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Abstract 
The cotton plant is a plant belonging to the family Malvaceae and its leaves 
are often used in folk medicine. The present study aimed to evaluate the mu-
tagenic or antimutagenic activity of the ethanolic extract of Gossypium bar-
badense L. (EEG) and to analyze its capacity to prevent or repair mutagenic 
lesions caused by cyclophosphamide (CP). For the Micronucleus test, Swiss 
mice were divided into 5 groups: negative control; Positive control: treated 
with 50 mg/kg cyclophosphamide (CP), group receiving EEG 500 mg/kg for 7 
days; Group receiving EEG 500 mg/kg for 7 days associated with CP24h be-
fore euthanasia; Group who received CP and EEG 500 mg/kg for 7 days. After 
the treatment period, the animals were euthanized, the bone marrow removed 
and the blood smear prepared. From this analysis, it was observed that the 
EEG caused a significant increase in the number of micronucleated erythro-
cytes, indicating mutagenic activity of the extract. In addition, it was verified 
that the extract did not present the capacity to prevent, but it presented the 
capacity of repair of the chromosomal damages caused by CP. 
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1. Introduction 

The use of natural resources as a source for solving health problems has been a 
common practice since the emergence of human communities. In this context, 
several plant species have been used for therapeutic purposes, thus constituting 
Traditional Medicine [1]. 

The cotton is a plant belonging to the genus Gossypium and the family Mal-
vaceae [2]. In Brazil three species belonging to the genus Gossypium are found, 
among them is Gossypium barbadense L., a perennial tree species originating in 
the southern region of Ecuador and North of Peru [3]. Currently, this species 
can be found in almost all Brazilian territory. Although it is not a Brazilian plant, 
Brazil is considered a major secondary [4]. 

The leaves of cotton (Gossypium barbadense L.) are often used in folk medi-
cine as uterotonic, menstrual regulator, anti-hemorrhagic, uterine anti-inflam- 
matory, earaches, fever, strokes and pain in the body. Generally, the leaves are 
prepared as tea or juice and administered to the patient according to the empir-
ical knowledge of the population [5] [6]. 

The therapeutic efficacy of medicinal plants is recognized both by the World 
Health Organization (WHO) and by pharmaceutical laboratories [1]. Thus, they 
are considered to be an indisputable source of bioactive compounds with thera-
peutic potential and as a viable alternative for the development of safe and effec-
tive [7]. 

Brazil is the most genetically diverse country in the world and represents an 
important source of pharmacologically active compounds on the planet. The 
plant extracts obtained from these plants are known for their effectiveness 
against various types of cancer. In addition, it is estimated that 60% of antitumor 
drugs are of plant origin [8]. 

Cancer is a public health problem and consists of a neoplastic cell alteration 
that occurs from mutations in the genetic material (DNA) of a cell, causing it to 
proliferate in disorder and invade tecidos and organs quickly [9]. The search for 
chemicals capable of disrupting this disordered cell cycle could lead to cancer 
cure. Therefore, several natural chemicals are often genetically tested [10]. 

On the other hand, in spite of the beneficial effects of medicinal plants, it is 
noticed that it insists on remaining in the population an erroneous thought of 
the non-existence of toxicity in herbal products, since they are of natural origin. 
However, it is now known that medicinal plants can hide a huge risk to the 
health of the population, evidencing the need to develop more accurate research 
that guarantees greater quality and safety to consumers [11]. 

The Micronucleus Test is a cytogenetic test widely used in the detection of 
clastogenic and aneugenic agents. Clothogenic agents are those that induce 
structural changes in the chromosomes, while the aneugenic induce numerical 
chromosomal alterations. Micronuclei are identified in any type of cell, and can 
be evaluated in the diagnosis of hematological diseases, urinary tract and also in 
rodent and plant tests [12] [13]. 

This study aimed to evaluate the mutagenic or antimutagenic activity of Gos-
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sypium barbadense L. leaves in bone marrow cells of Swiss mice for a seven day 
experimental period. In this way, it will be possible to estimate the risk to which 
the population is exposed when preparing teas with cotton leaves for therapeutic 
purposes and consume indiscriminately without knowing the mutagenic poten-
tial of the plant species in question. 

2. Material and Methods 
2.1. Study Design and Micronucleus Test 

First, to obtain the extract, dried leaves (100 g) of Gossypium barbadense L. were 
crushed and extracted with ethanol by the maceration method, using a 70% (v/v) 
hydroalcoholic mixture. The material was filtered and concentrated on a rotary 
evaporator under reduced pressure, at a temperature of up to 50˚C, to the final 
volume of 100 mL to give the crude ethanolic extract of Gossypium barbadense 
L. (EEG). 

The micronucleus test was performed as described by Adler and Attia [14]. 
Thus, young Swiss male mice were obtained from the breeding room of the Fed-
eral University of Minas Gerais, with approximately 34 g. The animals were kept 
in plastic boxes, receiving water and feed Commercial ad libitum. These were 
divided into five groups of six animals each. 

Group A represents the negative control, without receiving special treatment. 
Group B represents the positive control, being treated with 50 mg/kg of cyclo-
phosphamide (CP) intraperitoneally 24 hours before euthanasia. Group C re-
ceived extract ethanol from Gossypium barbadense L. (500 mg/kg) for 7 days. 
Group D received extract ethanol from Gossypium barbadense L. (500 mg/kg) 
for 7 days and CP (50 mg/kg), intraperitoneally, 24 hours before euthanasia. 
Group E received CP (50 mg/kg) on the first day and the ethanolic extract of 
Gossypium barbadense L. (500 mg/kg) during the next 7 days. 

The vegetable extract was administered orally, via esophageal gavage, once 
daily for 7 days. After the treatment period, the right posterior femoral femur 
was removed, cleaned and the epiphyses cut off. The bone marrow was removed 
by inserting into the spinal canal the needle of a syringe with 2.5 mL of fetal bo-
vine serum. The samples were centrifuged at 1000 rpm for 5 m. The supernatant 
was discarded and the precipitate dissolved in brine. Next, the smear on the 
blade, stained with Giemsa, was taken. 1000 cells were analyzed per animal, de-
termining the frequency of micronucleated erythrocytes (NME). 

2.2. Systematization and Data Analysis 

For statistical analysis, the means of the parameters studied were compared be-
tween the groups using the statistical analysis of variance (ANOVA) and Tukey 
test. The STATISTICA 3.11 software was used, being p < 0.05, considered sig-
nificant. In the data was used the transformation of square root of X for the sta-
tistical analysis, since the data was obtained by counting. The results were ex-
pressed as mean and standard deviation. 
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2.3. Ethical Considerations 

This work was forwarded and approved by the Commission of Ethics in the Use 
of Animals of the University Center of Caratinga - MG (CEUA - UNEC). 

3. Results 

The data obtained during the investigation of the mutagenic potential of the 
EEG are shown in Figure 1. As expected, the data confirm the mutagenic poten-
tial of cyclophosphamide proven in the literature by a significant increase in the 
frequency of micronuclei (11 ± 1.75) when compared to Negative control group 
without exposure (2 ± 1.17). Similarly, the exposure of the mice to the EEG also 
showed a significant increase in the frequency of micronuclei (7 ± 1.33), sug-
gesting a mutagenic potential to the extract (Figure 2). 

To evaluate the protective activity of DNA, the results between the EEG 
treatments for seven days followed by cyclophosphamide (2.97 ± 0.49) and the 
other groups (Cyclophosphamide (3.36 ± 0.26), extract (2.60 ± 0.25) and cyclo-
phosphamide followed by seven days of EEG treatment (2.56 ± 0.37), with no 
statistically significant difference between them (p > 0.05, ANOVA, Tukey). 
 

 
Figure 1. Average Micronucleus in erythrocytes (6000 cells/group) of mice (n = 6/group) 
exposed to treatment with ethanolic extract of Gossypium barbadense L. (EEG) for 7 
days. The relative standard deviation was calculated based on the mean micronuclei per 
group. The positive control group received a single dose of cyclophosphamide (CP) (50 
mg/kg/day). The negative control group received no treatment. One group received EEG 
for 7 days and CP 24 hours before euthanasia and the other group received CP on the first 
day and EEG for 7 days. ANOVA, Tukey’s test. ● Significant difference between Negative 
control × CP (Analysis of significant variance (Q = 1.93 and p < 0.01)); □ Significant dif-
ference between Negative control × Extract (Analysis of significant variance (Q = 1.18 
and p < 0.01)); ○ Significant difference between Negative control × Extract + CP (Analy-
sis of significant variance (Q = 1.54 and p < 0.01)); ◊ Significant difference between Neg-
ative control × CP + Extract (Analysis of significant variance (Q = 1.13 and p < 0.01)); ⱷ 
Significant difference between CP × Extract (Analysis of significant variance (Q = 0.75 
and p < 0.05)). ⌂ Significant difference between CP × CP + Extract (Analysis of signifi-
cant variance (Q = 0.80 and p < 0.01)). 
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Figure 2. Photomicrograph indicating the micronucleus formation (arrow) 
in erythrocyte of swiss mice exposed to the ethanolic extract of Gossypium 
barbadense L. (500 mg/kg), orally, for 7 days, 100×. 

 
These data suggest that EEG does not have the ability to protect DNA from bone 
marrow cells against clastogenic agents. 

However, comparing the results of the treatments performed with cyclophos-
phamide followed by seven days of treatment with EEG (2.56 ± 0.37) and the 
positive control (3.36 ± 0.26), it was possible to identify a statistically significant 
result among them (p < 0.01, ANOVA, Tukey’s test), indicating possible anti-
clastogenic effect of the extract. 

4. Discussion 

Considering the results found in this study, the EEG treatment evidenced a sig-
nificant increase of micronucleated erythrocytes in the bone marrow of Swiss 
mice, suggesting the presence of cytotoxic and genotoxic extract activity. This 
finding is consistent with Meira-Neto and Almeida [15] who carried out a bio-
assay of cytotoxicity in an ethanol-cotton leaf extract (Gossypium arboreum L.) 
showing that the extract shows moderate toxicity. 

According to a study by Mans et al. [16], which evaluated the effect of plant 
extracts on the proliferation and formation of DNA damage in Chinese hamster 
ovary cells, EEG inhibited cell growth and caused appreciable damage to nearby 
DNA To 40%. In addition, according to Thomas, et al. [17], intraperitoneal in-
jection of EEG in male rats demonstrated that the cotton contains substances 
capable of rapidly inducing lesions in cells of the testis, liver, kidneys and muscle 
tissues. 

On the other hand, Melo [18] demonstrated that the consumption of cotton-
seed by sheep in concentrations of 15%, 30% and 45% for 42 days did not 
present significant changes in the frequency of micronucleated erythrocytes in 
the respective study. 

The mutagenic activity attributed to the EEG in this study can be justified by 
the phytochemical composition of the extract, which includes gossypol, toxic al-
kaloid polyphenolic, which shows toxicity in its free form [19]. According to 
Nayak and Buttar [20], the potential of gossypol to damage chromosomes was 
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evaluated in cytogenetic studies and the results suggest that this molecule has 
potentially mutagenic and clastogenic activity in cells of the bone marrow of 
mice. 

However, some in vivo and in vitro studies have revealed antitumor properties 
of gossypol in many cytosolic and mitochondrial enzyme systems that are criti-
cal for the growth of tumor cells, including melanoma, endometrial, colon, lung, 
prostate, breast, brain and adrenocortical cancer cells [21] [22] [23]. 

In the present study, the EEG did not show activity of protection of chromo-
somes of bone marrow cells against clastogenic agents. However, the anticlasto-
genic effect could be evidenced in the extract, justifying the presence of phyto-
chemical constituents that through a variety of mechanisms can repair DNA, 
such as inhibition of genotoxic effects, signal transduction, antioxidant activity 
or elimination of free radicals [24] [25] [26]. 

According to Wang et al., [27] gossypol extracted from the species Gossypium 
barbadense L. presented a relative ability to prevent DNA damage due to its an-
tioxidant potential. Thus, suggesting that the protective activity of DNA would 
be related to the extinction of free radicals of the medium, relieving the cellular 
extresseoxidative. Other findings from this study demonstrate the ability of gos-
sypol to inhibit the growth of Trypanosoma brucei cells in the growth of cervic-
al, breast and colon cancer cells, enhancing the anticlastogenic effect evidenced 
in the present study. 

5. Conclusion 

The results showed that the EEG shows cytotoxic and genotoxic activity in the 
cells of the bone marrow of mice. This was evidenced by the significant increase 
of micronucleated erythrocytes detected by the Micronucleus test. These data 
suggest that the indiscriminate EEG consumption by the population may re- 
present a risk to human health by increasing the frequency of genetic mutations 
and consequently predisposing to cancer. In addition, it was verified that the ex-
tract did not present the capacity to prevent but presented the capacity of repair 
of the chromosomal damages caused by the CP. This indicates low EEG poten-
tial in the prevention of genetic mutations, but opens new horizons in the search 
for agents capable of repairing genetic damages. The shortage of studies that deal 
with the effects of the extract of Gossypium barbadense L., mainly considering 
the bone marrow made it difficult to discuss the results found in this research. In 
view of the findings reported here, it is suggested to carry out further studies 
aiming at the phytochemical characterization of the cotton leaf extract in order 
to identify all the constituents and their respective biological effects. 
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