525%, a promising
antiplasmodial activity of 1C 55 =8.314+1.191 ug/
mL, a cytotoxicity of CCspnepcz = 40,320+4,235 g
/mL, an IS =4,849 and a content of marker
substance of C;=0.543+0.100%. Both extracts
presented interesting pharmacological activities for
subsequent studies in which extracts are obtained
under the same extraction conditions that guarantee
reproducibility and effectivenessin other biological
tests and framed in the transformation of a
phytotherapeutic product.
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