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Fragilidade Osmdtica Eritrocitaria e Atividade Citotoxica do Extrato
Aquoso de Indigofera Suffruticosa Mill (Fabaceae)

Resumo: Indigofera suffruticosa Mill (Fabaceae) ocorre em abundancia no nordeste do Brasil e tem intenso uso popular no
tratamento de processos infecciosos e inflamatoérios. Diversas atividades biolégicas, como anti-inflamatdria, anticancer, antitumoral,
protetor do figado e baixa toxicidade sdo relatados para esta planta. O objetivo deste estudo foi investigar a fragilidade osmética e
propriedade citotdxica do extrato aquoso de folhas de . suffruticosa. O extrato aquoso de folhas de I. suffruticosa (EAFIs) foi obtido
por maceragao, filtragdo e posteriormente liofilizado, sendo utilizados no ensaio de fragilidade osmética com sangue de carneiro e
efeito citotdxico no ensaio Allium cepa. A fragilidade osmética eritrocitdria apresentou baixo nivel de hemdlise, tanto pela avaliagdo
qualitativa do sobrenadante quanto pelo resultado do percentual hemolitico. Para a avaliagdo citotéxica com Allium cepas ndo foram
identificadas anormalidades cromossdmicas como também diferengas no processo de divisdo celular (interfase, profase, metafase
anafase e teléfase) entre o grupo controle e os grupos submetidos as diferentes concentracdes do EAFIs (50 pg.mL™, 500 ug.mL'e
1000 pg.mL?). Contudo, o extrato na concentragdo de 50 pg.mL™* em relagdo as concentracdes de 500 pg.mL’e 1000 ug.mL?
apresentou maior desenvolvimento radicular. Concluindo-se que o AEFIs demonstrou baixo indice de hemdlise e auséncia de
anormalidade cromossOmica ou alteragdo nas fases das divisGes celulares, sugerindo integridade da membrana celular e baixo nivel
de toxicidade.

Palavras-chave: Indigofera suffruticosa; acdo hemolitica; citotoxicidade; divisdo celular.

Abstract

Indigofera suffruticosa Mill (Fabaceae) occurs in abundance in northeastern Brazil and has intense popular use in the treatment of
infectious and inflammatory processes. Various biological activities, such as anti-inflammatory, anticancer, antitumor, liver protector
and low toxicity are reported for this plant. The aim of this study was to investigate the osmotic fragility and cytotoxic properties of
aqueous leaf extracts from /. suffruticosa. The aqueous extract of /. suffruticosa leaves (AELIs) was obtained by maceration, filtration
and later lyophilized, being used in the osmotic fragility test with sheep blood and cytotoxic effect in the Allium cepa assay. The
erythrocyte osmotic fragility test showed low hemolysis levels, in the qualitative evaluation of the supernatant and in the result of
the hemolytic percentage. Cytological examination with Allium cepa, no chromosomal abnormality were identifie, neither in the
process of cell division (Interphase, prophase, metaphase, anaphase, telophase) between the control group and the groups of the
experiment with different concentration of AELIs (50 ug.mL?, 500 pug.mL*e 1000 pg.mL?). No chromosomal abnormalities or
alterations in the cell division phases were found. However, the extract at the concentration of 50 pg.mL* presented a root
development when compared to 500 pg.mL* and 1000 pg.mL™. It is concluded that the AELIs shows low hemolysis index and absence
of chromosomal abnormality or alteration in the phases of the cell divisions, suggesting cell membrane integrity and low toxicity
level.

Keywords: Indigofera suffruticosa; hemolytic action; cytotoxicity; cell division.
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1. Introduction

Erythrocyte osmotic fragility (EOS) can be
defined as the erythrocyte resistance to
hemolysis, evaluated by the use of buffered
solutions of NaCl in distilled water in
concentrations decreasing from 0.85 % to 0 %.!
Cell volume control through the active
elimination of solutes is one of the mechanisms
by which lysis of the erythrocyte membrane is
prevented in vivo.? Several intrinsic and extrinsic
factors influence osmotic fragility of
erythrocytes, such as erythrocyte shape, volume
and size, type and amount of hemoglobin, as
well as differences in membrane viscoelasticity
and chemical and structural composition of
erythrocytes or increase thereof under different
conditions.”® Toxicological studies are an
important tool to evaluate the adverse effects of
chemical compounds on living organisms.
Among these, toxicology seeks to investigate the
diversity of chemical or physical agents and
vegetal nature, during any periods of life.*

The Allium cepa test is commonly used in
toxicological assays, in studies with plant
extracts, to evaluate macroscopic aspects
such as alteration of color, shape and root size,
in addition to microscopic characteristics such
as alterations in the division of onion
meristematic cells.®

Indigofera suffruticosa Mill (Fabaceae)
occurs abundantly in northeastern Brazil and has
intense popular use in the treatment of
infections, inflammations and other processes,
showing no reports of side effects that are
harmful to humans. The phytochemical
investigation of leaf extracts of I. suffruticosa
revealed the presence of alkaloids, flavonoids,
steroids, proteins, carbohydrate triterpenes and
indigo.® Pharmacological studies have shown
that aqueous extract of leaves of I. suffruticosa
present the following activities: anti-
inflammatory,® embryotoxic,” antimicrobial,®
anticancer and antitumor alternative therapy.’
The aqueous extract of /. suffruticosa leaves has
been shown to inhibit the development of egg
hatching, larval ecdysis and the deterrent effect
on oviposition of Aedes aegypti mosquitoes.’?
Mice with sarcoma 180 showed liver response

Ve

after sub-chronic treatment with /. suffruticosa
extract.! The phytochemical study of three (3)
bis-indolic alkaloid fractions; Indigo and
Indirubin from /. suffruticosa leaves were
identified, isolated and purified.’® However, few
reports are available on the toxicological
properties of [ suffruticosa, especially its
genotoxic effects. Due to the anti-inflammatory,
anticancer and antitumor properties, liver
protective agent and low toxicity level,
previously reported, our hypothesis is that the
plant has low hemolytic effects and cytotoxicity.
The aim of this study was to evaluate the effect
of aqueous extract of I. suffruticosa leaves on the
osmotic fragility of sheep blood, cytotoxic and
genotoxic properties on Allium cepa.

2. Materials and Methods

2.1. Plant material

The Indigofera suffruticosa species was
collected in the neighborhood of Varzea in the
city of Recife, in March 2018. It was cataloged
at the UFP - Geraldo Mariz Herbarium of the
Federal University of Pernambuco (UFPE)
under the number 83424 at the UFPE
Bioscience Center.

2.2. Obtaining the aqueous extract of
leaves of Indigofera suffruticosa (AELIs)

The extracts were obtained through
the maceration method described by Leite et
al.® The newly collected dried leaves (300 g)
were reduced to small fragments and the
extraction procedure occurred at room
temperature for 72 hours with distilled water
in @ 1:100 ratio. After that the extract was
filtered and subjected to lyophilization at -18
°Cto 13.3 °Cin ayield of 2.38 g.

2.3. Osmotic fragility assay

The osmotic fragility assay followed the
methodological procedures described by
Dacie and Lewis.!? Samples of commercial
lamb blood were purchased from Laborclin®
(25 pL). Then, 5mL of 0.9 % NacCl saline was
distributed in 7 tubes. In tube 0, 25 uL of lamb
blood was added and incubated for 30
minutes. The following tubes from 1to 6
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received AELIs at the concentrations: 1000
pg.mL?; 750 pg.mL?; 500 pg.mL?; 250 pg.mL
1100 pg.mL?; 50 pg.mL? respectively. Then
each tube received 25 pL of lamb blood and
was incubated for 30 minutes, subsequently
centrifuged for 3500 rotations per minute for
15 minutes. Afterwards, the supernatant was
placed in the Bioplus spectrophotometer with
wavelength 540nm. The hemolysis percentage
was obtained based on the formula:

Ab. . 100%

% =
% 1,49

For negative control, 0.9 % isotonic sodium
chloride solution and the positive control with
distilled water were used, which were
submitted to the same procedures used in the
test samples. The assay was performed in
triplicate and the hemolytic percentage was
set with positive control being designated as
100 %. The hemolysis degree was qualitatively
evaluated by reddish tone (hemolysis) in the
supernatant obtained after centrifugation.
They were attributed to the intensity of
hemolysis, where a (+) cross indicates slight
hemolysis, two crosses (++) significant
hemolysis and three crosses (+++) indicates
intense hemolysis.

2.4. Allium cepa assay

The experiment was carried out following
previously described methodological
procedures,’* with adaptations. Onion bulbs
were obtained at a local market and chosen
according to their size (approximately 3.5 cm
diameter) and appearance. The external
cataphylls and old roots were removed with
care, and the bulbs were washed, dried and
kept at 4 °C until the beginning of the
experiment. The treatment was simultaneous
for each concentration, and including the
positive control, five bulbs were used. They
were placed in vials filled with AELIs solution at
concentrations of 50 pg.mL?, 500 pg.mL?, 1000
pg.mL?, with 5 replicates each; distilled water
was used as negative control. Root length
evaluation was performed for 96 hours. Three
major roots were measured by bulb with the
aid of a pachymeter, collected, washed in
distilled water, hydrolyzed with 1 mol.L'* HCI for

3

Silva, T. M. S. et al.

10 minutes. They were then crushed and
placed in glass microscope slides with a drop of
45 % acetic acid for 5 minutes. The roots were
stained with 15 % hematoxylin for 15 minutes
for each concentration of the extract and
control, ten preparations were analyzed (1000
cells per concentration and control) a
submitted to a "blind" test at a magnification of
x1000. The mitotic index (MI) calculation,
which was established as the ratio between the
number of cells in division and the total number
of cells analyzed. For Ml the following equation
was performed:

IM = Ne X 100
" TNC

NCM: number of cells in mitosis. TNC: total
number of counted cells. From the values
obtained in the above equation, it was possible
to evaluate the cytotoxic potential of the
samples in inhibiting or increasing cell
proliferation.

2.5. Statistical analysis

Results are presented as mean * standard
deviation (SD). The data were analyzed by
means of analysis of variance (ANOVA)
followed by Tukey and Bonferroni's tests by
using GraphPad Prism (version 5.0),
considering p<0.05 with a confidence level of
95 %.

3. Results and Discussion

3.1. Osmotic fragility assay

According to Elias et al.,** osmotic fragility
can be influenced by several factors such as
shape, volume and size of the erythrocyte, as
well as the type and amount of hemoglobin,
differences in its membrane viscoelasticity
and chemical and structural composition, it
has also been emphasized that the cell shape
is affected by changes in cell membrane
composition. Study investigated the effect of
AELIs at different concentrations (50 pg.mL?,
100 pg.mL?, 250 pg.mL?, 500 pg.mL?, 750
pg.mL?, 1000 pg.mL?) in the osmotic fragility
test against sheep blood. The results of the
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effect of AELIs on the repeated concentrations
on sheep blood were evaluated qualitatively,
the supernatant and the precipitate remained
transparent, with no signs of hemolysis,
characterizing red blood cell integrity, similar
to the negative control (-). Whereas in the
positive control, supernatant presented a
reddish hue, characterizing hemolytic action
(++). According to Leite® extracts of leaves,
stems and fruits of I. suffuticosa has mainly
lectinic activity, with rabbit erythrocytes being
inhibited by carbohydrates and glycoproteins.
Lectin refers to a class of proteins of non-
immunological origin, which can agglutinate
erythrocytes thanks to their property of
reversibly binding to carbohydrates. They can
act as cell reconnaissance sites.The
phytochemical investigation of leaf extracts of
I. suffruticosa revealed the presence of
alkaloids, flavonoids, steroids, proteins,
carbohydrate, triterpenes and indigo
coumarin.® In the case of the species I.
suffruticosa our results are compatible with
some data already recorded in these studies.
The toxicity of some secondary metabolites
present in the vegetables is quite relatada.’
According to Dewick,® alkaloids, even in small
concentrations, are naturally toxic substances.
Triterpenic saponins are natural compounds
also associated with toxicity, due to their
ability to cause haemolysis. Its hemolytic
effect is the result of the ability to interact
with the cell membrane elements of red blood
cells, especially with cholesterol molecules,
causing a deformation in the membrane and
as a consequence, causing extravasation of
the content intracellular.1®1718

Diseases associated with metabolic
changes can modify the proportion of
phospholipids and cholesterol in the
erythrocyte membrane and thus affect
osmotic fragility. Mature erythrocytes are
unable to perform lipid synthesis due to
absence of the acetyl CoA carboxylase
enzyme, and thus the cell membrane
undergoes changes in its lipid composition
according to the changes of the lipids present
in circulation.'® A number of toxicological tests
are used to assess the concentrations and
exposure time required for toxic agents to
produce adverse effects on organisms.?°

Ve

The AELIs at different concentrations in the
spectrophotometer reading, where the
supernatant remained between 9-10 %,
presenting low hemolysis percentages and
featuring no significant difference between the
concentrations used. According to Rangel et
al.,’* a hemolysis percentage between 0-40 % is
characterized as low, between 40-80 %
considered moderate and above 80 %
considered as high. In the present study, the
hemolysis percentage was considered low, since
it did not exceed 10 %, suggesting cellular
membrane integrity.

3.2. Allium cepa assay

The Allium cepa test is commonly used in
toxicological tests, in studies using plant
extracts, to evaluate macroscopic parameters
such as color change, shape, root size, as well
as microscopic parameters such as changes
during the meristematic division of onion.??

In addition to the common cytology
parameters, such as mitotic index and
chromosome abnormalities, the macroscopic
root growth parameter of Allium cepa was
also investigated. Table 1 shows results of the
mitotic  index,  mitotic  activity and
chromosomal abnormalities that were not
found in the Allium cepa meristem with the
different treatments. Statistical analysis did
not indicate any change in mitotic activity. The
cytological effect of the control group during
the cell division process presented the
following percentages: prophase (22 + 0.70),
metaphase (4.50 + 0.95), anaphase (4.7 +
1.10), telphase (2 + 0.40) in the concentrations
50 pg.mL?, 500 pg.mL?, 1000 pg.mL*AELls
during cell division: prophase (33.75 * 4.32;
49.5 + 8.09; 34.75 % 6.45); metaphase (6 +
1.08; 3.50 £ 0.50; 1.75 + 1.03) anaphase (2.25
+0.75; 2.25 £ 0.25; 0.50 £ 0.50) and telophase
(1.75 + 0.25; 1.50 + 0.50; 0.50 + 0.28)
respectively. Generally, the Ml is a reliable
parameter that allows estimating the
frequency of cell division, which is generally
used for the screening of cytotoxic agents.?* A
significant reduction of Ml may be due to the
mitodepressive action of substances, so
agents used to interfere in the normal cell
cycle may can decrease the number of dividing
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cells.?* Mitotic index was similar between

treatments: control (13.3 + 2.09) and AELIs at
concentrations of 50 pug.mL? (17.5 + 3 .57),
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500 pg.mL? (22.7 + 5.57) and 1000 pg.mL?
(17.8 £ 3.38).

Table 1. AELIs cytological effects during the cell division process of the Allium cepa root (n=5)

Treatment Interphase Prophase Metaphase  Anaphase Telophase Ml %
Control 219.25+18.80 22 +0.70 450+0.95 4.75+1.10 2+0.40 13.3+£2.09
50 pg/mL 219.50 £ 5.26 33.75+4.32 6+1.08 2.25+0.75 1.75+0.25 17.5 +3.57
500 pg/mL 201.50 £ 1.32 49.5 + 8.09 3.50+0.50 2.25+0.25 1.50+0.50 22.7 £5.57
1000pg/mL  165.25+6.34 34.75+6.45 1.75+1.03 0.50+0.50 0.50+0.28 17.8 +3.38

Values are mean t standard deviation (SD) (n= 1000 cells/group); p<0.05 significantly
different (at same cell division phase); (ANOVA followed by one way Tukey post test); MI: mitotic index

Figure 1. Photomicrographs of Allium cepa root cells in the presence of AELIs. Negative
control (A), AELIs at concentrations 50 pg.mL™ (B), 500 pg.mL* (C) e 1000 pg.mL* (D). P-
Prophase; M-Metdafase; A-Anaphase; T-Telophase; I- Interphase. Magnification - 1000X

Toxicity studies in genetic material or
genotoxicity are designed to determine
chemicals that can perturb and modify the
genetic material causing  gene or
chromosomal mutations. Several of assay
systems, especially in vitro systems, have been

devised to detect the genotoxic effect of
different substances, results are usually used
as indicators for mutagenic effects.?®

Cytological observations during the cell
division  phases (interphase, prophase,

1807
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metaphase, anaphase and telophase) of the
Allium cepa roots of the control were similar to
the different AELls concentrations. No
chromosomal abnormality or alteration in the
phases of the cell divisions was found (Figure 1).
Table 2 shows the results of the AELIs effect on
root growth of Allium cepa. Statistical analysis
indicated difference between treated and
control groups. Root growth of the negative
control (4.10 £ 0.21), did not show significant
difference when compared to the extract at a
concentration of 50 pg.mL' (4.68 + 0.25)
(p>0.05). However, compared to concentrations
of 500 pg.mL? (1.23 + 0.09) and 1000 pg.mL?
(0.70 + 0.08), it caused growth inhibition

LVa
(p<0.001).

In a study reported in the literature on acute
toxicity with Swiss albino mice using aqueous
extract of I suffruticosa leaves, low order of
toxicity was found.® It has also been
demonstrated that the aqueous extract of leaves
of I. suffruticosa inhibits the development of egg
hatching, larval ecdysis and has a deterrent effect
on oviposition of Aedes aegypti mosquitoes.’®
Mice with sarcoma 180 presented tumor
inhibition with low order of toxicity when treated
with the extract at the dose of 50 mg.kg™ (ip) by
infusion (64.53 %) and maceration (62.62 %)

Table 2. Effects of AELIs on Allium root growth of Allium cepa (n = 5 onions/concentration or

group)
Average root length
Treatment Reduction of root growth (%)
in time: 96hs (cm)
Control 4.10+0.21 0
50 pg.mL-1 4.68 +0.25 0
500 pg.mL-1 1.23 £ 0.09 *** 70.00
1000 pg.mL-1 0.70 £ 0.08 *** 82.92

Values are mean * standard deviation (SD); p<0.05 significantly different; (ANOVA followed
by two way Bonferroni’s test); ***Significantly different from the control group

4. Conclusion

In our study the erythrocyte osmotic
fragility and meristematic onion cells in the
presence of AELIs demonstrated low

hemolysis index and absence of
chromosomal abnormality or alterations in
the cell divisions phases, suggesting cell
membrane integrity and low toxicity,
corroborating with the previously reported
activities on the . suffruticosa species.

References

! Jain, N.C.; Schalm’s veterinary hematology,
4th ed. Lea & Febiger: Philadelphia, 1986.

2 Makinde, M. O.; Bobade, P.A. Osmotic
fragility of erythrocytes in clinically normal
dogs and dogs infected with parasites.
Research in Veterinary Science 1994, 57, 343.
[CrossRef] [PubMed].

3 Perk, K.; Frei, Y. F.; Herz, A. Osmotic fragility
of red blood cells of young and mature
domestic and laboratory animals. American
Journal Veterinary Research 1964, 25, 1241.
[PubMed]

4 Ribeiro, L. R.; Bautista, A. R. P. L.; Silva, A. R.;
Sales, L. A.; Salvadori, D. M. F.; Maia, P. C.
Toxicological and Toxicogenetic Effects of
Plants used in popular Medicine and in Cattle
Food. Memdrias do Instituto Oswaldo Cruz
1991, 86, 89. [CrossRef]

> Arraes, A. |. 0. M.; Longhin, S. R. Otimiza¢3o
de ensaio de toxicidade utilizando

Rev. Virtual Quim. |Vol 11| |No. 6| |1802-1809|


https://doi.org/10.1016/0034-5288(94)90128-7
https://www.ncbi.nlm.nih.gov/pubmed/7871255
https://www.ncbi.nlm.nih.gov/pubmed/14266876
http://dx.doi.org/10.1590/S0074-02761991000600022

Va

bioindicador Allium cepa como organismo
teste. Enciclopédia Biosfera 2012, 8, 1958.

® Leite, S. P.; Silva, L. L. S. Anti-inflammatory
Activity of Indigofera suffruticosa Extract.
Revista Brasileira de Ciéncias da Saude 2003,
7, 47. [Link]

7 Leite, S. P.; de Medeiros, P. L.; da Silva, E. C.;
Maia, M. B. S.; Lima, V. L. M.; Saul, D. E.
Embryotoxicity in vitro with extract of
Indigofera suffruticosa leaves. Reproductive
Toxicology 2004, 18, 701. [CrossRef]

8 Leite, S. P.; Vieira, J. R. C.; de Medeiros, P. L.;
Leite, R. M. P.; Lima, V. L. M.; Xavier, H. S.;
Lima, E. O. Antimicrobial activity of Indigofera
suffruticosa. Evidence-Based Complementary
and Alternative Medicine 2006, 3, 261.
[CrossRef]

% Vieira, J. R. C.; Souza, I. A.; Nascimento, S. C.;
Leite, S. P. Indigofera suffruticosa: Alternative
Anticancer Therapy. Evidence-Based
Complementary and Alternative Medicine
2007, 4, 355. [CrossRef]

0 Vieira, J. R. C.; Leite, R. M. P.; Lima, I. R;
Navarro, D. A. F.; Bianco, E. M.; Leite, S. P.
Oviposition and Embryotoxicity of Indigofera
suffruticosa on Early Development of Aedes
aegypti (Diptera: Culicidae). Evidence-Based
Complementary and Alternative Medicine
2012, 12, 1. [CrossRef]

1 Silva, I. B.; Lima, I. R.; Santana, M. A. N,;
Leite, R. M. P.; Leite, S. P. Indigofera
suffruticosa  Mill  (Fabaceae):  Hepatic
responses in mice bearing Sarcoma 180.
International Journal of Morphology 2014, 32,
1228. [CrossRef]

2 Dacie, J. U.; Lewis, S. M; Em: Practical
haematology; Dacie, J. U.; Lewis, S. M., eds.,
Churchill Livingston: London, 1975, cap. 2.

13 Guerra, M.; Sousa, M.; Como observar os
cromossomos: um guia de técnicas em
citogenética vegetal, animal e humana.
FUNPEC: Ribeirdo Preto, 2002.

14 Elias, F.; Lucas, S. R. R.; Hagiwara, M. K,;
Kogica, M. M.; Mirandola, R. M. S. Fragilidade
osmotica eritrocitdaria em gatos acometidos
por hepatopatias e gatos com insuficiéncia
renal. Ciéncia Rural 2004, 34, 413. [CrossRef]

Silva, T. M. S. et al.

5 Silva, L. B.; Torres, E. B.; Silva, K. F.; Souza, J.
S. N.; Lopes, M. S.; Andrade, L. H.; Xavier, Z. F.
Toxicity of ethanolic extract of Croton
heliotropiifolius in weevil populations of
stored maize grains. Journal of Entomology
2012, 9, 413.

6 Dewick, P. M. Medicinal Natural Products: A
biosynthetic approach, 2nd ed., John Wiley &
Sons: West Sussex, 2002.

17 Glauert, A. M.; Dingle, J. T.; Lucy, J. A. Action
of saponin on biological cell membranes.
Nature 1962, 196, 953. [CrossRef]

18 Karabaliev, M.; Kochev, V. Interaction of
solid supported thin lipid films with saponin.
Sensors and Actuators B: Chemical 2003, 88,
101. [CrossRef]

19 Barabino, G. A.; Platt, M. O.; Kaul, D. K. Sickle

cell  biomechanics. Annual  Review  of
Biomedical Engineering 2010, 12, 345.
[CrossRef]

20 Braga, J. R. M.; Lopes, D. M. Citotoxicidade e
genotoxicidade da dgua do rio Subaé
(Humildes, Bahia, Brasil) usando Allium cepa L.
como bioindicador. Revista Ambiente & Agua
2015, 10, 130. [CrossRef]

21 Rangel, M.; Malpezzi, E. L. A.; Susini, S. M. M;
de Freitas, J. C. Hemolytic activity in extracts of
the diatom Nitzschia. Toxicon 1997, 35, 305.
[CrossRef]

22 longhin, S. R.; Tese de doutorado,
Universidade de Brasilia, Brasil, 2008. [Link]

2 Fernandes, T. C. C.; Mazzeo, D. E. C.; Marin-
Morales, M. A. Mechanism of micronuclei
formation in polyploidizated cells of Allium
cepa exposed to trifluralin herbicide. Pesticide
Biochemistry and Physiology 2007, 88, 252.
[CrossRef]

24 Sharma, S.; Vig, A. P. Genotoxicity of
atrazine, avenoxan, diuron and quizalofop-P-
ethyl herbicides using the Allium cepa root
chromosomal aberration assay. Terrestrial
and Aquatic Environmental Toxicology 2012,
6, 90. [Link]

%5 Adeyemo, O. A.; Farinmade, E. Genotoxic
and cytotoxic effects of food flavor enhancer,
monosodium glutamate (MSG) using Allium
cepa assay. African Journal of Biotechnology
2013, 12, 1459. [CrossRef]

Rev. Virtual Quim. |Vol 11| |No. 6| |1802-1809|


https://www.researchgate.net/publication/292418332_Anti-inflammatory_activity_of_Indigofera_suffruticosa_extract
http://dx.doi.org/10.1590/S0102-695X2011005000113
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1475935/
http://dx.doi.org/10.1093/ecam/nel102
http://dx.doi.org/10.1155/2012/741638
http://dx.doi.org/10.4067/S0717-95022014000400017
http://dx.doi.org/10.1590/S0103-84782004000200012
https://www.nature.com/articles/196953a0
https://www.sciencedirect.com/science/article/pii/S0925400502003118
https://doi.org/10.1146/annurev-bioeng-070909-105339
http://dx.doi.org/10.4136/ambi-agua.1459
https://doi.org/10.1016/S0041-0101(96)00148-1
http://repositorio.unb.br/handle/10482/5154
https://www.sciencedirect.com/science/article/abs/pii/S0048357506001945
http://www.globalsciencebooks.info/Online/GSBOnline/images/2012/TAET_6(2)/TAET_6(2)90-95o.pdf
https://www.semanticscholar.org/paper/Genotoxic-and-cytotoxic-effects-of-food-flavor-cepa-Adeyemo-Farinmade/547fa54b7f700585dc64a0236bd3e9e187de0b0a

	Resumo
	Abstract
	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusion
	References

