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Abstract

Background: Understanding the significance of hemozoin (Hz) in the process

through which Plasmodium is released from the heme group in the food vacuole
during hemoglobin degradation, will allow the development of more effective drugs
against malaria. Therefore, the development of methodologies to obtain Hz synthetically will facilitate an in vitro evaluation of new anti-malarial drugs.
Methods: We present a methodology with good results to obtain Hz from fecal
material of blood-sucking insects Meccus longipennis. The preparation of biological
cultures of the parasite (Plasmodium) transmitter of the disease is not necessary.
Results: The hemozoin molecule and its dimer were obtained using the method
described and it was possible to validate a comparison with the positive and negative controls using different analytical techniques.
Conclusion: The proposed method allows obtaining hemozoin and its dimer
demonstrating equivalence with positive controls that demonstrate that the present
procedure may be an alternative for the evaluation of antimalarial drugs.

Introduction

M

alaria remains a public health
problem worldwide. WHO estimates that each year there are 212
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million new cases and even 429 thousand
deaths worldwide (1). Malaria is caused by a
protozoan parasite of the genus Plasmodium
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hematologic, being P. falciparum the deadliest
species. This parasite is developed through a
complex life cycle happening between the vector, the female Anopheles mosquito (sporogonic cycle) and the human host. In the latter, the
parasite goes through two consecutive cycles;
an exoerythrocytic cycle within liver cells and
an erythrocytic cycle, which infects red blood
cells and degrades hemoglobin because the
parasite feeds itself of hemoglobin to obtain
from it the necessary amino acids to synthesize its own proteins (2, 3).
The free heme group obtained from degradation of hemoglobin, also known as heme or
hidroxiferriprotoporfirina IX, is very toxic because it can generate oxygen reactive species.
To avoid the toxicity of the free heme group,
the parasite has developed some detoxification
systems (3-7). Such systems can be carried out
in an acid digestive vacuole or in the cytoplasm, converting the free heme group in
hemozoin (Hz) through a mechanism known
as Hz formation. This mechanism is not very
clear, however, this process is generally accepted as a biomineralization or biocrystallization (3, 8).
On the other hand, Oliveira et al. (9-11) and
Wood et al. (12) identified the production of
the free heme group in other blood-sucking
organisms, such as Rhodnius prolixus, the helminth Schistosoma mansoni, main etiologic agent
of schistosomiasis and protozoan Haemoproteus
columbae. In these organisms, the formation of
Hz is the main detoxification way of the free
heme group by the perimicrovillar membranes. They showed that the structural and
morphological characterization of free heme
crystals, produced by R. prolixus and S. mansoni,
provides important information to develop
new drugs against Chagas disease and schistosomiasis.
In the case of malaria, it is important to perform studies about the process to obtain the
Hz, its structure and its effects within the cell,
that provide information to develop new
drugs that are more effective and with less
toxic effects.
Available at: http://ijpa.tums.ac.ir

In this regard, there are research works on
obtaining Hz from microbe cultures of different species of Plasmodium on human erythrocytes using an excessive number of parasites
and complicated processes to obtain substantial amounts of Hz (12, 13). Other methods
use lipid systems like the system within the
vacuole, from Hz obtained from Plasmodium
used to grow Hz (14) crystals. While nonbiological methods, in spite of having a simple
preparation, have low yields since the amount
of obtained Hz is less than 50% of total reagent employed (12, 15).
Synthetic hemozoin that presents the best
advantages employ haemozoin biocrystallization pathway and have been used successfully
in the evaluation of antimalarial drugs (13, 16),
so that different studies have been conducted
to evaluate the difference between the natural
and syntactic β-Hz, showing the similarities
between both (17).
Regarding the characterization of Hz molecules and its dimer (β-Hz), obtained by various processes, there have been several researches. The UV-visible spectroscopy characterization (18), NRM (19), IR (20), and XRD
(21) have demonstrated that the malarial Hz
and its synthetic homologue are identical do to
the characteristic bands of absorbance they
have, such as the Soret band in UV-Vis and
the typical vibrations in the infrared region
associated with the bond between iron and
oxygen during dimer formation (18). Studies
have been conducted using computational
methods to determine: a) the most probable
structures of Hz and β-HZ, and b) the obtention by simulation of IR spectra, which confirm the structural models proposed for Hz
and its dimer (22) with experimental results.
On the other hand, acidity constants and dimerization of Hz using spectroscopic techniques (23) have been determined.
Therefore, the present methodology also has
the advantage that the method of feeding, defecation and development times of Meccus longipennis in the laboratory (24), is well studied and
standardized. Because this parasite is the main
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transmission vector of Trypanosoma cruzi,
which causes Chagas disease (25). As the obtaining with this insect can be controlled, you
facilitate the study of Hz and β-Hz molecules.
Furthermore, the characterization of is done
through different analytical techniques.

Materials and Methods
Biological material

The colonies of Longipennis were maintained
in wide-mouth jars, at 29 ± 2°C and 70% relative humidity. The insects were fed weekly on
immobilized mice of the mus muscle species.

Obtention and preparation of the Hz and
β-Hz from M. Longipennis

Insects’ feces and urine adhered to the filter
paper were collected and pulverized. All this
material is placed in a container continuously
stirred with a magnetic stirrer for 24 hours in
absolute ethanol. The mixture was filtered using a cellulose membrane and subsequently
dialyzed with four changes of 2 litters of water
at 4 °C for 24 hours. Then, 100 mL of sodium
azide (0.01 mM) were added from the beginning, and at the last dialysis, EDTA acid was
added. The dialyzed material was moved to
conical tubes left at rest at a temperature of
4°C for 24 hours. The conical tubes were centrifuged at 2,500 revolutions per minute (rpm)
for 20 minutes, the supernatant was filtered
and later it was mixed with 1M NaOH. β-Hz
is obtained at this point.
The β-Hz solution was acidified with concentrated HCl (13.87 M), it was left precipitating for another 24 hours, then the supernatant
was discarded, and the precipitate was transferred to conical tubes to centrifuge at 2,500
rpm for 20 minutes. The precipitate was
washed with deionized water (pH= 6) between five and eight times and the last wash
was stirred at 200 rpm at room temperature
(25 °C) for 24 hours. This washing procedure
was performed for three consecutive days and
finally the precipitate was separated and dried
at 32 °C to obtain Hz from Longipennis (26).
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Finally, the purification was carried out by
washing the crystals with deionized water, it
was buffered to pH 6, it was centrifuged and
the supernatant was removed, the washing
was repeated seven times and it was placed
under agitation at a temperature of 25 °C, for
24 hours. This purification process was repeated every day until all uric acid residues
were eliminated from the insect's urine, monitoring the presence of crystals of this impurity
using microscopy.

Positive and negative controls

Swine hematite (SH) from Becton & Dickinson was used as positive control and protoporphyrin IX (PP) from Sigma-Aldrich as
negative control. These molecules were characterized using the same analytical techniques
and were selected to differentiate the presence
and absence of iron, in the SH and PP analyses, respectively. That compared to the use of
control molecules of Hz and β-Hz (17, 26) it
is only possible to analyze the difference due
to the formation of the dimer. All the described reagents were analytical grade and the
solutions were prepared using deionized water
with 18 M M.

Characterization by Scanning Electron
Microscopy (SEM)

An electronic scanning microscope JEOL
model 6300 was used to obtain scanning electron micrographs (SEM) and the spectra of
electro dispersed electrons (EDS) of the molecules Hz and β-Hz from Longipennis. The microscope was equipped with an energy dispersive spectrometer (EDS), using 5000X magnification to observe topographic images and a
secondary electron energy of 30 kV for ESD.

Characterization by X-Ray Diffraction
(XRD

An Inel equipment, model Equinox 2000,
was used to obtain XRD data of Hz and Hz both from Longipennis, SH and PP. Analyses were carried out in the range of 0 to 120°
measured using cobalt radiation (CoK1).
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Characterization by FT-IR spectroscopy.

Samples of Hz and β-Hz both from Longipennis, SH and PP were pulverized and used
to make KBr tablets. They were swept in a
wavelength range of 370–4000 cm-1 and 650–
4000 cm-1 FTIR using Attenuated Transmittance Reflectance system in a ZnSe crystal. To
perform this study, a Spectrum v.3.02 software was used.

Characterization by UV-Vis spectroscopy

A 10 mM solution in NaCl 150 mM of Hz
and β-Hz, both from Longipennis, SH and PP,
was prepared to carry out a study of UVvisible in a range of 300–700 nm. A PerkinElmer UV-visible absorption equipment model Lambda 2s was used.

Characterization by Zeta Potential

A sample of Hz from Longipennis was dissolved in deionized water at a concentration
of 0.1M, and five adjustments of pH values of
4, 5, 6, 8 and 9 were made to study the zeta
potential in a range of 0 to -35 mV. This was
possible by using a Zetasizer Malvern model
3000 HAS equipment.

Results
Obtaining Hz from Longipennis

2.61 g were collected from faeces and urine
samples by using filter paper sheets. They
helped obtaining 1.02 g of Hz, which represent 39% of the original sample.

SEM and EDS

Fig. 1 shows the micrographs of a) Feces of
Longipennis, b) Hz and c) β-Hz, obtained from
Longipennis; obtained by using the purification
methodology previously described. Micrographs of d) Swine as a positive control and e)
PP; as a negative control can be seen, and
comparatively, micrographs of f) Hz and g) βHz from Longipennis that were are obtained.
Using secondary electrons to 30 KV, with
3,500 and 5,000X increases respectively.
EDS studies performed to these same molecules show signals of Fe present in the central
part of Hz and in β-Hz molecules. From the
EDS results, it is obtained Table 1 on the
composition of Hz and β-Hz from Longipennis,
SH and PP.

Table 1: Chemical composition of molecules evaluated with Energy-dispersive X-ray spectroscopy
Element

Hz
M. longipennis
(Wt %)

-Hz
M. longipennis
(Wt %)

SH
Positive control
(Wt%)

PP
Negative control
(Wt%)

Iron
Carbon
Nitrogen
Oxygen

7.62 ± 7.52
42.25 ± 1.40
19.0 ± 9.85
31.13 ± 3.79

28.86 ± 3.79
29.47 ± 1.0
17.84 ± 3.01
23.84 ± 2.05

9.98 ± 0.19
57.58 ± 0.62
13.62 ± 3.91
15.52 ± 1.66

0.0 ± 0.0
29.47 ± 0.72
13.45 ± 5.23
21.98 ± 1.28

FTIR spectroscopy

Fig. 2 shows FTIR spectra of Hz and β-Hz
from M. longipennis in a range of 1000-4000
cm-1. In which it can be seen the bands corresponding to carbonyl (C=O) and carboxylate
groups (C-O); for Hz they are at 1671 and
1127 cm-1 (d and f regions respectively), while
for β-Hz C=O was found at 1651 and C-O at
1046 in cm-1 (d and g regions respectively). In
positive and negative controls, a series of
bands associated to the vibration frequency of
Available at: http://ijpa.tums.ac.ir

C=O and C-O bonds can be seen; which coincide with FTIR reports from literature (15,
21, 27).

UV-Vis Spectroscopy

Fig. 3 shows the normalized UV-Visible absorption spectrum of Hz, β-Hz, positive and
negative controls. In all cases, it is possible to
observe the Soret band with a maximum absorption at 384, 391, 386 and 380 nm, respectively.
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Fig. 1: Micrographs of a) Faeces of M. longipennis, b) Hz, c) β-Hz, c) SH as a positive control, d) PP as a negative control e) Hz and f) β-Hz from M. longipennis, using secondary electrons of 30 KV, with 3,500 and
5,000X increases
Swine hematin

Protoporphyrin

Haemozoin

-Haemozoin

Fig. 2 : FTIR spectrum of Hz, -Hz, PP and SH.
a) Hz and b) β-Hz from M. longipennis c) SH as a
positive control and d) PP as a negative control
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Fig. 3: UV-Vis spectrum of Hz and β-Hz from M.
longipennis, SH as a positive control and PP as a
negative control
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X-ray diffraction

In Fig. 4 diffraction patterns of Hz, β-Hz,
and PP, SH are shown in a range of 0 to 120 °,
measured with Cobalt radiation (CoK1). The
obtained diffraction pattern signals of Hz and

β-Hz from Longipennis, indicate the presence
of a crystal structure of FCC type (Face Centre Cubic) with a Miller index [(1,1,1), (2,0,0),
(2,2,0) and (3,1,1)].

Fig. 4: XRD pattern of Hz and β-Hz from M. longipennis, SH as a positive control and PP as a negative control

Zeta Potential

The zeta potential for dimerization of Hz by
changing the pH value from 4 to 9 in a range
of 0 to -35 potential mV; as well as the first
derivative of zeta potential with respect to pH
value.

Discussion
In the micrographs of feces, spherical agglomerates can be observed (Fig. 1a), which are
attributed to fecal matter with a particle size of
10 µm. In Fig. 1b, agglomerates with needle
shape in different particle sizes can be seen, in
the order of 3μm in the Hz sample. While in
the β-Hz sample (Fig. 1c) crystalline agglomerates with homogeneous particle size of 10 µm
can be observed. Both purified samples, present no traces of uric acid or faecal matter of
Longipennis, which validates the established purification method to obtain haematin.
In Fig. 1c, crystalline morphology is observed with particle size of 50 µm, which is
Available at: http://ijpa.tums.ac.ir

associated to the prosthetic group. While, in
Fig. 1d, amorphous agglomerates with particle
size of 1µm which also associated with prosthetic group, are observed. When comparing
samples of Hz y β-Hz (Fig. 1f and 1g), it can
be seen that the morphology of these samples
is different from the positive (Fig. 1d) and
negative (Fig. 1e) controls.
The peaks associated with gold (Au) in EDS
are due to the coating of the sample, while,
the peaks associated with chlorine (Cl) are due
to traces of the solutions used during the purification process. On the other hand, the presence of Fe in the prosthetic group can also be
appreciated in the positive control; whereas in
the negative control there is no signal of Fe in
EDS. It is noted that the composition of Fe in
β-Hz is 3.8 times higher than in Hz. Demonstrating dimer obtaining with the purification
methodology employed. While, the positive
control (SH) contains a similar proportion to
Hz of Fe (7.62 and 9.98 Wt.%, respectively)
because chemically it is the same molecule. On
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the other hand, in the negative control (PP),
there are no signals associated with Fe because
this molecule does not contain it.
Furthermore, the band in FT-IR studies that
corresponds to the stretching vibration of the
Fe-N bond (reported for the formation of
metal complexes) presents transmittance
peaks (region c) of 2160 to 2315 cm−1 (28).
Observing the same vibration in β-Hz at 2275
cm and a shoulder at 2310 cm-1, while Hz is
2318 cm-1. The band of the Fe-N bond of the
positive control (SH) is at 2181 and 2247 cm-1
and it is not possible to see this band in the
negative control (PP). Also, this same vibration has another band between 1573 and
1555cm-1 (region e); which is seen in all molecules except in the negative control and coincides with literature (27).
The SH and Hz present a band between
3440 and 3450 cm-1 (region a), which corresponds to the vibration of Fe-O bond, coupled with -OH. This vibration is also present
for β-Hz, however, in this case it is associated
to the C-O bond of the dimer formation. The
negative control (PP), does not present this
peak as this molecule does not contain iron.
Finally, in the range of 2800-3000 cm-1 (region
b) there are bands that correspond to -OH of
the carboxyl groups present in all molecules of
the prosthetic group, being of lower intensity
for the negative control, due to the absence of
this functional group (-OH) bound to Fe.
These results validate the obtention of Hz and
β-Hz from Longipennis
While in UV-Vis studies its show the similarity in the absorbance bands at a range of
345 to 390 nm of Hz and SH corroborates the
presence of the same molecule. PP presents a
hypsochromic shift at the band of maximum
absorbance because iron is not bounded to
the molecule, which favors progressive disruption of the electron system  as described in
literature (29). In addition, it is observed the
absence of absorbance bands in a wavelength
of 345 nm, associated to the strong attraction
that electrons suffer because of iron (30).
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On the other hand, β-Hz presents a bathochromic shift in the maximum absorbance
peak, with an offset of 7 nm and a decrease in
the Soret band (360 nm) regarding Hz. This is
consistent with previously reported for the
formation of dimers and their respective equilibrium dimerization (18, 23).
In both molecules it is observed in X-ray
diffraction the presence of the reflection peaks
corresponding to the aromatic structure (00004-0258) at 33.75, 38.85 and 55.18°; as well
as peaks associated with Fe3N (01-073-2101)
at 80.5, 92 y 103.56°. These results indicate
that, the degree of crystallinity is similar, therefore they confirm the purity of the samples
and that the procedure is suitable to obtain Hz
from β-Hz coming from the Longipennis.
Moreover, the diffractograms responses of
the positive and negative controls have signals
in 4.5 to 3.5 corresponding to amorphous material typical of organic matter. It is appreciated that SH and PP have broad peaks indicating that these have a smaller particle size with
respect to the β-Hz and Hz; which have peaks
with a higher resolution and therefore a larger
size.
In the studies of potential zero, at pH 6 an
inflection point associated with the surface
charge of the Hz molecule, starting dimerization in more alkaline pH; which is the result of
the deprotonation suffered by the dimer at pH
6 and is consistent with literature regarding
the dimerization process at pH = 6.2 ± 0.3
according with De Villiers (23). The information on the derivative of dZ/dpH confirms
the change in slope of the inflection point at
pH 6 by presenting a maximum peak at this
pH value. Also, it is not observed any process
associated to the deprotonation of monomer
happening at pH 7.3 because the specie is already dimerized and deprotonated from a pH
value of 6. This information indicates that to
obtain Hz, pH values lower than 6 are required; as it occurs in the parasite’s food vacuole whose pH is 5.0 to 5.4 (31).
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Conclusions
The results of this study show an efficient,
safe and effective methodology at a very low
cost, to obtain Hz and β-Hz from a bloodsucking insect called Longipennis, since maintaining insects does not pose a risk of infection from malaria parasite, and it does not involve complicated procedures. In addition, the
several analytical techniques used to identify
β-Hz and Hz obtained from Longipennis
demonstrate their correct obtention, as well as
their purity. This was verified by simultaneously characterizing positive and negative controls; SH and PP respectively.
Due to the importance of Hz in the development of new antimalarial drugs, this paper
provides the necessary information to purify
Hz from fecal matter of hematophagous insects with good results, without being necessary the preparation of biological cultures of
the parasite that transmits Plasmodium disease.
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