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ABSTRACT. Mimosa pigra is a plant commonly used for medicinal 
purposes in the treatment of several diseases. However, studies 
regarding its toxicological properties are scarce. We evaluated the 
toxic, cytotoxic, genotoxic and mutagenic activities of leaf and stem 
infusions of M. pigra collected in the region of Delta do Parnaíba, 
Piauí, Brazil, through an in vivo Allium cepa test. Three 
concentrations of leaf and stem treatments were used (leaf treatment 
1 and stem treatment 1 = 0.771 g/L; leaf treatment 2 and stem 
treatment 2 = 1.542 g/L; leaf treatment 3 and stem treatment 3 = 
3.084 g/L), in addition to the negative controls (water) and positive 
controls (copper sulfate - 1.2 mg/mL - A. cepa test). All the 
treatments were toxic, causing significant root growth inhibition. 
Leaf treatment 1, leaf treatment 3 and stem treatment 1 showed 
significant inhibition of the mitotic index. Leaf treatment 2, stem 
treatment 1 and stem treatment 3 showed significant genotoxic 
activity based on the frequency of chromosomal aberrations. The 
tested concentrations did not provoke significant mutagenic activity 
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when compared to the negative control. We suggest that further 
studies with other biological systems are needed to evaluate the 
safetyness of M. pigra infusions for therapeutic purposes. 
 
Key words: Mimosa pigra; Cytotoxic; Genotoxic; Mutagenic 

INTRODUCTION 
 
The use of medicinal plants for therapeutic purposes is an ancient tradition that is 

still widely practiced (Bermejo-Villanueva and Fornari, 2017; Mishra et al., 2018). 
According to the World Health Organization (WHO), more than 60% of the world 
population and about 80% of developing countries use plants as a medicine to treat human 
diseases (WHO, 2013; Sharifi-Rad et al., 2018). As a result of this practice, the scientific 
community has been performing toxicological studies to verify the real effectiveness of 
these natural resources, in order to promote their safe use (Melo et al., 2017).  

Due to the climatic and geomorphological conditions of Brazil, the country has 
been considered a natural collection of great importance to the planet, presenting wide 
variability of biomes (Sousa et al., 2012). The Fabaceae family is the third largest plant 
family in the world due to its wide geographical distribution, being found throughout the 
country. The subfamilies Mimosoidae and Caesalpinioideae are commonly found in tropical 
and subtropical regions (Forzza et al., 2010). 

Mimosa pigra is popularly known in Brazil as calumbi d’água, giquiri, malissa-de-
boi and other names (Silva, 2004; Souza, 2012). The species has its origin center located in 
tropical America and it is also found in several tropical and subtropical regions of the world 
(Paynter, 2005). In Brazil, M. pigra is distributed in many regions of the country, with 
reports of its medicinal use by the population (Mota, 1997; Okonkwo et al., 2016; Oliveira 
et al., 2016). The medicinal use is for treatment of headaches, diarrhea, cold, and heart 
problems, due to the plant’s antimicrobial activity (Grosvenor and Supriono, 1995; Rosado-
Vallado et al., 2000), and to the plant’s antioxidant and anti-inflammatory activities 
(Rakotomalala et al., 2013). 

The municipality of Ilha Grande is the largest fluvial-marine island in Delta do 
Parnaíba River, located between the States of Piauí and Maranhão. It has the appearance of 
a floodable and non-floodable sandbank nucleated by tree species (Santos-Filho et al., 
2015). In a floristic study performed at the region of Delta do Parnaíba, it was observed that 
10% of the population was composed of representatives of the genus Mimosa. The species 
M. pigra was found frequently in humid and swampy environments (Guzzi, 2012).  

The use of plants as bioindicators is widely practiced in toxicological studies (Biruk 
et al., 2017; Bortolotto et al., 2017; Ghosh et al., 2017; Abdelsalam et al., 2018; Mercado 
and Caleño, 2020). Among the widely used plants, A. cepa was one of the most reported in 
the literature (Leite et al., 2015; Silva and Monteiro, 2017; Verma and Srivastava, 2018). It 
is an important bioindicator of in vitro cytogenotoxicity, widely indicated for the 
assessment of environmental risks (Garcia et al., 2017; Mercado and Caleño, 2020), and 
data can be extrapolated to animal models (Mohammed et al., 2015; Pathiratne et al., 2015; 
Rodríguez et al., 2015; Haq et al., 2017; Rahman et al., 2017; Datta et al., 2018; Verma and 
Srivastava, 2018; Maity et al., 2020), due to its high sensitivity in detecting genotoxic and 
mutagenic activities (Leme and Marin-Morales, 2009; Khan et al., 2019). 
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It is possible to evaluate some macroscopic parameters using the A. cepa test, such 
as toxicity, cytotoxicity, genotoxicity and mutagenicity (Leme and Marin-Morales, 2009; 
Mercado and Caleño, 2020). Toxic activity is assessed when root growth is inhibited (Leite 
et al., 2015; Bolonhesi and Lopes, 2018), while cytotoxic activity is verified when mitotic 
index is inhibited (Mercado and Caleño, 2020; Mercado and Bayona, 2020). Genotoxicity is 
assessed through the frequency of chromosomal aberrations (Khan et al., 2020), while 
mutagenicity is evaluated through the micronucleus frequency (Silva et al., 2013). Thus, the 
A. cepa system is a key in vivo model in the evaluation of natural and synthetic substances, 
capable of identifying damage at the cellular level (Leite et al., 2015).   

As little research has been conducted towards the evaluation of M. pigra biological 
activities, an understanding about the therapeutic properties of this plant is necessary. 
Therefore, we evaluated the toxicity, cytotoxicity, genotoxicity and mutagenicity of the M. 
pigra plant infusion in an A. cepa assay. 

MATERIAL AND METHODS 

Plant material  
 
The species M. pigra was collected in the region of Delta do Parnaíba, Piauí, Brazil 

(latitude 02º54'17" S, longitude 41º46'36" W, and altitude 5 m). After collection, the plant 
material (a wild specimen) was taken to the Chemistry Laboratory of the Federal Institute of 
Piauí (IFPI), where the leaves and stems were separated. The plant material was dried at 
room temperature until reaching constant mass and subsequently crushed. 

Preparation of plant extract 
 
To prepare the extract, dried and crushed leaves (35 g) and stems (72.4 g) of M. 

pigra were extracted three times with ethanol at room temperature. After extraction, the 
organic solvent was removed on a rotary evaporator (802 - Fisatom model) under reduced 
pressure and at temperatures ranging from 40º to 50ºC to obtain the ethanolic extract of 
leaves (4.37 g; 12.48% yield) and the ethanolic extract of stems of M. pigra (3.08 g; 4.25% 
yield). 

                                                                                                                                                     
Yi = (Mextract / Mdry matter) x 100%                                     (Eq. 1) 

 

 
In which:                          
Yi = Total extract yield (%); 
Mextract  = Extract mass (g); 
Mdry matter  = Dry leaf mass (g). 

Preparation of Infusions 
 
For preparation of infusions, three concentrations of leaves and stems of M. pigra 

were used (leaf treatment 1 and stem treatment 1 = 0.771 g/L; leaf treatment 2 and stem 
treatment  2 = 1.542 g/L; leaf treatment 3 and stem treatment 3 = 3.084 g/L), measured 
according to the recommended dose of industrialized tea sachets. Similar concentrations 
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have been used in the preparation of teas, which may vary depending on the manufacturer 
(Bagatini et al., 2009; Nishiyama et al., 2010). The infusions were prepared with drinking 
water, in order to accurately simulate the conditions performed by people who use the tea. 
The volume used was 200 mL of water at 100°C, which was poured over the extracts. The 
infusion time established was 10 min for both leaves and stems, since higher infusion 
periods are not indicated for preparation of teas (Infante et al., 2010; Koch et al., 2012). 

Allium cepa Test 
 
The test followed the Fiskesjö protocol (1985), with adaptations proposed by Leite 

et al. (2015). Small, healthy and uniformly sized onions purchased at the Floriano (PI) 
market were used. The bulbs were cleaned and placed under running water for 15 min and 
prepared to germinate, with the bottom immersed in the test solutions. Dechlorinated water 
was used as a negative control, while copper sulfate (1.2 mg/mL) was used as a positive 
control. The Dechlorinated water was obtained through an aerating sprayer with the aid of 
an activated carbon filter, used for a period of 24 h on an open surface. This negative 
control is used because it does not cause damage to cells, unlike copper sulfate, which has a 
cytotoxic effect (Leite et al., 2015). The dead outer scale leaves of the bulbs were removed 
without damaging the primary roots to promote the growth of new roots. The onions were 
placed in contact with each dose of treatments. For each treatment, five onion bulbs were 
used. After 48 h of exposure in a dark environment at room temperature, the roots were 
measured with the aid of a ruler. Subsequently, the onion roots of each control were cut and 
placed in Carnoy solution and stored in 70% ethanol solution. 

The roots were washed three times with distilled water for five minutes and 
subsequently placed in 1N HCl solution for 11 min. After being washed with distillated 
water, the roots were kept in dark flasks containing Schiff's reagent for two hours and then 
washed to remove excess dye. For slide preparation, a meristematic root region of 
approximately 1 mm was isolated, using forceps and scalpel, and placed on a slide. A drop 
of 2% acetic carmine was added to the sample, using squashing technique, and a coverslip 
was placed above it. The material was taken to the microscope (1000) for analysis of 
cytotoxicity, genotoxicity and mutagenicity. The parameters observed were mitotic index, 
frequency of chromosomal aberrations in anaphase and telophase and M. pigra frequency of 
Micronuclei in 1000 cells. Mitotic index, frequency of cells with chromosomal aberrations 
and Micronuclei were obtained based on equation 2, 3 and 4, respectively. 

 

Mitotic	index	 = 	 	 	 	
	 	 	

	x100                  (Eq. 2) 
  

% Chromosomal aberrations = 	 	 	
	 	 	

	x100            (Eq. 3) 
 

%	Micronuclei	 = 	 	 	
	 	 	 	 	

	x100                (Eq. 4) 

Statistical analysis 
 
The results were presented as mean ± standard deviation (SD). The data were 

analyzed through Analysis of Variance (ANOVA) followed by the Tukey test, using the 
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GraphPad Prism 7.0 software (Intuitive Software for Science, San Diego, C.A.) and 
considering the probability P < 0.05 as the confidence level. 

RESULTS AND DISCUSSION 
 

The tested concentrations of M. pigra leaf and stem infusion showed toxic effects 
when compared to the negative control (leaf treatment 1 P < 0.001; leaf  treatment 2, leaf  
treatment 3, stem treatment 1, stem  treatment 2 and stem  treatment 3 P < 0.0001), 
promoting the reduction of root growth. Leaf treatment 1, leaf  treatment 3 and stem 
treatment 1 showed significant differences (P < 0.05) for inhibition of mitotic index in A. 
cepa roots, reflecting the presence of cytotoxic effects. Significant values (P < 0.05) were 
also found for chromosomal aberrations measured in leaf treatment 2, stem treatment 1 and 
stem treatment 3. No significant mutagenic effects (P > 0.05) were found for the tested 
concentrations of M. pigra leaf and stem infusion (Table 1). 

 
 

Table 1. Toxic, cytotoxic, genotoxic and mutagenic effects of Mimosa pigra leaf and stem infusions 
observed by root growth, inhibition of mitotic index, frequency of chromosomal aberrations and frequency 
of micronuclei in Allium cepa. 
 

Treatments Toxicity 
(Root length (cm)) 

Mitotic index 
(Cells in 
division/1000) 

Frequency of 
Chromosomal 
Aberrations (%) 

Frequency of 
Micronuclei 
(%) 

NCa 1.3 ± 0.5 54.8 ± 13.6 0.9 ± 0.3 1.5 ± 0.7 
PCb 0.1 ± 0.08*** 11.3 ± 4.8*** 2.8 ± 0.4*** 6.0 ± 1.4 
Leaf  treatment 1 (0.771g/L) 0.7 ± 0.5** 09.1 ± 4.7* 0.4 ± 0.2 4.0 ± 0.0 
Leaf  treatment 2 (1.542g/L) 0.3 ± 0.2*** 24.7 ± 13.7 0.06 ± 0.08* 2.0 ± 0.0 
Leaf  treatment 3 (3.084g/L) 0.6 ± 0.3*** 04.0 ± 3.7* 0.0 ± 0.0 6.0 ± 5.6 
Stem treatment 1 (0.771g/L) 0.3 ± 0.2*** 12.3 ± 5.7* 0.02 ± 0.04* 3.5 ± 3.5  
Stem treatment 2 (1.542g/L) 0.3 ± 0.2*** 21.9 ± 16.6 0.0 ± 0.0 1.5 ± 0.7 
Stem treatment 3 (3.084g/L) 0.3 ± 0.2*** 20.8 ± 17.0 0.10 ± 0.12* 8.5 ± 6.3 
Values are expressed as mean ± standard deviation (SD); aNC (Negative Control) = Dechlorinated Water; bPC (Positive Control) = 
Copper Sulfate (1.2 mg/L); * = P < 0.05; ** = P < 0.001; *** = P < 0.0001 ANOVA and Tukey test. 

 
Reduction of the mitotic index is an important indicator of the cytotoxic action 

suffered by the cell, directly reflecting on the toxicity of compounds tested in biological 
systems. This toxicity can cause interferences in the replication of DNA and protein 
synthesis (Tkalec et al., 2009). Potentially phytotoxic substances in certain plants has been 
investigated, even allowing the extraction of these compounds for application against weeds 
in agriculture (Dayan et al., 2012). When evaluating the crude methanolic extract of M. 
pigra for fungicidal action, De Morais et al. (2017) identified flavonoid heterosides and 
aglycones as possible substances responsible for the antifungal activity. In addition, the 
authors reported that toxicogenetic studies for this specimen are still scarce. 

In a similar study, Koodkaew et al. (2018) identified that the extract of M. pigra had 
phytotoxic effect, causing inhibition of the growth of meristematic cells of lettuce (Lactuca 
sativa) and snap pod (Ruellia tuberosa). Such inhibition was proportional to the increase in 
extract concentrations. The reduction in root length may be related to changes in the cell 
cycle, which can also be proven by the mitotic index and the analysis of chromosomal 
aberrations (Pittol et al., 2016). 
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Cytotoxicity can be evaluated by observing mitotic index inhibition, which can be 
assessed by the significant increase in frequency of cells with chromosomal aberrations. 
This index is considered an efficient parameter to estimate the frequency of cells in cell 
division (Fernandes et al., 2007; Leme and Marin-Morales, 2009). It was observed that all 
mitotic indices were lower than those of the negative control. According to Hoshina (2002) 
and to Caritá and Marin-Morales (2008), this result indicates that the growth and 
development of the exposed organism has been affected by the tested compound. 
Suppression of mitotic index may occur probably due to blocking of G1 or G2 phases, or to 
suppression of DNA synthesis, preventing cells from starting mitosis (Feretti et al., 2008; 
Griffiths et al., 2016). In addition, it can inhibit microtubule formation, nucleoprotein 
synthesis and it can reduce levels of Adenosina triphosphate (ATP), necessary for 
achromatic spindle elongation, chromosomal movement and microtubule dynamics 
(Majewska et al., 2003). 

In a similar study, toxicogenetic effects of organic green tea and fennel tea infusions 
in three concentrations were evaluated using the A. cepa test. A significant inhibition of 
growth and root mitotic index (P < 0.001) was found in relation to the negative control 
(Reis et al., 2012). Sumitha and Thoppil (2016) obtained similar results when assessing the 
cytotoxic potential of polar and nonpolar extracts in Hyptis suaveolens and Leucas indica, 
using the A. cepa test. They observed a significant reduction in the mitotic index compared 
to the negative control, in addition to an increase in cells with chromosomal aberrations, 
when the extract concentration increased.  

This study showed genotoxic activity of the tested M. pigra concentrations. The 
presence of chromosomal aberrations during the cell division process is a direct indication 
of DNA damage, which could not be easily repaired by the cell (Jolanta and Jolanta, 2005). 
This macroscopic parameter is considered a reliable indication of mutagenic activity 
(Mohandas and Grant, 1972). There is evidence of correlation between chromosomal 
damage and toxic effects of extracts on different plants (Sumitha and Thoppil, 2016), whose 
results may be correlated with results obtained in mammals (Nilüfer et al., 2008).  

 The formation of micronuclei is an excellent indicator of mutagenicity, chemical 
genotoxicity and aneugenic effects (Al-Sabti and Metcalfe, 1995; Khanna et al., 2016; 
Fatma et al., 2018). The absence of micronuclei based on the three concentrations of stem 
and leaves is indicative that there were no significant chromosomal alterations.  

Species of the Mimosa genus have demonstrated cytotoxic activities in some tumor 
cell lines from colon (HCT-116), ovary (OVCAR-8) and glioblastoma (SF-295) by the 
MTT test in M. caesalpiniifolia. Deoxiflavone found in M. diplotricha has also shown a 
cytotoxic effect (Lin et al., 2011). M. paraibana also exhibited cytotoxic activity through 
the Artemia salina test (Nunes et al., 2008).  Apoptosis can be initiated with cell cycle 
activation (Marks-Honczalik et al., 1998), cytokine production (Neurath et al., 1998), 
infectious agents (Shibata et al., 1999), or as an adverse response to medications (Fiorucci 
et al., 1999). However, it has also been reported that Mimosa species constituents have 
antioxidant activity (Nunes et al., 2008; Rakotomalala et al., 2013). 

FINAL CONSIDERATIONS 
 

The concentrations tested for M. pigra leaf and stem infusion showed toxic effects 
in all controls. When evaluating cytotoxic effects, a significant inhibition of the mitotic 
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index was observed in leaf treatment 1, leaf treatment 3 and stem treatment 1 when 
compared to the negative control. Furthermore, leaf treatment 2, stem treatment 1 and stem 
treatment 3 showed significant genotoxic activity due to their frequency of chromosomal 
aberrations. 

Therefore, it is necessary to make an evaluation through other genotoxicity 
biomarkers and an identification of the plant compounds that may have this effect. The 
conduction of more detailed studies is required in order to achieve a less harmful 
concentration, using other biological tests to effectively assess the applicability of the 
infusion of M. pigra, obtained in the Delta do Parnaiba region for therapeutic purposes. 
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