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Abstract

Background: Moringa oleifera seeds, which are used for water clarification, contain a lectin named WSMoL which has shown 
in vitro antibacterial and immunomodulatory activity. Due to their nutritional value and therapeutic potential, the leaves 
and seeds of this tree are eaten in some communities. Some plant lectins are non-toxic to mammals, but others have been 
reported to be harmful when ingested or administered by other means.

Objective: As one of the steps needed to define the safety of WSMoL, we evaluated possible cardiotoxic effects of this 
purified protein.

Methods: WSMoL was administered for 21 consecutive days to mice by gavage. Electrophysiological, mechanical, and 
metabolic cardiac functions were investigated by in vivo and ex vivo electrocardiographic recordings, nuclear magnetic 
resonance, and high-resolution respirometry.

Results: The treatment with WSMoL did not induce changes in blood glucose levels or body weight in comparison with 
control group. Moreover, the heart weight/body weight and heart weight/tibia length ratios were similar in both groups. Lectin 
ingestion also did not modify glucose tolerance or insulin resistance. No alterations were observed in electrocardiographic 
parameters or cardiac action potential duration. The heart of mice from the control and WSMoL groups showed preserved left 
ventricular function. Furthermore, WSMoL did not induce changes in mitochondrial function (in all cases, p > 0.05).

Conclusions: The administration of WSMoL demonstrated a cardiac safety profile. These results contribute to the safety 
evaluation of using M. oleifera seeds to treat water, since this lectin is present in the preparation employed by some 
populations to this end. (Arq Bras Cardiol. 2020; [online].ahead print, PP.0-0)

Keywords: Moringa Oleífera (WSMoL), Lectins, Glycosides; Carbohydrates; Heart; Water Security; Mice.

Introduction
Moringa oleifera Lamarck (Moringaceae) is a tree that is 

native to the south Himalaya region, widely cultivated on 
Asia and throughout the tropics mainly due to its use for water 
clarification. It has been employed in traditional medicine, as 
well as in food, cosmetic, and pharmaceutical industries,1,2 
and it is also used to treat different diseases, such as cancer 
and chronic and infectious diseases.3,4

A water-soluble lectin isolated from the seeds of M. oleifera 
(WSMoL) has shown insecticidal activity,5-7 and in vitro studies 
demonstrated its antibacterial activity against corrosive and 
pathogenic bacteria.8-10 WSMoL demonstrated in vitro anti-
inflammatory activity on lipopolysaccharide-stimulated murine 

macrophages,11 and it was able to activate human lymphocytes 
from peripheral blood mononuclear cell cultures, showing 
an immunomodulatory effect.12 It has also been proven that 
WSMoL is one of the coagulant proteins found in M. oleifera 
seeds8,13 and it is able to reduce the turbidity and ecotoxicity 
of water samples collected from a polluted stream.14

It is well demonstrated that many antibiotics and some 
classes of anti-inflammatory drugs are usually associated with 
cardiotoxic effects.15,16 The injurious events of these drugs in the 
cardiovascular system include the occurrence of heart failure 
with systolic ventricular dysfunction, arrhythmias, and myocardial 
ischemia.17 Classically, as a consequence of cardiotoxicity, changes 
on the electrocardiogram (ECG) can be observed, such as QT 
interval prolongation, which has been observed in patients who 
have used several classes of antimicrobials, including macrolides 
and fluoroquinolones.18-20 Among macrolides, intravenous 
administration of erythromycin presents the greatest risk.  
It increases the QT interval, and fatal arrhythmias have been 
reported when it was used alone or in combination with other 
QT-prolonging drugs.16 Thus, protection of cardiac function is 
currently a constant challenge for the pharmaceutical industry, 
regulatory authorities, and physicians facing adverse clinical 
reactions to various therapeutic agents in clinical practice.
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WSMoL has emerged as a potential antibacterial drug 
and as an immunomodulatory agent. Some plant lectins are 
non-toxic to mammals,21,22 but others have been reported to 
be harmful when ingested or administered by other means, 
such as intraperitoneal injection.23 Thus, as one of the steps 
needed to define the safety of WSMoL, this study evaluated 
this protein’s possible cardiotoxic effects. 

Methods

Plant material and lectin isolation
Moringa oleifera seeds were collected in Recife 

(Pernambuco, Brazil) with the authorization (no. 38690) of the 
Chico Mendes Institute for Biodiversity Conservation (ICMBio, 
acronym in Portuguese) and stored at −20 ºC. A sample of the 
collected material was stored as a voucher specimen (number 
73345) at the Dárdano de Andrade Lima herbarium of the 
Agronomy Institute of Pernambuco. The access was recorded 
(A6CAB4C) in the National System For The Management 
Of Genetic Heritage And Associated Traditional Knowledge 
(SisGen, acronym in Portuguese).

WSMoL was isolated from seed powder according to 
the protocol previously described by Coelho et al.5 Briefly, 
proteins were extracted in distilled water, and, after filtration 
and centrifugation, the extract was treated with ammonium 
sulfate at 60% saturation24 for 4 h at 28 °C. After another 
centrifugation, the precipitate was resuspended in water and 
dialyzed for 8 h against distilled water (4 h) and 0.15 M NaCl 
(4 h). The dialyzed fraction (100 mg of proteins) was loaded 
onto a chitin column equilibrated with 0.15 M NaCl (20 mL/h 
flow rate) and WSMoL was eluted with 1.0 M acetic acid. 
The isolated lectin was dialyzed against distilled water with three 
liquid changes for eluent elimination. Carbohydrate-binding 
activity of the lectin was monitored during the purification 
process by the hemagglutinating activity assay according to the 
method described by Paiva and Coelho.25

Animals
Adult male C57BL/6 mice were used and maintained at 

the Carlos Chagas Filho Biophysics Institute (IBCCF, acronym 
in Portuguese) of the Federal University of Rio de Janeiro 
(UFRJ, acronym in Portuguese) under controlled conditions of 
constant temperature (23 °C), in a standard light/dark cycle of 
12h/12h with free access to food and water. All experiments 
were performed in accordance with the Ethical Principles in 
Animal Research adopted by the Brazilian College of Animal 
Experimentation, and the the applied protocols received 
approval from the Committee on Ethics in Animal Research of 
UFRJ, under protocol number DFBCICB041. The mice were 
used for experiments for 21 days.

Experimental conditions
The animals were separated into two experimental groups: 

CNTRL (control group) and WSMoL (animals treated with 
WSMoL). Several studies by our group have extensively 
performed experiments with WSMoL using concentrations 
ranging from 10 μg/ml to 0.2 mg/ml5-12 in order to test several 
biological effects of WSMoL. In the present study, in order 

to test its cardiotoxicity of this purified protein, a 10 times 
higher concentration of WSMoL was used. Thus, the animals 
of the WSMoL group were treated with the lectin (purified 
protein) via gavage, at a concentration of 5 mg/kg body weight 
(equivalent to 2 mg/ml) for 21 days. The animals in the CNTRL 
group were treated with milli-Q water via gavage for 21 days.

Cardiac hypertrophy
In order to evaluate the existence of possible cardiac 

hypertrophy, the mice’s hearts were weighed, and data were 
normalized by calculating the heart weight/body weight 
(HW/BW) and heart weight/tibia length (HW/TL) ratios.26,27 
After weighing, the animals were euthanized by cervical 
dislocation. Subsequently, the hearts were extracted, washed 
with phosphate buffered saline (PBS), dried to remove liquid 
excess, and weighed. The length of the tibia was measured 
with a caliper.

Fasting glucose, intraperitoneal glucose tolerance test, and 
intraperitoneal insulin tolerance test

Fasting blood glucose (FBG) concentrations were 
determined from tail vein blood using an automated 
glucometer (ContourTM TS Bayer). For intraperitoneal glucose 
tolerance test (IPGTT) and intraperitoneal insulin tolerance 
test (IPITT), mice were fasted for 6 h and 4 h, respectively. 
After the fasting period, animals received intraperitoneally 2 
g/kg of glucose for IPGTT or 0.5 IU/kg of insulin for IPITT,28 
and FBG levels were monitored 0, 15, 30, 60, 120 min after 
injection from a tail snip. The area under the curve (AUC) 
was calculated using all the time points, discounting baseline 
glucose values from each animal.

Electrocardiography and echocardiography
In order to assess the cardiac electrical activity in vivo, 

an electrocardiogram (ECG) recording was carried out in 
conscious animals using a noninvasive method,29 namely, two 
subcutaneous electrodes were implanted under isoflurane 
anesthesia in the right and left forepaws, corresponding to 
ECG lead I. At the time of registration, the electrodes were 
connected by flexible cables to a homemade DC-coupled 
differential amplifier (kindly provided by Dr. Ariel Escobar, 
University of California, Merced, USA) using a 500 Hz 
low-pass filter and an acquisition frequency of 1 kHz. 
The signal was digitized using Digidata 1440A (Axon 
Instruments, San José, CA, USA) and recorded using a 
Labview-based acquisition program (National Instruments, 
Austin, TX, USA). The durations of the following intervals 
were analyzed: PR, RR, QRS, and QJ.

Cardiac function was evaluated by in vivo echocardiography 
(ECHO) using the Vevo 770 High-Resolution Imaging System 
(VisualSonics, Toronto, Canada) coupled to a 30 MHz 
transductor, under isoflurane anesthesia. Images were acquired 
in bidimensional mode and analyzed by a blinded investigator. 
Left ventricular end-diastolic volume, end-systolic volume, 
ejection fraction, and fractional area change were calculated 
using Simpson’s method. In brief, these parameters of cardiac 
function were evaluated in a long parasternal axis view and four 
high-temporal resolution B-mode short-axis images, taken at 
different ventricular levels, as described previously.30
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Action potential
In order to perform intact cardiac action potential (AP) 

records, a Langendorff retrograde perfusion system was used 
to maintain the hearts functional ex vivo for hours, as previously 
described.31,32 To avoid tissue damage by the formation of 
blood clots, animals were injected intraperitoneally with Na+-
heparin 15 min before euthanization by cervical dislocation. 
Hearts were rapidly removed, cannulated by the aorta, and 
perfused continuously with an oxygenated Tyrode solution 
containing the following, (in mM): NaCl 140, KCl 5.3, 
CaCl2 2, MgCl2 1, NaPO4H2 0.33, HEPES 10, and glucose 
10. The pH was calibrated to 7.4 with NaOH at 32 ºC.  
To decrease mechanical contraction, the hearts were 
perfused with Tyrode containing 4 mM of Blebbistatin 
(Selleckchem, Houston, TX, USA).

To record electrical signals, borosilicate glass (10-40 
MΩ) microelectrodes were used. These microelectrodes 
were filled with 3 M KCl solution and inserted into a holder 
(MEH1SF12, World Precision Instrument [WPI], Sarasota, FL, 
USA) embedded in a micromanipulator (MM33 links, WPI) 
connected to the input of a pre-amplifier (Electro 705, WPI). 
The microelectrodes were placed on the surface of the left 
ventricle and the reading of the microelectrode was set to zero. 
Amplified signals were digitalized (NI USB 6281, National 
Instrument) and analyzed with a homemade program in 
LabView (kindly developed and provided by Dr. Ariel Escobar, 
University of California, Merced, CA, USA).

The parameters analyzed were action potential duration (APD) 
at 30% and 90% repolarization (APD30 and APD90, respectively).

Isolation of mice heart mitochondria
Isolation of mitochondria from the hearts was adapted 

from the protocol described by Affourtit et al.33 with minor 
modifications. The hearts were rapidly dissected and rinsed in 
ice-cold Chappell-Perry (CP) buffer containing the following 
(in mM): KCl 100, Tris-HCl 50, EGTA 2 at pH 7.2). The hearts 
were weighed, minced with razor blades and washed 4 to 
5 times with CP buffer. The tissue was subsequently incubated 
for 5 min with CP buffer supplemented with 0.5% albumin, 
5 mM MgCl2, 1 mM ATP, and 125 U/100 mL protease type 
VIII, at a proportion of 1 mL/100 mg of tissue. The hearts 
were then homogenized (Ultra-turrax homogenizer [IKA®, 
Campinas, SP, Brazil], low setting, 3 s, 3 times) and the resultant 
homogenate was centrifuged. The supernatant was centrifuged 
and the pellet was washed and resuspended into ice-cold CP 
buffer and finally centrifuged. The final mitochondrial pellet 
was resuspended into a small volume of CP buffer. The protein 
dosage of the obtained preparation was performed by the 
method described by Lowry et al.34. The isolated mitochondrial 
preparations were subjected to high resolution respirometry 
to measure the fluxes of oxygen consumption.

High resolution respirometry
For the analyses of the oxygen consumption, isolated 

mitochondria were used. The experiments were performed 
on a high-resolution O2k-respirometer (Oroboros Instruments, 
Innsbruck, Austria, EU) at 37°C with mitochondrial respiration 
media (MIR05) containing the following (in mM): EGTA 0.5, 

MgCl2 3, K-MES 60, taurine 20, KH2PO4 20, HEPES 20, sucrose 
110 and 1 g/L fat free BSA at pH 7.1. The protocol used to 
evaluate mitochondrial function was adapted from Pesta and 
Gnaiger,35 consisting of sequential addition of multiple substrates 
and inhibitors, namely, the following: 5 mM pyruvate, 2.5 mM 
malate, 10 mM glutamate, 100 μM adenosine 5’-diphosphate 
(ADP), 1 mM ADP, 10 mM succinate, 0.2 μg/mL oligomycin, and 
2 μM antimycin A. Respiratory control ratio (RCR) was calculated 
by the oxygen flux after addition of succinate in the presence 
of ADP, divided by the flux after oligomycin. The maximal 
phosphorylative capacity of electron transport system (OXPHOS) 
was calculated by the oxygen consumption following addition 
of succinate minus residual oxygen consumption (ROX), which 
was estimated after the addition of antimycin A. The non-specific 
leak of protons was determined by oxygen flux insensitive to 
oligomycin minus ROX. Another distinct protocol was performed 
by changing the sequence of the substrates in order to calculate 
the electron leakage, the ratio of hydrogen peroxide (H2O2) 
production by O2 flux. The order of titration of this protocol was 
the following: 5 mM pyruvate, 2.5 mM malate, 10 mM glutamate, 
10 mM succinate, 1 mM ADP, and 0.2 μg/mL oligomycin. Data 
were analyzed in DatLab 5 software (Oroboros Instruments) and 
expressed in pmol O2/mg/s.

Mitochondrial H2O2 production
Mitochondrial H2O2 was measured by monitoring the 

resorufin appearance rate at 563/587 nm (excitation/
emission) in a fluorescence spectrophotometer (Varian 
Cary Eclipse, Agilent Technologies, Santa Clara, CA, USA). 
The same concentration of isolated mitochondria used in 
the oxygen consumption experiments was added in 2 mL 
of MIR05 supplemented with 5.5 μM Amplex red, 2 U/mL  
peroxidase, and 40 U/mL superoxide dismutase. The assays 
of H2O2 production were performed at 37 ºC, and the 
substrates, inhibitors, and uncouplers were added every 
2 min in the following order: 5 mM pyruvate, 2.5 mM 
malate, 10 mM glutamate, 10 mM succinate, 1 mM ADP, 
0.2 μg/mL oligomycin, 2 titres of 0.5 μM carbonyl cyanide-
4-(trifluoromethoxy) phenylhydrazone (FCCP), and 2 μM 
antimycin A. The data generated in arbitrary units of 
fluorescence were analyzed in Origin Pro-8 software (Origin 
Lab Corporation, Northampton, MA, USA) and normalized 
to pmol of H2O2/mg/min from standard calibration curves 
of H2O2 performed in the presence of the same number of 
isolated mitochondria for each experiment.

Statistical analysis
Values are expressed as mean ± SD or median (with 

interquartile range). In order to compare the results between 
CNTRL and WSMoL, unpaired Student’s t test was used, when 
appropriate. On the other hand, data showing non-Gaussian 
distribution (Kolmogorov-Smirnov test) were compared by 
the Mann-Whitney test. Differences between variables were 
considered significant when p value was < 0.05. All analyses 
were performed using GraphPad Prism 7.0 (GraphPad 
Software, San Diego, CA, USA). We did not use statistical 
methods to predetermine sample size. Samples sizes were 
estimated on the basis of sample availability and previous 
experimental studies of the cardiovascular system.29,30
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Results
The 21-day treatment with WSMoL did not induce changes 

(p > 0.05) in blood glucose levels (Figure 1A) or body weight 
(Figure 1B) in comparison with CNTRL group. In addition, 
the HW/BW (Figure 1C) and HW/TL (Figure 1D) ratios were 
similar (p > 0.05) in both groups, indicating that no cardiac 
hypertrophy was developed. The treatment also did not 
modify glucose tolerance (Figure 1E) or insulin resistance 
(Figure 1F) in comparison with untreated mice (p > 0.05), 
revealing absence of alterations in carbohydrate metabolism.

Figure 2 shows the ECG parameters at day 21 of treatment. 
The PR, RR, QRS, and QJ intervals (Figure 2C–F) were not 
significantly different (p > 0.05) between the WSMoL and 
CNTRL groups. The APD30 and APD90 were similar (p > 0.05) 
between untreated and treated mice (Figure 2G–J). Thus, the 
data obtained here consistently demonstrated that WSMoL 
treatment was safe for the electrical behavior of mouse heart. 

Since some antibiotics have been shown to be able to 
impair left ventricular function and structure, we studied the 
left ventricular function in detail by ECHO (Figure 3). The mice 
from both CNTRL and WSMoL groups showed preserved left 
ventricular structure and function, as indicated by the absence 
of significant differences (p > 0.05) in the following parameters: 
ejection fraction (Figure 3A), fractional area change (Figure 3B), 
stroke volume (Figure 3C), end-diastolic volume (Figure 3D), 
end-systolic volume (Figure 3E), and left ventricular mass 
(Figure 3F). Taken together, these data show that WSMoL 
treatment did not impair left ventricular function.

Finally, in order to verify whether WSMoL interferes 
in the physiology of heart mitochondrial function, we 
performed experimental approaches to analyze two important 
mitochondrial functions: oxidative phosphorylation and 
reactive oxygen species production. The 21-day treatment with 
WSMoL did not induce alterations in the mitochondrial oxygen 
consumption, as can be observed in Figure 4A–E. In addition, 
the treatment did not interfere in the rate of H2O2 production in 
the presence of different substrates, inhibitors, and uncouplers 
(Figure 4F), nor did it alter electron leakage (Figure 4G) when 
compared to the CNTRL group.

Discussion
The high toxicity of some drugs currently used for treatment 

of several diseases is a major concern in health systems. 
For example, several classes of antibiotics are cardiotoxic.18-20 
In this scenario, natural compounds have been increasingly 
studied due to their potential for drug discovery and 
development.36 However, it is also important to evaluate 
the safety of natural compounds used for food and medical 
purposes. Previous studies by our group demonstrated the 
antibacterial and immunomodulatory activities of WSMoL,8-10 
which is also a coagulant protein from M. oleifera seeds.  
In this study, we evaluated possible cardiotoxic effects of orally 
administrated WSMoL on mice. Safety studies are imperative, 
even when lectins are administered orally, since it has been 
reported that some proteins of this class can cross the intestinal 
barrier and be found systemically.37

Figure 1 – WSMoL treatment for 21 days did not induce metabolic alterations. (A) Blood glucose levels after 21 days of treatment with saline (CNTRL) or WSMoL (WSMoL) 
solution (CNTRL n = 14 mice and WSMoL n = 11 mice), (B) body weight of CNTRL and WSMoL groups (CNTRL n = 14 mice and WSMoL n = 11 mice), (C) heart weight/
body weight ratio (CNTRL n = 8 mice and WSMoL n = 7 mice) and (D) heart weight/tibia length ratio, showing that the treatment with 5mg/kg body weight of WSMoL 
preserves cardiac structure (CNTRL n = 8 mice and WSMoL n = 7 mice), (D) intraperitoneal glucose tolerance test and (E) intraperitoneal insulin tolerance test with their 
correspondent AUC graphs on inset (CNTRL n = 9 mice and WSMoL n = 7 mice). Each dot represents individual values and lines represent mean values. ○: CNTRL mice; 
●: WSMoL mice. Comparisons between groups were performed using unpaired Student’s t test. The results are shown as mean ± SD.
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Figure 2 – WSMoL did not impair in vivo or in vitro cardiac electrical activity. Representative in vivo ECG recordings of (A) CNTRL and (B) WSMoL groups. (C) PR, 
(D) RR, (E) QRS and (F) QJ intervals summarized the data obtained after 21 days of WSMoL treatment (CNTRL n = 7 mice; 2,034 measurements and WSMoL n = 7 
mice; 2,038 measurements). Each dot represents individual values and lines represent mean values. Representative in vitro recordings of ventricular action potential 
of (G) CNTRL and (H) WSMoL groups are showed. The effect of WSMoL treatment on action potential duration at (I) 30% and (J) 90% repolarization are summarized 
(CNTRL n = 5 hearts; 483 measurements, and WSMoL n = 4 hearts; 545 measurements). Each dot represents individual measurements and lines represent mean 
values. Comparisons between groups were performed using unpaired Student’s t test, and data that did not show Gaussian distribution (Kolmogorov-Smirnov test) were 
compared by the Mann Whitney test. ○: CNTRL mice; ●: WSMoL mice. The results are shown as mean ± SD for data with Gaussian distribution and as median and 
interquartile range for data with non-Gaussian distribution.
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There is a belief that the natural origin of a product 
guarantees its safety to humans. However, some natural 
compounds may exert toxic effects, including on the cardiac 
level. For example, the alkaloid aconitine, an ingredient of 
Fuzi (a traditional Chinese medicine), was pointed out as the 
cause of bidirectional ventricular tachycardia.38

It is also well known that several antibiotics are able to 
block hERG potassium channels, prolonging the QT interval 
and the APD.39-41 Guo et al.42 observed a prolongation of APD 
using erythromycin in neonatal mouse ventricular myocytes. 
Zhang M. et al.43 also showed that azithromycin, when 
administered in guinea pigs, caused significant prolongations 
of APD50 and APD90.

Accordingly, we evaluated the effects of WSMoL treatment 
on the cardiac electric activity both in vivo and ex vivo, in mice, 
observing that it was cardiologically safe.

Another effect observed in some antibiotics is the 
impairment of left ventricular function and structure, as 
observed by Zhang M. et al.43. Furthermore, some studies 
have shown that antibiotics and other natural compounds can 
impair mitochondrial function.44,45 However, after 21 days of 
WSMoL treatment, we observed that left ventricular function 
and mitochondrial function were preserved.

Conclusion
The data presented here indicate that the administration 

of WSMoL by gavage did not have cardiotoxic effects on mice 
treated for 21 days. These results contribute to the safety 
evaluation of the use of M. oleifera seeds to treat water, since 
this lectin is present in the preparation employed by some 
populations to this end.
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Figure 3 – Left ventricular function and structure were preserved after WSMoL treatment. The results obtained by ECHO from both groups are summarized in the following: 
(A) ventricular ejection fraction, (B) fractional area change, (C) stroke volume, (D) final diastolic and (E) final systolic volume, and (F) left ventricular mass (CNTRL n = 7 
mice and WSMoL n = 10 mice). Comparisons between groups were performed using unpaired Student’s t test. Each dot represents individual values and lines represent 
mean values. ○: CNTRL mice; ●: WSMoL mice. The results are shown as mean ± SD.
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Figure 4 – WSMoL did not alter mitochondrial function after 21 days of treatment. (A) O2 consumption fluxes in high-resolution respirometry of CNTRL and WSMoL groups, 
(B) respiratory control ratio (RCR), (C) maximal phosphorylative capacity of electron transport system (OXPHOS), (D) non-specific leak of protons (LEAK), (E) residual 
oxygen consumption (ROX), (F) rates of mitochondrial H2O2 production, and (G) electron leakage of CNTRL and WSMoL groups. (CNTRL n = 4 hearts and WSMoL 
n = 5 hearts). Each dot represents individual values and lines represent mean values. ○: CNTRL mice; ●: WSMoL mice. Comparisons between groups were performed 
using unpaired Student’s t test, and data that did not show Gaussian distribution (Kolmogorov-Smirnov test) were compared by the Mann Whitney test. The results are 
shown as mean ± SD for data with Gaussian distribution and as median and interquartile range for data with non-Gaussian distribution.

A

C DB E

F G

CNTRL WsMoL CNTRL WsMoL CNTRL WsMoL CNTRL

CNTRL

WsMoL

WsMoL

CNTRL

WsMoL

CNTRL

WsMoL

15000

10000

5000

0 Basal

PM G D (Std3)

D (Std4)

D (Max)

Omy

Ama

S

Basal

PMG

Succ

ADP

Oligo

FCCP

FCCP

Ama

PMG

Succ

ADP

Oligo

8 10000

10000 0.10

0.08

0.06

0.04

0.02

0.00

8000

6000

4000

2000

0

7500

5000

2000

1500

1000

500

500

400

300

200

100

00

2500

0

6

4

2

0

(p
m

ol
 O

2/m
g/

se
c)

H 2O 2 p
ro

du
ct

io
n

(p
m

ol
 O

2/m
g/

se
c)

O 2 fl
ux

 (p
m

ol
/m

g/
se

c)

El
ec

tro
n 

lea
ka

ge
(ra

tio
 H

2O 2 flu
x/O

2 flu
x)

(p
m

ol
 O

2/m
g/

se
c)

(p
m

ol
 O

2/m
g/

se
c)

1. Hassan FAG, Ibrahim MA. Moringa oleifera: nature is most nutritious and 
multi purpose tree. Int J Sci Res Publ. 2013;3(4):1-5.

2. Santos A, Luz LA, Pontual EV, Napoleão TH, Paiva PMG, Coelho LCBB. 
Moringa oleifera: resource management and multiuse life tree. Adv Res. 
2015;4(6):388-402.

3. Sreelatha S, Jeyachitra A, Padma PR. Antiproliferation and induction of 
apoptosis by Moringa oleifera leaf extract on human cancer cells. Food Chem 
Toxicol. 2011;49(6):1270-5.

4. Vergara-Jimenez M, Almatrafi M, Fernandez M. Bioactive components 
in Moringa oleifera leaves protect against chronic disease. Antioxidants. 
2017;6(4):pii:E91. 

5. Coelho JS, Santos ND, Napoleão TH, Gomes FS, Ferreira RS, Zingali RB, et 
al. Effect of Moringa oleifera lectin on development and mortality of Aedes 
aegypti larvae. Chemosphere. 2009;77(7):934-8.

6. de Oliveira CFR, de Moura MC, Napoleão TH, Paiva PMG, Coelho LCBB, 
Macedo MLR. A chitin-binding lectin from Moringa oleifera seeds (WSMoL) 
impairs the digestive physiology of the Mediterranean flour larvae, Anagasta 
kuehniella. Pestic Biochem Physiol. 2017 Oct;142:67-76.

7. Santos ND, de Moura KS, Napoleão TH, Santos GK, Coelho LC, Navarro 
DM, et al. Oviposition-stimulant and ovicidal activities of Moringa oleifera 
lectin on Aedes aegypti. PloS One. 2012;7(9):e44840.

8. Ferreira RS, Napoleão TH, Santos AF, Sá RA, Carneiro-da-Cunha 
MG, Morais MM, et al. Coagulant and antibacterial activities of the 
water-soluble seed lectin from Moringa oleifera. Lett Appl Microbiol. 
2011;53(2):186-92.

9. Moura MC, Trentin DS, Napoleão TH, Primon-Barros M, Xavier AS, Carneiro 
NP, et al. Multi-effect of the water-soluble Moringa oleifera lectin against 
Serratia marcescens and Bacillus sp.: antibacterial, antibiofilm and anti-
adhesive properties. J Appl Microbiol. 2017;123(4):861-74.

10. Moura MC, Napoleão TH, Coriolano MC, Paiva PM, Figueiredo RC, Coelho 
LC. Water-soluble Moringa oleifera lectin interferes with growth, survival 
and cell permeability of corrosive and pathogenic bacteria. J Appl Microbiol. 
2015;119(3):666-76.

11. Araújo LC, Aguiar JS, Napoleão TH, Mota FV, Barros AL, Moura MC, et al. 
Evaluation of cytotoxic and anti-inflammatory activities of extracts and lectins 
from Moringa oleifera seeds. PLoS One. 2013;8(12):e81973.

References

7



Original Article

Yurre et al.
Evaluation of the cardiac effects of WSMoL

Arq Bras Cardiol. 2020; [online].ahead print, PP.0-0

12. Coriolano MC, de Santana Brito J, de Siqueira Patriota LL, de Araujo Soares AK, 
de Lorena VMB, Paiva PMG, et al. Immunomodulatory effects of the water-
soluble lectin from Moringa oleifera seeds (WSMoL) on human peripheral 
blood mononuclear cells (PBMC). Protein Pept Lett. 2018;25(3):295-301.

13. de Moura KS, da Silva HR, Dornelles LP, Coelho LC, Napoleão TH, de Oliveira 
MD, et al. Coagulant activity of water-soluble moringa oleifera lectin is linked 
to lowering of electrical resistance and inhibited by monosaccharides and 
magnesium ions. Appl Biochem Biotechnol. 2016;180(7):1361-71.

14. Freitas JHES, de Santana KV, do Nascimento ACC, de Paiva SC, de Moura 
MC, Coelho LCBB, et al. Evaluation of using aluminum sulfate and water-
soluble Moringa oleifera seed lectin to reduce turbidity and toxicity of 
polluted stream water. Chemosphere. 2016 Nov;163:133-41.

15. Costache II, Petriş A. Cardiotoxicity of anthracyclines. Rev Med Chir Soc 
Med Nat Iasi. 2011;115(4):1200–7.

16. Iannini PB. Cardiotoxicity of macrolides, ketolides and fluoroquinolones 
that prolong the QTc interval. Expert Opin Drug Saf. 2002;1(2):121-8.

17. De Vecchis R, Ariano C, Di Biase G, Noutsias M. Malignant ventricular 
arrhythmias resulting from drug-induced QTc prolongation: a retrospective 
study. J Clin Med Res. 2018;10(7):593-600.

18. Li X, Wang M, Liu G, Zhou L, Wang Z, Li C. Macrolides use and the risk of 
sudden cardiac death. Expert Rev Anti Infect Ther. 2016;14(6):535-7.

19. Liu X, Ma J, Huang L, Zhu W, Yuan P, Wan R, et al. Fluoroquinolones increase 
the risk of serious arrhythmias: a systematic review and meta-analysis. 
Medicine (Baltimore). 2017;96(44):e8273.

20. Quinn KL, Macdonald EM, Gomes T, Mamdani MM, Huang A, Juurlink DN, 
et al. Macrolides, digoxin toxicity and the risk of sudden death: a population-
based study. Drug Saf. 2017;40(9):835-40.

21. da Silva PM, de Moura MC, Gomes FS, da Silva Trentin D, Silva de Oliveira 
AP, de Mello GSV, et al. PgTeL, the lectin found in Punica granatum juice, is 
an antifungal agent against Candida albicans and Candida krusei. Int J Biol 
Macromol. 2018 Mar;108:391-400.

22. Procópio TF, de Siqueira Patriota LL, de Moura MC, da Silva PM, de Oliveira 
APS, do Nascimento Carvalho LV, et al. CasuL: a new lectin isolated from 
Calliandra surinamensis leaf pinnulae with cytotoxicity to cancer cells, 
antimicrobial activity and antibiofilm effect. Int J Biol Macromol. 2017 
May;98:419-29.

23. Dang L, Van Damme EJM. Toxic proteins in plants. Phytochemistry. 2015 
Sep;117:51-64.

24. Green AA, Hughes WL. Protein fractionation on the basis of solubility in 
aqueous solutions of salts and organic solvents. In: Methods in Enzymology. 
Amsterdam: Elsevier BV; 1955.

25. Paiva PMG, Coelho LCBB. Purification and partial characterization of two 
lectin isoforms from Cratylia mollis mart. (camaratu bean). Appl Biochem 
Biotechnol. 1992;36(2):113-8.

26. Schaible TF, Scheuer J. Effects of physical training by running or swimming 
on ventricular performance of rat hearts. J Appl Physiol. 1979;46(4):854-60.

27. Yin FC, Spurgeon HA, Rakusan K, Weisfeldt ML, Lakatta EG. Use of tibial 
length to quantify cardiac hypertrophy: application in the aging rat. Am J 
Physiol. 1982;243(6):H941-7.

28. Arguin G, Bourzac J-F, Placet M, Molle CM, Paquette M, Beaudoin J-F, et al. 
The loss of P2X7 receptor expression leads to increase intestinal glucose 
transit and hepatic steatosis. Sci Rep. 2017;7(1):12917.

29. Monnerat G, Alarcón ML, Vasconcellos LR, Hochman-Mendez C, Brasil G, 
Bassani RA, et al. Macrophage-dependent IL-1β production induces cardiac 
arrhythmias in diabetic mice. Nat Commun. 2016 Nov;7:13344.

30. Benavides-Vallve C, Corbacho D, Iglesias-Garcia O, Pelacho B, Albiasu E, 
Castaño S, et al. New strategies for echocardiographic evaluation of left 
ventricular function in a mouse model of long-term myocardial infarction. 
PLoS One. 2012;7(7):e41691.

31. Ferreiro M, Petrosky AD, Escobar AL. Intracellular Ca 2+ release underlies the 
development of phase 2 in mouse ventricular action potentials. Am J Physiol 
Heart Circ Physiol. 2012;302(5):H1160-72.

32. Mejía-Alvarez R, Manno C, Villalba-Galea CA, del Valle Fernández L, 
Costa R, Fill M, et al. Pulsed local-field fluorescence microscopy: a new 
approach for measuring cellular signals in the beating heart. Pflüg Arch. 
2003;445(6):747-58.

33. Affourtit C, Quinlan CL, Brand MD. Measurement of proton leak and electron 
leak in isolated mitochondria. Methods Mol Biol. 2012;810:165-82.

34. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with 
the Folin phenol reagent. J Biol Chem. 1951;193(1):265-75.

35. Pesta D, Gnaiger E. High-resolution respirometry: OXPHOS protocols for 
human cells and permeabilized fibers from small biopsies of human muscle. 
Methods Mol Biol. 2012;810:25-58.

36. Newman DJ, Cragg GM. Natural products as sources of new drugs from 1981 
to 2014. J Nat Prod. 2016;79(3):629-61.

37. Lehr CM. Bioadhesion technologies for the delivery of peptide and 
protein drugs to the gastrointestinal tract. Crit Rev Ther Drug Carrier Syst. 
1994;11(2-3):119-60.

38. Zhao YT, Wang L, Yi Z. An unusual etiology for bidirectional ventricular 
tachycardia. Can J Cardiol. 2016;32(3):395.e5-6.

39. Han SN, Yang SH, Zhang Y, Duan YY, Sun XY, Chen Q, et al. Blockage of hERG 
current and the disruption of trafficking as induced by roxithromycin. Can J 
Physiol Pharmacol. 2013;91(12):1112-8.

40. Kauthale RR, Dadarkar SS, Husain R, Karande VV, Gatne MM. Assessment 
of temperature-induced hERG channel blockade variation by drugs. J Appl 
Toxicol. 2015;35(7):799-805.

41. Nogawa H, Kawai T, Yajima M, Miura M, Ogawa T, Murakami K. Effects 
of probucol, a typical hERG expression inhibitor, on in vivo QT interval 
prolongation in conscious dogs. Eur J Pharmacol. 2013;720(1-3):29-37.

42. Guo J, Zhan S, Lees-Miller JP, Teng G, Duff HJ. Exaggerated block of hERG 
(KCNH2) and prolongation of action potential duration by erythromycin 
at temperatures between 37 degrees C and 42 degrees C. Heart Rhythm. 
2005;2(8):860-6.

43. Zhang M, Xie M, Li S, Gao Y, Xue S, Huang H, et al. Electrophysiologic studies 
on the risks and potential mechanism underlying the proarrhythmic nature 
of azithromycin. Cardiovasc Toxicol. 2017;17(4):434-40.

44. Singh R, Sripada L, Singh R. Side effects of antibiotics during bacterial 
infection: mitochondria, the main target in host cell. Mitochondrion. 2014 
May;16:50-4.

45. Warmbrunn, MV, Schilling JM, Dhanani M, Glukhov E, Gerwick LG, Gerwick 
WH, et al. Novel marine compounds modulate mitochondrial function 
in H9c2 cells: potential new pharmaceutical targets to control cardiac 
metabolism. FASEB J. 2018;32(1 suppl):702.1.

8



Original Article

Yurre et al.
Evaluation of the cardiac effects of WSMoL

Arq Bras Cardiol. 2020; [online].ahead print, PP.0-0

This is an open-access article distributed under the terms of the Creative Commons Attribution License

9


