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ABSTRACT
Moringa oleifera seeds are used globally as a treatment for water and contain the lectins
cMoL and WSMoL, which display coagulant activity. In this study, we sought to
determine the cytotoxicity and genotoxicity of the M. oleifera seed extract (SE), prepared
with the same procedure that people use for treating water, as well as cMoL and WSMoL,
in human peripheral blood mononuclear cells (PBMCs). Cell viability was assessed using
the 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) assay, while
genotoxicity was evaluated using the comet assay, with cell nucleoids categorized in
classes ranging from 0 (without damage) to 4 (maximum damage). The PBMCs treated
with SE, cMoL, and WSMoL displayed viability higher than 60% in treatments with
concentrations up to 100 µg/mL. In addition, SE and cMoL displayed low genotoxicity
owing to the detection of nucleoids in class 1. However, the number of nucleoids in all
classes increased when 50 and 100 µg/mL of WSMoL was administered, reaching a
damage frequency of 50.0%. Although M. oleifera SE, cMoL, and WSMoL were not
cytotoxic to PBMCs after 24 h of exposure, dose-dependent genotoxic effects were
observed, especially with WSMoL. These findings indicate that caution must be exercised
when selecting a lectin/extract concentration for water treatment.
Key-words: comet assay, water treatment, horseradish tree, carbohydrate-binding
proteins, safety assessment.
RESUMO
As sementes de Moringa oleifera são utilizadas globalmente para o tratamento de água e
contêm as lectinas cMoL e WSMoL, as quais apresentam atividade coagulante. Neste
estudo, buscou-se determinar a citotoxicidade e genotoxicidade do extrato das sementes
de M. oleifera (SE), preparado com o mesmo procedimento que a população usa para
tratar água, bem como cMoL e WSMoL, em células mononucleares do sangue periférico
humano. A viabilidade celular foi avaliada usando o ensaio do brometo de 3- (4,5dimetiltiazol-2-il) 2,5-difeniltetrazólio (MTT), enquanto a genotoxicidade foi avaliada
através do ensaio do cometa, com nucleoides celulares categorizados em classes que
variam de 0 (sem danos) a 4 (dano máximo). As PBMCs tratadas com o extrato aquoso,
cMoL e WSMoL exibiram uma viabilidade maior que 60% após o tratamento com
concentrações de até 100 µg/mL. Além disso, SE e cMoL apresentaram baixa
genotoxicidade devido à detecção de alguns nucleoides na classe 1. No entanto, o número
de nucleoides em todas as classes aumentou nas concentrações de 50 e 100 µg / mL de
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WSMoL, atingindo uma frequência de dano de 50,0%. Embora o extrato aquoso de M.
oleifera, cMoL e WSMoL não tenham sido citotóxicos para PBMCs após 24 h de
exposição, efeitos genotóxicos dependentes da dose foram observados, especialmente
com WSMoL. Esses achados indicam a necessidade de cuidado ao selecionar uma
concentração de lectina ou extrato para o tratamento de água.
Palavras-chave: ensaio cometa, tratamento de água, proteínas de ligação a carboidratos,
avaliação de segurança.

1 INTRODUCTION
Moringa oleifera Lam. is widely cultivated worldwide owing to its
biotechnological and pharmacological applications (Gopalakrishnan et al., 2016). Seeds
of this plant are used in the manufacture of cosmetics and biodiesel, traditional medicine,
as well as human and animal feeding (Dhakad et al., 2019; Napoleão et al., 2019). In
addition, they are commonly used as coagulant agents in several countries to treat water
for human consumption (Hassan and Ibrahim, 2013).
The coagulant property of M. oleifera seeds is attributed to the presence of
proteins, including lectins, which can form specific and reversible bonds with
carbohydrates (Saini et al., 2016; Coelho et al., 2017). Two of the lectins isolated from
moringa seeds, coagulant M. oleifera lectin (cMoL) and water-soluble M. oleifera lectin
(WSMoL), display coagulant activity (Santos et al., 2009; Ferreira et al., 2011). WSMoL
can also remove metals and residual aluminum sulfate from water (Freitas et al., 2016).
Both lectins have been found to display in vitro anti-inflammatory activity in murine
macrophages (Araújo et al., 2013), while WSMoL was demonstrated to be an
immunomodulatory agent in human peripheral blood mononuclear cells (PBMCs)
(Coriolano et al., 2018). The anticancer activity of cMoL against B16-F10 (murine
melanoma) cells was reported by Luz et al. (2017). Further, the strong antibacterial
activity of WSMoL against human pathogens has been reported (Ferreira et al., 2011;
Moura et al., 2015, 2017; Coriolano et al., 2020). Both cMoL (Oliveira et al., 2011) and
WSMoL (Coelho et al., 2009; Santos et al., 2012, 2014; Oliveira et al., 2017, 2020) are
also reported as insecticidal agents.
Previous studies have reported the toxicity potential of some plant lectins, such as
those from Jatropha curcas seeds (curcin), which strongly inhibit cell-free protein
synthesis, as determined using a lysate of rabbit reticulocytes (half-maximal inhibitory
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concentration (IC50) of 0.42 nM); these lectins were found to be acutely toxic to mice
with median lethal dose (LD50) of 104.74 ± 29.45 mg/kg body weight (Lin et al., 2010).
The Viscum album lectin was found to be cytotoxic to RAW 264.7 macrophage
cells at a concentration of 2.0 μg/mL (38±7.97 of cell viability). Further, its LD50 was
found to be between 50 and 100 μg/kg body weight when intravenously injected into the
mice (Sung et al., 2013). WSMoL was previously evaluated to determine its genotoxicity
using cell-free plasmid DNA as well as Salmonella typhimurium (Ames and Kado)
assays. Based on the results of these assays, this lectin was deemed non-mutagenic (Rolim
et al., 2011).
Toxicity assessments are essential for ensuring the safety of plant extracts and
compounds that display biotechnological potential. In the present study, we evaluated the
cytotoxicity and genotoxicity of an M. oleifera seed extract (SE), prepared with the same
procedure that Brazilian people use for the extract for treating water, as well as cMoL and
WSMoL, in human PBMCs.

2 MATERIAL AND METHODS
2.1 PLANT MATERIAL
Moringa oleifera seeds were collected in the city of Recife, Pernambuco, Brazil,
under authorization (no. 38690) of the Instituto Chico Mendes de Conservação da
Biodiversidade from the Brazilian Ministry of Environment. A voucher specimen was
deposited (no. 73345), in the herbarium Dárdano de Andrade Lima at the Instituto
Agronômico de Pernambuco (Recife, Brazil). The studies have been recorded (AA269CF
and A3A079B) in the Sistema Nacional de Gestão do Patrimônio Genético e do
Conhecimento Tradicional Associado (SisGen).

2.2 SE PREPARATION
Moringa oleifera SE was prepared in the same manner Brazilian people prepare it
for the treatment of turbid water (Rolim et al., 2011). Briefly, seed powder (2 g) was
added to distilled water (100 mL) and manually agitated for 5 min at 27 °C. Thereafter,
the mixture was passed through a filter paper to obtain the SE. The SE was then passed
through a sterile Millipore filter (pore size of 0.22 µm) and serially diluted in culture
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medium to obtain required concentrations (6.25–200 µg/mL) for the cytotoxicity and
genotoxicity assays.

2.3 PURIFICATION OF LECTINS
The lectins cMoL and WSMoL were isolated according to the methods of Santos
et al. (2009) and Coelho et al. (2009), respectively. Briefly, seed powder (10 g) was
subjected to extraction in 100 mL of 0.15 M NaCl (cMoL) or distilled water (WSMoL)
at 28 °C. After filtration and filtrate centrifugation (3000 ×g for 15 min at 28 °C), the
supernatants were collected. Proteins from the supernatants were precipitated with
ammonium sulfate at 60% saturation (Green and Hughes, 1955) and the protein fractions
were chromatographed on guar gel (cMoL) or chitin (WSMoL) columns equilibrated with
0.15 M NaCl. Adsorbed cMoL and WSMoL were eluted with 1.0 M NaCl and 1.0 M
acetic acid, respectively. The carbohydrate-binding ability of the lectins was monitored
using the hemagglutinating activity (HA) assay according to the method of Paiva and
Coelho (1992), in microtiter plates using rabbit erythrocytes. The study was approved by
the Ethics Committee on the Use of Animals of the Universidade Federal de
Pernambuco, UFPE, process no. 23076.033782/2015-70. Lectin concentration was
determined according to the method of Lowry et al. (1951), using bovine serum albumin
as the standard. cMoL and WSMoL were passed through a sterile Millipore filter (pore
size of 0.22 µm) and serially diluted in culture medium to obtain required concentrations
(0.78–100 µg/mL) for the cytotoxicity and genotoxicity assays.

2.4 PBMCS
PBMCs were obtained from heparinized blood samples collected from nonsmoking healthy volunteers (18–30 years old) who had not taken any drugs for at least 15
days before sample collection. All volunteers signed an informed consent form approved
by the Ethics Committee on Research involving humans of the UFPE (process no.
60435316.0.0000.5208). To obtain PBMCs, blood (6 mL) was mixed with 3 mL
phosphate-buffered saline (PBS) and 3 mL Histopaque-1077 (Sigma-Aldrich, St. Louis,
MO, USA). After centrifugation (450 × g, 30 min, 25 ºC), the lymphocyte layer was
carefully aspirated and transferred to another tube containing PBS. After centrifugation
(350 × g, 20 min, 25 ºC), the supernatant was discarded and the pellet was resuspended
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in RPMI 1640 culture medium (Sigma-Aldrich) supplemented with 20% fetal bovine
serum, 3% phytohemagglutinin, 100 IU/mL penicillin, and 100 µg/mL streptomycin.

2.5 CELL VIABILITY ASSAY
Cell

viability

was

assessed

using

the

3-(4,5-dimethylthiazol-2-yl)2,5-

diphenyltetrazolium bromide (MTT) assay according to the method of Mosmann (1983),
with some modifications. Briefly, cells (1 × 106 cells/mL) were incubated in 96-well
plates for 24 h for stabilization in RPMI medium (37 °C, 5% CO2). Thereafter, they were
treated with different concentrations of SE (1.56–200 µg/mL) or lectins (0.78–100
µg/mL) in RPMI medium, and incubated for 24 h. Three hours before the end of the
incubation period, MTT (0.5 mg/mL) was added (25 μL). After the 24-h incubation
period, the microplate was centrifuged (450 × g, 10 min, 25 ºC) and the medium was
aspirated. Dimethyl sulfoxide (100 µL) was added to each well to solubilize the formazan
crystals, and the optical density was measured in a microplate reader at 540 nm. Two
independent experiments were performed in triplicate.

2.6 COMET ASSAY
Genotoxicity of the SE and lectins was evaluated using the alkaline version of the
comet assay according to the protocol described by Singh et al. (1988), with some
modifications. The tests were conducted in triplicate in two independent experiments. Of
note, only those concentrations of SE and lectin were selected that did not inhibit more
than 40% of the viability of PBMCs. Cells were seeded (3 × 106 PBMCs/mL) and
incubated with SE (6.25–100 µg/mL) or lectin (25, 50, and 100 µg/mL) for 24 h, or with
the positive control (4×10-2 M methyl methanesulfonate, MMS) for 4 h. Thereafter, the
control and treated cells were harvested. Following centrifugation for 20 min at 450 × g,
and 25 ºC, the pellet obtained was suspended in 0.5% low-melting point agarose at 37 °C,
placed on fully frosted slides covered with a thin layer of normal-melting point agarose,
and coated with a coverslip. The slides were incubated at 4 °C for 10 min to allow the
agarose to solidify and were then immersed in a lysis solution (2.5 M NaCl, 100 mM
EDTA, and 10 mM Tris, adjusted to pH 10.0, using NaOH) at 4 °C for 1 h. After lysis,
the slides were placed in a horizontal electrophoresis chamber containing cold
electrophoresis alkaline buffer (300 mM NaOH and 1 mM EDTA solution, pH 13.0) for
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20 min for DNA denaturation. Electrophoresis was carried out at 40 V and 300 mA for
20 min in the dark to avoid DNA damage that was unrelated to the treatments. The slides
were immersed in a neutralization buffer (0.4 M Tris, pH 7.5) for 15 min and fixed with
cold absolute ethanol for 5 min.
DNA was stained with propidium iodide (20 µg/mL, 50 µL) and evaluated using
a fluorescent microscope (Carl Zeiss, Göttingen, Germany). Two slides were examined
for each well (six slides for treatment), and 100 nucleoids per slide were analyzed at a
magnification of 40×. Nucleoids were classified as follows (Figure 1): absence of tail or
without damage (class 0), tail smaller than the diameter of the head (class 1), tail with up
to twice the diameter of the head (class 2), tail larger than twice the diameter of the head
(class 3), and comet without head (class 4). The damage score of each treatment was
veriﬁed by multiplying the number of nucleoids observed in each class by the value
corresponding to each class (0, 1, 2, 3, or 4). The damage frequency (%) was calculated
based on the number of cells with tails relative to cells with 0 damage owing to each
treatment.
Figure 1. Representative images of nucleoids from human peripheral blood mononuclear cells (PBMCs)
belonging to class 0 (A), class
1 (B), class 2
(C), class 3 (D), or class 4 (E)

A

B

C

D

E

2.7 STATISTICAL ANALYSIS
Results are presented as mean ± standard deviation. Cell viability percentage (%)
was evaluated relative to that of the non-treated control, using the GraphPad Prism
software (version 5.0; GraphPad Software, Inc., USA). One-way ANOVA, followed by
the Newman-Keuls test, was used to evaluate the differences among the treatments
administered. The level of statistical significance was set at p < 0.05.

3 RESULTS AND DISCUSSION
Moringa oleifera seeds have been widely used to treat drinking water in several
countries (Sulaiman et al., 2017). Previous studies have demonstrated that WSMoL is
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present in the water treated with seeds and is one of the proteins responsible for their
water coagulant activity (Ferreira et al., 2011). Additionally, cMoL can be present in the
drinking water treated with moringa seeds and is an important natural coagulant. In fact,
cMoL displays coagulant activity similar to aluminum sulfate, the most common
synthetic coagulant used in water treatment (Santos et al., 2009). In the present study, we
evaluated the cytotoxic and genotoxic effects of the SE and lectins extracted from
moringa seeds, on human PBMCs. PBMCs include monocytes and lymphoblastoids,
which are involved in cell-mediated cytotoxic innate and adaptive immunity; these cells
circulate throughout the body and reflect the general state of an individual’s health (He et
al., 2018; Collins et al., 2008).
As shown in Table 1, the cells treated with 200 µg/mL SE had a viability of 49.36
± 1.39; however, when other concentrations were employed, the viability was found to
be greater than 60%. A cell viability >70% was detected when cMoL and WSMoL were
administered. Previous studies have shown that 100 µg/mL of WSMoL is not cytotoxic
to PBMCs after 24–72 h of incubation (Araújo et al., 2013; Coriolano et al., 2018, 2020).
However, Araújo et al. (2013) showed that cMoL is toxic (IC50 = 11.72±1.51 µg/mL) to
these cells after 72 h of exposure. The present study confirmed the low cytotoxicity of
WSMoL to PBMCs and the non-cytotoxicity of cMoL after 24 h of incubation. These
findings indicate that exposure time is a crucial factor that can influence the toxicity of
these lectins. cMoL (1.5–16.0 µM) did not induce death of normal fibroblasts (GN) after
48 h of treatment (Luz et al., 2017), indicating that this lectin did not have an
indiscriminate cytotoxic effect. Ampasavate et al. (2010) classified the toxicity degree of
compounds as follows: IC50 < 10 μg/mL, very toxic; IC50 between 10 and 100 μg/mL,
potentially toxic; and IC50 > 100 μg/mL, non-cytotoxic. If the IC50 of SE, WSMoL, and
cMoL was found to be >100 μg/mL, these compounds would be considered non-cytotoxic
to human PBMCs after 24 h of treatment.
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Table 1: Viability (%) of peripheral blood mononuclear cells after 24h of exposure to M. oleifera seed
extract and lectins.
Concentration (µg/mL)

WSMoL

cMoL

Seed extract (SE)

0.78
100a
96.3 ± 1.33
1.56
98.33 ± 2.16a
83.63 ± 2.25 a
91.2 ± 2.71
3.12
98.33±1.77ab
85.78 ± 2.27 a
80.12 ± 1.76 a
6.25
90.3 ± 3.93c
84.42 ± 1.85 a
76.5 ± 1.92 a b
12.5
93.35 ± 1.6abc
82.5 ± 0.70 a
76.5 ± 2.32 ac
c
a
25
88.37 ± 1.77
78.99 ± 2.25
79.44 ± 4.58 ac
cd
a
50
85.1 ± 1.08
79.55 ± 2.33
71.52 ± 3.42bc
d
a
100
79.9 ± 1.3
79.44 ± 0.85
60.21 ± 2.61
200
NT
NT
49.36 ± 1.39
Means followed by the same letter in the same column do not differ significantly. NT: no tested

As non-cytotoxic concentrations can also promote DNA damage and cause
mutations that can lead to genomic instability, cancer, malformations, metabolic
disorders, and neurological diseases (Poduri et al., 2013; Miyamae et al., 1998), the
effects of SE and lectins on the DNA of PBMCs (Table 2) were evaluated. Accordingly,
the comet assay was carried out using the extract and lectin concentrations that did not
inhibit the viability of PBMCs by more than 40% in the MTT assay. Compared to the
negative control, SE and cMoL displayed low but significant (p < 0.05) genotoxic effects,
as the nucleoids in class 1 appeared at a slightly higher number. Further, significantly (p
< 0.05) increased damage indices were observed for SE and cMoL at 50 and 100 µg/mL,
respectively (Table 2). With regard to WSMoL, there was a significant (p < 0.05) increase
in the number of nucleoids in all classes when treatments of 50 and 100 µg/mL were
compared to the negative control. The damage indices also increased following all
treatments, reaching 76.75% at the highest concentration (Table 2). The effects of SE,
cMoL, and WSMoL were significantly (p < 0.05) higher than those of the positive control,
MMS.
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Table 2: Damage index for each class after 24 h exposed PBMCs to PBMCs treated with M. oleifera seed
extract and lectins.
Treatment
NC
Seed Extract (SE)
6.25 µg/mL
12.5 µg/mL
25 µg/mL
50 µg/mL
100 µg/mL
cMoL
25 µg/mL
50 µg/mL
100 µg/mL
WSMoL
25 µg/mL
50 µg/mL
100 µg/mL
MMS

Class
0
74.85±3.1#

Damage index

1
20.28±2.12#

2
3.14±1.61#

3
1.57±0.75#

4
0.14±0.36#

19.54 ± 1.80#

2.33 ± 0.5#

1.09 ± 0.3#

0

28.75 ± 2.34#

21.25 ± 2.16#

2.5 ± 0.57#

1.5± 0.5#

0

31.25 ± 3.07#

26.25± 1.89*#

1.25 ± 0.5#

0.75 ± 0.5#

0

31.0 ± 0.81#

26.25 ± 1.5*#

3.75 ± 0.95#

0.75± 0.5#

0

36.0± 1.63*#

27.0 ± 1.63*#

3.25 ± 0.95#

1.75 ± 0.5*#

0

70.5±1.29#
72.5±1.29#
68.0±1.82*
#

25.5± 1.91*#
20.0±0.81

2.25±0.5#
3.75±0.5 #

1.75±0.5#
3.0±0.81#

0#
0.75±0.5#

35.25±0.95#
39.5± 3.51*#

25.75±1.70*#

3.5±0.57

2.0±0.81#

0.75±0.5#

41.75 ± 2.62*#

68.5±2.38#
66.75±2.5*
#
50.0±3.55*
#
2.50±0.57*

23.75±2.95#

5.5±2.38*#

1.5±0.57#

0.75±0.5#

42.25±5.25*#

19.0±1.63#

6.0±0.81* #

6.25±0.95*#

2.0±0.81*#

57.75±5.67*#

32.25±5.90*#

8.75±0.5* #

7.0±2.44*#

1.5±0.57*#

76.75±5.61*#

16.41±1.56*

28.5±1.73*

44.08±1.67*

7.66±0.86*

239.0±5.15*

77.0 ±
1.53#
74.75 ±
1.73#
72.25 ±
1.70#
69.25 ±
1.70*#
68.0 ±
1.41*#

31.85±2.9#

38.75 ± 1.70*#

NC = Negative control, Positive control = MMS. 0 = no damage; 400 = maximum damage. * p <0.05 in
relation to the CN; # in relation to MMS; (ANOVA / Dunnet, p <0.05).

These findings were also evident when the frequency of damage (Table 3), which
is essentially the percentage of cells displaying a tail, was assessed. The damage
frequencies obtained with 50 and 100 µg/mL of SE were significantly (p < 0.05) higher
than those of the negative control. This increase could be related to the increased
concentration of cytotoxic and genotoxic compounds that have already been identified
and reported in M. oleifera seeds, including some isothiocyanates (Ragasa et al., 2013;
Villasenor et al., 1989). The genotoxicity of M. oleifera was also revealed using the
Acinetobacter bioreporter model, which demonstrated that its genotoxicity was
equivalent to that of 8.3 mg mitomycin C per 1.0 g of dry M. oleifera seed (Al-Anizi et
al., 2014). Using cell-free plasmid DNA and the Salmonella typhimurium (Ames and
Kado) assays, Rolim et al. (2011) demonstrated that the SE obtained from 800, 1000, and
1500 μg/mL concentrations of M. oleifera was mutagenic. Our results confirm that the
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SE can be genotoxic. Therefore, caution should be exercised when selecting lectin
concentrations for use in water treatment.
Table 3: Damage Frequency (%) observed in PBMCs exposed for 24 hours to M. oleifera seed extract and
lectins.
Treatment

Damage Frequency

NC

25.14 ± 3.10#

MMS
Seed extract (SE)

97.5 ± 0.57*

6.25 µg/mL
12.5 µg/mL
25 µg/mL
50 µg/mL
100 µg/mL
cMoL
25 µg/mL
50 µg/mL
100 µg/mL
WsMoL
25 µg/mL
50 µg/mL

23.0 ± 1.77#
25.25 ± 2.41#
27.75 ± 1.54#
30.75 ± 1.17*#
32.00 ± 1.96*#

100 µg/mL

50.0 ± 3.55*#

29.5 ± 1.29#
27.5 ± 1.29#
32.0 ± 1.82*#
31.5 ± 2.38*#
33.25 ± 2.5*#

NC = Negative control, Positive control = MMS. 0 = no damage; 400 = maximum damage. * p <0.05 in
relation to the CN; # in relation to MMS; (ANOVA / Dunnet, p <0.05).

Regarding the lectins (Table 3), the frequency of damage to the cells treated with
cMoL was significantly (p < 0.05) higher than that to the cells treated with the negative
control, only when 100 µg/mL of cMoL was administered. However, the frequency of
damage reached 50.0% when 100 µg/mL of WSMoL was used (i.e., half of the nucleoids
displayed signs of damage). Currently, the genotoxicity mechanism of lectins is not
completely known; however, some studies have indicated that some lectins can generate
reactive oxygen species (ROS), which can promote DNA strand breaks (BertholdoVargas et al., 2009). In addition, lectins can bind to specific carbohydrate structures on
the cells, thereby causing dramatic changes in cellular morphology and metabolism, and
can activate a cascade of signals that alter intermediary metabolism (Dang and van
Damme, 2015; Yamamoto et al., 2013). Previous mutagenic and genotoxic assessments
using Ames and Kado assays and a prokaryotic model, revealed that WSMoL is nonmutagenic or genotoxic at concentrations between 12.5 and 800 µg/mL (Rolim et al.,
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2011). However, the genotoxic evaluation performed herein, with eukaryotic cells,
revealed a dose-dependent damage. Thus, further studies must be carried out to elucidate
the genotoxic effects of 100 µg/mL concentration of WSMoL on PBMCs.

4 CONCLUSION
According to the parameters employed in the present study, M. oleifera SE, which
is often used to reduce water turbidity, and cMoL and WSMoL are non-cytotoxic to
PBMCs after 24 h of exposure. However, the genotoxicity assessment using the comet
assay revealed that all treatments, especially WSMoL, exerted a dose-dependent toxic
effect. Thus, caution should be exercised when selecting a lectin/SE concentration for
water treatment. Further research is needed to elucidate WSMoL genotoxic mechanisms.

DECLARATION OF INTEREST
The authors declare no conflicts of interest.

ACKNOWLEDGMENTS
The authors express their gratitude to the Conselho Nacional de Desenvolvimento
Científico e Tecnológico (CNPq) for financial support (407192/2018–2) and investigator
research grants (MMPG, LCBBC, TGS, THN and PMGP). They are also grateful to the
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES; Finance Code
001) and the Fundação de Amparo à Ciência e Tecnologia do Estado de Pernambuco
(FACEPE: APQ-0108-2.08/14) for financial support.

Brazilian Journal of Development, Curitiba, v.7, n.10, p. 94854-94869 oct. 2021

Brazilian Journal of Development 94866
ISSN: 2525-8761

REFERENCES
Al-Anizi, A.A.; Hellyer, M.T.; Zhang, D., 2014. Toxicity assessment and modelling of
Moringa oleifera seeds in water purification by whole cell bioreporter. Water Res. 56, 7787.
Ampasavate, C., Okonogi, S., Anuchapreeda, S., 2010. Cytotoxicity of extracts from fruit
plants against leukemic cell lines. Afr. J. Pharm. Pharmacol 4, 13-21.
Araújo, L.C.C., Aguiar, J.S., Napoleão, T.H., Mota, F.V.B., Barros, A.L.S., Moura, M.C.,
Coriolano, M.C., Coelho, L.C.B.B., Silva, T.G., Paiva, P.M.G., 2013. Evaluation of
cytotoxic and anti-inflammatory activities of extracts and lectins from Moringa oleífera
seeds. PLoS ONE 8, e81973.
Bertholdo-Vargas, L.R., Martins, J.N., Bordin, D., Salvador, M., Schafer, A.E., Barros,
N.M., Carlini, C.R., 2009. Type 1 ribosome-inactivating proteins - Entomotoxic,
oxidative and genotoxic action on Anticarsia gemmatalis (Hübner) and Spodoptera
frugiperda (JE Smith)(Lepidoptera: Noctuidae). J. Insect Physiol. 55, 51-58.
Coelho, J.S., Santos, N.D.L., Napoleão, T.H., Gomes, F.S., Ferreira, R.S., Zingali, R.B.,
Coelho, L.C.B.B., Leite, S.P., Navarro, D.M.A.F., Paiva, P.M.G., 2009. Effect of
Moringa oleifera lectin on development and survival of Aedes aegypti larvae.
Chemosphere 77, 934–938.
Coelho, L.C.B.B., Silva, P.M.S., Lima, V.L.M., Pontual, E.V., Paiva, P.M.G., Napoleão,
T.H., Correia, M.T.S., 2017. Lectins, interconnecting proteins with
biotechnological/pharmacological and therapeutic applications. Evid.-Based
Complementary Altern. Med. 2017, 1594074.
Collins, A.R.; Oscoz, A.A.; Brunborg, G.; Gaivão, I.; Giovannelli, L.; Kruszewski, M.;
Smith, C.C.; Štětina, R., 2008. The comet assay: topical issues. Mutagenesis 23, 143-151.
Coriolano, M.C., Brito, J.S., Ferreira, G.R.S., Moura, M.C., Melo, C.M.L., Soares,
A.K.A., Lorena, V.M.B., Figueiredo, R.C.B.Q., Paiva, P.M.G., Napoleão, T.H., Coelho,
L.C.B.B., 2020. Antibacterial lectin from Moringa oleifera seeds (WSMoL) has
differential action on growth, membrane permeability and protease secretory ability of
Gram-positive and Gram-negative pathogens. South Afr. J. Bot. 129, 198-205.
Coriolano, M.C., Brito, J.S., Patriota, L.L.S., Soares, A.K.A., Lorena, V.M.B., Paiva,
P.M.G., Napoleão, T.H., Coelho, L.C.B.B., Melo, C.M.L., 2018. Immunomodulatory
effects of the water-soluble lectin from Moringa oleifera seeds (WSMoL) on human
peripheral blood mononuclear cells (PBMC). Protein Pept. Lett. 25, 295–301.
Dang, L., van Damme, E.J., 2015. Toxic proteins in plants. Phytochemistry 117, 51-64.
Dhakad, A.K., Ikram, M., Sharma, S., Khan, S., Pandey, V.V., Singh, A., 2019.
Biological, nutritional, and therapeutic significance of Moringa oleifera Lam. Phytother.
Res. 33, 2870-2903.

Brazilian Journal of Development, Curitiba, v.7, n.10, p. 94854-94869 oct. 2021

Brazilian Journal of Development 94867
ISSN: 2525-8761

Ferreira, R.S., Napoleão, T.H., Santos, A.F.S., Sá, R.A., Carneiro-da-Cunha, M.G.,
Morais, M.M.C., Silva-Lucca, R.A., Oliva, M..L.V., Coelho, L.C.B.B., Paiva, P.M.G.,
2011. Coagulant and antibacterial activities of the water-soluble seed lectin from Moringa
oleifera. Lett. Appl. Microbiol. 53, 186–192.
Freitas, J.H.E.S., Santana, K.V., Silva, P.M., Moura, M.C., Coelho, L.C.B.B.,
Nascimento, A.E., Paiva, P.M.G., Napoleão, T.H., 2016. Evaluation of Moringa oleifera
seed lectin as a metal remover in aqueous solutions. Protein Pept. Lett. 23, 645-649.
Gopalakrishnan, L., Doriya, K., Kumar, D.S., 2016. Moringa oleífera: A review on
nutritive importance and its medicinal application. Food Sci. Hum. Well. 5, 49-56.
Green, A.A., Hughes, L., 1955. Protein fractionation on the basis of solubility in aqueous
solution of salts and organic solvents. In: Colowick, S., Kaplan, N. (Eds.), Methods in
Enzymology. Academic Press, New York, pp. 67-90.
Hassan, F.A.G., Ibrahim, M.A., 2013. Moringa oleífera: Nature is most nutritious and
multi-purpose tree. Int. J. Sci. Res. Publ 3, 1-5.
He, P., Xia, W., Wang, L., Wu, J., Guo, Y. F., Zeng, K. Q., Wang, M.J., Bing, P.F., Xie,
F.F., Lu, X., Zhang, Y.H., Lei, S.F., Deng, F.Y., 2018. Identification of expression
quantitative trait loci (eQTLs) in human peripheral blood mononuclear cells (PBMCs)
and shared with liver and brain. J. Cell. Biochem. 119, 1659-1669.
Lin, J., Zhou, X., Wang, J., Jiang, P., Tang, K., 2010. Purification and characterization of
curcin, a toxic lectin from the seed of Jatropha curcas. Prep. Biochem. Biotechnol. 40,
107-118.
Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement
with the folin phenol reagent. J. Biol. Chem. 193, 265–275.
Luz, L.A., Rossato, F.A., Costa, R.A.P., Napoleão, T.H., Paiva, P.M.G., Coelho,
L.C.B.B., 2017. Cytotoxicity of the coagulant Moringa oleifera lectin (cMoL) to B16F10 melanoma cells. Toxicol. in Vitro 44, 94-99.
Miyamae, Y., Yamamoto, M., Sasaki, Y. F., Kobayashi, H., Igarashi-Soga, M., Shimoi,
K., Hayashi, M., 1998. Evaluation of a tissue homogenization technique that isolates
nuclei for the in vivo single cell gel electrophoresis (comet) assay: a collaborative study
by five laboratories. Mutat. Res. Genet. Toxicol. Environ. Mutagen. 418, 131-140.
Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J. Immunol. Meth. 65, 55-63.
Moura, M.C., Napoleão, T.H., Coriolano, M.C., Paiva, P.M.G., Figueiredo, R.C.B.Q.,
Coelho, L.C.B.B., 2015. Water-soluble Moringa oleifera lectin interferes with growth,
survival and cell permeability of corrosive and pathogenic bacteria. J. Appl. Microbiol.
119, 666–676.

Brazilian Journal of Development, Curitiba, v.7, n.10, p. 94854-94869 oct. 2021

Brazilian Journal of Development 94868
ISSN: 2525-8761

Moura, M.C., Trentin, D.S., Napoleão, T.H., Primon-Barros, M., Xavier, A.S., Carneiro,
N.P., Paiva, P.M.G., Macedo, A.J., Coelho, L.C.B.B., 2017. Multi-effect of the watersoluble Moringa oleifera lectin against Serratia marcescens and Bacillus sp.: antibacterial,
antibiofilm and anti-adhesive properties. J. Appl. Microbiol. 123, 861–874.
Napoleão, T.H., Santos, A.F.S., Luz, L.A., Pontual, E.V., Paiva, P.M.G., Coelho,
L.C.B.B., 2019. Moringa oleifera: a powerful source of environmentally, medicinally and
biotechnologically relevant compounds. In: Teodor, R. (Ed.), Advances in Applied
Science and Technology. Book Publisher International, West Bengal, pp. 58-77.
Oliveira, A.P.S., Agra-Neto, A.C., Pontual, E.V., Lima, T.A., Cruz, K.C.V., Melo, K.R.,
Olivera, A.S., Coelho, L.C.B.B, Ferreira, M.R.A., Soares, L.A.S., Napoleão, T.H., Paiva,
P.M.G., 2020 Evaluation of the insecticidal activity of Moringa oleifera seed extract and
lectin (WSMoL) against Sitophilus zeamais. J. Stor. Prod. Res. 87, 101615.
Oliveira, C.F.R., Luz, L.A., Paiva, P.M.G., Coelho, L.C.B.B., Marangoni, S., Macedo,
M.L.R., 2011. Evaluation of seed coagulant Moringa oleifera lectin (cMoL) as a
bioinsecticidal tool with potential for the control of insects. Process Biochem. 46, 498504.
Oliveira, C.F.R., Moura, M.C., Napoleão, T.H., Paiva, P.M.G., Coelho, L.C.B.B.,
Macedo, M.L.R., 2017. A chitin-binding lectin from Moringa oleifera seeds (WSMoL)
impairs the digestive physiology of the Mediterranean flour larvae, Anagasta
kuehniella. Pestic. Biochem. Physiol. 142, p. 67-76, 2017.
Paiva, P.M.G., Coelho, L.C.B.B., 1992. Purification and partial characterization of two
lectin isoforms from Cratylia mollis mart. (camaratu bean). Appl. Biochem. Biotechnol.
36, 113-118.
Poduri, A., Evrony, G.D., Cai, X., Walsh, C.A., 2013. Somatic mutation, genomic
variation, and neurological disease. Science 341, 1237758.
Ragasa, C.Y., Levida, R.M., Don, M.J., Shen, C.C., 2012. Cytotoxic isothiocyanates from
Moringa oleifera Lam seeds. Philipp. Sci. Lett. 5, 46-52.
Rolim, L.A.D.M.M., Macêdo, M.F.S., Sisenando, H.A., Napoleão, T.H., Felzenswalb, I.,
Aiub, C.A.F., Coelho, L.C.B.B., Medeiros, S.R.B., Paiva, P.M.G., 2011. Genotoxicity
evaluation of Moringa oleifera seed extract and lectin. J. Food Sci. 76, T53–T58.
Saini, R.K., Sivanesan, I., Keum, Y., 2016. Phytochemicals of Moringa oleifera: a review
of their nutritional, therapeutic and industrial significance. 3 Biotech 6, 203.
Santos, A.F.S., Argolo, A.C.C., Coelho, L.C.B.B., Paiva, P.M.G., 2005. Detection of
water-soluble lectin and antioxidant component from Moringa oleifera seeds. Water Res.
39, 975-980.
Santos, A.F.S., Luz, L.A., Argolo, A.C.C., Teixeira, J.A., Paiva, P.M.G., Coelho,
L.C.B.B., 2009. Isolation of a seed coagulant Moringa oleifera lectin. Process Biochem.
44, 504-508.

Brazilian Journal of Development, Curitiba, v.7, n.10, p. 94854-94869 oct. 2021

Brazilian Journal of Development 94869
ISSN: 2525-8761

Santos, N.D.L., Moura, K.S., Napoleão, T.H., Santos, G.K.N., Coelho, L.C.B.B.,
Navarro, D.M.A.F., Paiva, P.M.G., 2012. Oviposition-stimulant and ovicidal activities of
Moringa oleifera lectin on Aedes aegypti. PLoS ONE 7, e44840.
Santos, N.D.L., Paixão, K.S., Napoleão, T.H., Trindade, P.B., Pinto, M.R., Coelho,
L.C.B.B., Eiras,A.E., Navarro, D.M.A.F., Paiva, P.M.G., 2014. Evaluation of the
Moringa oleifera seed lectin in traps for capture of Aedes aegypti eggs and mosquitoes
under semi-field conditions. Parasitol. Res. 113, 1837–1842.
Singh, N.P., McCoy, M.T., Tice, R.R., Schneider, E.L., 1988. A simple technique for
quantitation of low levels of DNA damage in individual cells. Exp. Cell Res. 175, 184191.
Sulaiman, M., Zhigila, D.A., Mohammed, K., Umar, D.M., Aliyu, B., Manan, F.A., 2017.
Moringa oleifera seed as alternative natural coagulant for potential application in water
treatment: a review. J. Adv. Rev. Sci. Res. 30, 1-11.
Sung, N.Y., Byun, E.B., Song, D.S., Jin, Y.B., Kim, J.K., Park, J.H., Park, S.H., Song,
B.S., Jung, P.M., Byun, M.W., Lee, J. W., Park, S.H., Kim, J.H., 2013. Effect of gamma
irradiation on mistletoe (Viscum album) lectin-mediated toxicity and immunomodulatory
activity. FEBS Open Bio 3, 106-111.
Villasenor, I.M., Lim-Sylianco, C.Y., Dayrit, F., 1989. Mutagens from roasted seeds of
Moringa oleifera. Mutat. Res. Genet. Toxicol. 224, 209-212.
Yamamoto, S., Tomiyama, M., Nemoto, R., Naganuma, T., Ogawa, T., Muramoto, K.,
2013. Effects of food lectins on the transport system of human intestinal Caco-2 cell
monolayers. Biosci. Biotechnol. Biochem. 77, 1927-1924.

Brazilian Journal of Development, Curitiba, v.7, n.10, p. 94854-94869 oct. 2021

