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Abstract

Currently, a large part of the female population uses contraceptive methods due to the benefits provided by this
medication. These drugs can be found in oral or injectable form and are basic compounds for progestogen and
estrogen. However, despite the benefits, these contraceptives can cause a number of harmful effects as women, due to
continuous and prolonged use, in addition to the problem of these compounds being excreted in the sewers, daily,
causing problems to the population and the animals exposed. In this context, the present study aimed to evaluate the
cytotoxic and mutagenic potential of different contraceptives, using Allium cepa L. as a eukaryotic test system. Four
contraceptives were used: indicated for lactating mothers (A1), the following day pill (A2), a drospirenone (A3) and an
injectable (A4). Based on the results, conclude what is the Al contraceptive, which is indicated for women in the
lactation phase, shows cytotoxic effect, with a decrease in the mitotic index. However, none of the contraceptives
studied were mutagenic for the eukaryotic cells studied. Thus, the data of the present study indicate that chronic
studies must be carried out in order to protect humans and other organisms that may be exposed to these substances in
the environment.

Keywords: Eukaryotic test system; Emergency contraception; Genotoxicity; Lactating; Drospirenone; Injectable
contraceptive.

Resumo

Atualmente, grande parte da populacdo feminina utiliza de métodos contraceptivos devido aos beneficios
proporcionados por este medicamento. Estes medicamentos podem ser encontrados na forma oral ou injetavel, e sdo
compostos basicamente por progestogénio e estrogénio. Entretanto, apesar dos beneficios, esses contraceptivos podem
causar uma série de efeitos colaterais as mulheres devido ao uso continuo e prolongado, além da problemaética destes
compostos serem excretados nos esgotos, diariamente, causando problemas a populagdo e aos animais expostos. Neste
contexto, o presente trabalho teve como objetivo avaliar o potencial citotoxico e mutagénico de diferentes
contraceptivos, usando a Allium cepa L. como um sistema de teste eucariotico. Foram utilizados quatro
contraceptivos, sendo eles um indicado para lactantes (Al), pilula do dia seguinte (A2), um contendo drospirenona
(A3) e um injetavel (A4). Com base nos resultados, conclui-se que o contraceptivo Al, que é indicado para mulheres
em fase de lactagdo, apresentou efeito citotoxico, com diminui¢do do indice mit6tico. Entretanto, nenhum dos
contraceptivos estudados foi mutagénico para as células eucariontes estudadas. Assim, os dados do presente estudo
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indicam que estudos cronicos devem ser realizados, a fim de proteger o homem e 0s demais organismos que possam
se expor a estas substancias no meio ambiente.

Palavras-chave: Sistema de teste eucaritico; Contracepcdo de emergéncia; Genotoxicidade; Lactacdo;
Drospirenona; Anticoncepcional injetavel.

Resumen

Actualmente, gran parte de la poblacién femenina utiliza métodos anticonceptivos debido a los beneficios que brinda
este farmaco. Estos farmacos se pueden encontrar en forma oral o inyectable, y estdn compuestos basicamente por
progestagenos y estrdgenos. Sin embargo, a pesar de los beneficios, estos anticonceptivos pueden causar una serie de
efectos secundarios a las mujeres debido al uso continuo y prolongado, ademas del problema de que estos compuestos
se excretan en las alcantarillas, diariamente, causando problemas a la poblacion y animales expuestos. En este
contexto, el presente trabajo tuvo como objetivo evaluar el potencial citotoxico y mutagénico de diferentes
anticonceptivos, utilizando Allium cepa L. como sistema de prueba eucaridtico. Se utilizaron cuatro anticonceptivos,
uno indicado para mujeres lactantes (A1), la pildora del dia después (A2), uno con drospirenona (A3) y uno inyectable
(A4). Con base en los resultados, se concluye que el anticonceptivo Al, que esta indicado para mujeres lactantes, tuvo
un efecto citotoxico, con disminucion del indice mitético. Sin embargo, ninguno de los anticonceptivos estudiados fue
mutagénico para las células eucariotas estudiadas. Asi, los datos del presente estudio indican que se deben realizar
estudios crénicos para proteger a los humanos y otros organismos que puedan estar expuestos a estas sustancias en el
ambiente.

Palabras clave: Sistema de prueba de eucariotas; Anticoncepcion de emergencia; Genotoxicidad; Lactancig;
Drospirenona; Anticonceptivo inyectable.

1. Introduction

The presence of emerging contaminants in the environment, including pharmaceutical chemicals, cosmetics,
agrochemicals, among others, is one of the most relevant causes of human pressure on ecosystems (Snow et al., 2019;
Ramirez-Malule; Quifiones-Murillo; Manotas-Duque, 2020). These compounds are introduced into the aquatic environment
through different routes, which include the release of treated or untreated sewage, hospital effluents and pharmaceutical
industries (Patel et al., 2019), leachate from landfills (Li et al., 2016) and runoff from urban or agricultural areas (Burns et al.,
2018).

In recent years, the use of pharmaceutical products has shown a significant increase (Malik et al., 2021). In particular,
hormonal contraceptives are currently one of the most prescribed drug classes in the world (Porcu; Serra; Concas, 2019). Its
widespread use is related to its benefits, such as being a highly effective and reversible form of contraception, regularizing the
menstrual cycle, reducing the rate of endometriosis, ovarian and endometrial cancer, in addition to being widely used in the
treatment of diseases dermatological (Burrows; Basha; Goldstein, 2012; Porcu; Serra; Concas, 2019). A study carried out by
Hall and Trussell (2012) indicated that 63% of compromised women of childbearing age worldwide were using some
contraceptive method, with the oral contraceptive pill being the most preferred. In Brazil, Trindade et al. (2021) reported that
more than 80% of the women who responded to the survey use some contraceptive method, where again, the oral contraceptive
was the most used (34.2%).

Hormonal contraceptive methods are based on steroids used alone or in combination. They can be classified as
combined between an estrogen and a progestin, or basically a progestin alone (Brasil, 2010). Ethinylestradiol is the most used
estrogen (Sech and Mishell, 2015; Apter et al., 2017), when combined, the most used progestins are dienogest, desogestrel,
drospirenone, gestodene, levonorgestrel, norethindrone, norgestimate and norgestrel (Sech and Mishell, 2015; Scarsi et al.,
2016). Progestogen-only contraceptives offer similar efficacy to combined contraceptives, and have been preferred for their
limited vascular effects, in addition to being a good option for contraception in the puerperium, not interfering with the quality
or quantity of lactation (World Health Organization, 2015; Regidor, 2018). There is also emergency contraception, such as the

morning-after pill, which consists of a single administration of a higher dose of progestogen, commonly levonorgestrel or
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ulipristal acetate (Regidor, 2018), being indicated in cases where it is desired to avoid pregnancy after unprotected sexual
intercourse or when there is a failure in the contraceptive method used (Brasil, 2011; Mouro and Gongcalves, 2021).

In addition to pills, there are a variety of contraceptive methods available, including injections, vaginal rings and
intrauterine devices (Levin; Vitek; Hammes, 2017). Different contraceptive methods act mainly by inhibiting ovulation, in
addition to causing changes in the physical and chemical characteristics of the endometrium and cervical mucus (Brasil, 2010;
Rome and Issac, 2017). Despite the great utility of contraceptives, they can have side effects, such as an increased risk of
venous thromboembolism in users who smoke or with other predispositions and an increased risk of breast cancer (Porcu;
Serra; Concas, 2019; Barbosa and Chaves, 2021). According to Wu et al. (2013) users of contraceptives containing
drospirenone are at approximately a threefold increased risk of venous thromboembolism compared with levonorgestrel.

After use, these substances can be absorbed, partially metabolized and excreted in feces and urine, destined for
sewage (Liu; Kanjo; Mizutani, 2009). Many of these compounds and their metabolites are only partially removed by
conventional treatment in wastewater treatment plants (WTPs) (Skrbi¢; Kadokami; Anti¢, 2018; Schmid et al., 2020), where
they are often detected in sewage after treatment in concentrations ranging from ng L a ug L (Tran; Reinhard; Gin, 2018).
Thus, many of these compounds can end up in rivers, lakes, streams and groundwater, and can even be detected in drinking
water in trace concentrations (ppb ou ppt) (Schmidt and Redshaw, 2015; Su et al., 2020). In fact, the release of treated or
untreated sewage is one of the main sources of hormones for the environment and consequently for human beings (Alvarez-
Ruiz et al., 2020).

These compounds, classified as endocrine disruptors, have received attention due to their occurrence, persistence and
potential toxic effect on exposed organisms, including estrogenicity, mutagenicity, cytotoxicity and genotoxicity (Valdés et al.,
2016; Jia et al., 2019). Several studies have demonstrated the impacts of this exposure on humans and animals, such as
endocrine changes (Bila and Dezotti, 2007; Orozco-Hernandez et al., 2018), neuroendocrine changes (Porcu; Serra; Concas,
2019), disorders of reproductive functions (Sweeney et al., 2015; Gallo et al., 2016; Sheikh et al., 2017), increase in metabolic
disorders (Heindel et al., 2017), sex reversal (Laurenson et al., 2014; Gogoi et al., 2018), negative impacts on female and male
fertility (Kurowska et al., 2022), decreased production of eggs and sperm (Yan et al., 2012), growth retardation (Pillon et al.,
2012; Zheng et al., 2019), vitellogenin in males (Laurenson et al., 2014), development of cancer and tumors (Sifakis et al.,
2017).

These compounds are barely regulated by environmental policies around the world, and most worryingly, their toxic
effects are still not well known (Pefia-Guzman et al., 2019; Adams et al., 2021). The toxicological analyzes aim to analyze the
mechanisms of action of toxic agents capable of causing specific interactions with nucleic acids, which can result in genetic
damage, in addition to point mutations, errors during the replication mechanism of deoxyribonucleic acid (DNA), as well as
mitotic changes (Matsumoto and Marin-Morales, 2005).

In this context, the use of Allium cepa L. (onion) has been recommended in several studies, due to the fact that it has a
high sensitivity, a relatively low cost, speed and simplicity in handling, being able to determine the increase or reduction of the
mitotic index in an effective way, as well as the formation of chromosomal aberrations (Leme and Marin-Morales, 2009). In
addition to good consolidation with other tests used with prokaryotic and eukaryotic cells, being an indicator of risk to human
health or the environment (Dusman et al., 2011; Fatma et al., 2018).

Therefore, considering the constant and increasing use of hormonal contraceptives and the dispersion of these
hormones in the environment, the objective of this study was to evaluate the cytotoxic and mutagenic potential of different

female contraceptive methods available on the market, using A. cepa as a test system.
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2. Methodology
2.1 Treatment Solutions

The following female contraceptives were analyzed:

Al - Oral contraceptive indicated for lactating women: this contraceptive contains 0.075 mg of the hormone
desogestrel, for this reason it is called a pill with isolated progestogen or mini-pill. Most mini pills act primarily by preventing
sperm from entering the uterus. Unlike the combined pills, this formulation can be used by women who are tolerant to estrogen
or who are breast-feeding.

A2 - The morning after pill: The morning after pill is an emergency contraceptive method, so it should be used only in
cases of suspected failure in the normally used contraceptive method, in cases of unprotected sex or in cases of rape. This
medicine contains 1.5 mg of levonorgestrel. Its mechanism of action can vary depending on the phase of the menstrual cycle,
which can occur due to the inhibition or delay of ovulation, for making it difficult for the sperm to enter the uterus, for altering
the passage of the egg or sperm through the uterine tube. After fertilization, the medication will not prevent the pregnancy
from progressing.

A3 - Oral contraceptive containing drospirenone: this combined oral contraceptive contains a combination of two
hormones: 3 mg of drospirenone (progestogen) and 0.03 mg of ethinyl estradiol (estrogen). These hormones prevent pregnancy
through several mechanisms, the most important of which are inhibition of ovulation and changes in cervical secretion (in the
cervix).

A4 - Injectable contraceptive: this combined injectable hormonal contraceptive is formulated as a depot preparation.
Within the body the active ingredients (50 mg of norethisterone enanthate (progestogen) and 5 mg of estradiol valerate
(estrogen)) are released slowly, so that a monthly injection is sufficient. It should always be administered monthly through a

deep intramuscular route.

2.2 Solutions Preparation

To estimate the amount of each contraceptive needed to prepare the treatment solutions, a woman with an average
mass equal to 70 Kg and an onion with an average mass 0.060 Kg was considered.

For solid contraceptives, considering that one tablet is taken daily, each length was weighed and according to
Equation 1, the ideal amount proportional to the onion mass was obtained, resulting in: A1: 0.056 mg (1.870 mg L); A2: 0.170
mg (1,130 mg L1); A3: 0.089 mg (0.590 mg L1).

. (B0xMc)
Mi = =555 1)

Where:

Mi= ldeal mass of the solid contraceptive (9);
60= Average mass of onion (g);

M= Mass of a tablet (g);

70,000= Average mass of the woman (g).

As for the injectable contraceptive that is liquid, the same ratio of female average mass and onion was used, however
the ideal volume was obtained through Equation 2, being I: 0.000857 mL (0.029 mL L%).
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. (BOXVE)
Vi= ?nzn; @
Where:
Vi= Optimal volume of liquid contraceptive (mL);
60= Average mass of onion (g);
V= Volume of a dose of contraceptive (mL);

70,000= Average mass of the woman (g).

These quantities were diluted in 50 mL of filtered water to be in contact with each onion. The final solutions showed a
hormonal concentration equal to 1.870 ug mL* (A1), 1.130 ug mL™? (A2), 0.590 pg mL* (A3) and 0.029 pL mL* (A4).

2.3 Cytotoxicity and mutagenicity test with A. cepa

The cytotoxicity and mutagenicity of the samples were evaluated using the meristematic cells of A. cepa (onion) root,
prepared by the Feulgen reaction and stained with the Schiff's reagent (Fiskesjo, 1985).

The onion bulbs were placed to root in flasks with filtered water at room temperature, aerated and in the dark. Before
each treatment, three roots were collected and fixed (3 methanol: 1 acetic acid) to serve as control of the bulb itself (Co Oh).
Then, the roots of these bulbs were placed in contact with the treatment solutions, for 24 hours.

After the treatment time, three roots were removed from each onion and fixed (Tr 24h). The remaining roots were
washed and the bulbs again placed in filtered water, to recover any damage that occurred, for 24 hours. Afterwards, three roots
were removed and fixed (Re 48h).

In the negative control group, the onions remained for the entire sampling time in filtered water (CO-), and in the
positive control the roots were exposed to a paracetamol solution (CO +) (0.8 g L) (as indicated in the work of Schutz et al.
(2021)) in order to compare the different water samples with their respective controls, in the different periods.

The roots remained in the fixative for at least 24 hours under refrigeration, then they were washed with distilled water
and underwent hydrolysis with 5 mL of 1N hydrochloric acid at 60° C, for 10 minutes, in an oven at 60° C. After washing, the
roots were stained with 5 mL of Schiff's reagent for 45 minutes. For the preparation of the slides, the meristematic region of
the roots was used, which was macerated with acetic orcein and covered with a coverslip.

The slides were analyzed in light microscopes with a 40x objective. One thousand cells were counted per repetition,
totaling 5,000 cells from each control or treated group, differentiating them according to the phases of the mitotic cell cycle
(Interphase, Prophase, Metaphase, Anaphase, Telophase).

In each phase of the cell cycle, cells with structural chromosomal changes were also evaluated, such as: colchicine or
disorganized metaphases, multipolar anaphases or with loose chromosomes, micronuclei and others.

To determine the cytotoxicity of the samples, the percentage of the Mitotic Index (M1%) (Equation 3) was calculated.
And, to assess the mutagenic potential, the Mutagenic Index (MUTI%) was calculated (Equation 4). The data on mitotic and

mutagenic indexes were analyzed using the Kruskal Wallis test (o= 0.05, p< 0.05, n=5).

number af cells in division

M1% = | ) x 100 €)

total number of cells analyzed

number of cells changed

MUTI% = ( ) x 100 4)

total number of cells analysed
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3. Results and Discussion

The data in Figure 1 show the average percentages of mitotic indexes obtained for the control and treated groups, at 0,
24 and 48 hours. Statistical analysis showed that contraceptives A2, A3 and A4 exhibited mitotic index, in the treatment time
(24 h), equal to the exposure time of the negative control (CO- 24 h), the control 0 h (Co 0h) and the recovery time (Re 48 h)

of the bulb itself, indicating their absence of cytotoxic effect.

Figure 1. Average percentages of Mitotic Indexes (MI) and standard deviations for the negative (CO-) and positive (CO+)

control groups and treated with different oral contraceptives.

12 T
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Groups

Al: suitable for lactating women. A2: morning after pill. A3: oral contraceptive containing drospirenone. A4: injectable
contraceptive. Equal lowercase letters indicate statistically equal means within the same group for each time (Oh, 24h and 48h)
and equal uppercase letters indicate statistically equal means between different groups within each treatment time, using the
Kruskal Wallis test at the 5% level of significance (n=15). Source: Authors.

A similar result was observed by Garcia, Golveia and Santiago (2014), in which A. cepa treated with a mixture of the
hormones ethinyl estradiol, gestodene, cyproterone acetate and levonorgestrel, also showed no changes in mitotic indices and,
thus, cytotoxicity, after 24 and 72 hours of treatment. In the study by Shyama, Abdul and Vijayalaxmi (1991) with the
contraceptive Anovlar 21, which contains the combination of estrogen ethinyl estradiol and progesterone norethisterone acetate
(similar to the A3 contraceptive in the present study, which contains an estrogen and a progestogen in its composition), using
bone marrow cells from mice in vivo, there were also no statistically significant differences in mitotic indices in any of the
tested concentrations. Viega, Rocha and Diisman (2020), evaluating gel containing estradiol, present in the composition of A4,
also using cytotoxicity test with A. cepa, also did not identify changes in mitotic indices after 24 hours of treatment.

However, the Al contraceptive, indicated for lactating women and containing the progestogen hormone desogestrel in
its composition, showed a mitotic index (Al Tr 24h) statistically lower than that of the negative control (CO- Tr 24h), with a
decrease of 70.38%. These data indicate the cytotoxic effect of this contraceptive for eukaryotic cells used in the present study.
If compared to the mitotic index of the control of the bulb itself (A1 Co 0h), the decrease in cell divisions was 37.72%, but it
was not statistically significant.

This cytotoxic effect of the Al contraceptive is ratified by the results found by Ahmad et al. (2001), in which the

norgestrel progestin, at the highest concentrations, strongly inhibited the proliferation of human lymphocytes both in the
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presence and in the absence of metabolic activation system. This result was justified with the hypothesis that the inhibition of
cell growth occurred due to a prolonged G2 phase. Liang et al. (2015) demonstrate that norgestrel at concentrations > 5 ng L
can alter the transcription levels of some target genes during the early development of zebrafish, and this change was directly
related to the concentration and the exposure time.

According to the instructions for this contraceptive (A1), small amounts of the active substance in desogestrel can pass
into breast milk. Therefore, the cytotoxicity data of this contraceptive is very worrying, since the child in the breastfeeding
phase, sometimes up to 2 years or more, is in a constant growth stage and, possible interferences in his cell divisions can result
in serious future losses.

A study by Wagner (2006), for example, indicated that the cerebral cortex may be sensitive to exposure of the
hormone progesterone during its formation, demonstrating that steroid hormones can influence fundamental development
processes in some regions of the brain. In addition, progesterone can facilitate, inhibit or imitate the actions of testosterone in
male behavior in different species, from lizards to humans, suggesting that this hormone can cause changes in the sexual
differentiation of the brain, as well as in male behavior.

On the other hand, in a review by Phillips et al. (2016) showed no effects on the child exposed to progestogen through
lactation with respect to growth, development and health in the first years of life. However, the author points out that no data
has been verified regarding the long-term effects. Garbett et al. (2020), for example, shows that exposure to synthetic
hormones can induce changes in germ cells, resulting in an altered neurodevelopment in the next generation, requiring the use
of complementary tests to assess this potential.

In the present study, it can be observed that the mitotic index of recovery time (A1l Re 48 h) was statistically different
from the treatment time (Al Tr 24 h), showing that the cells were able to recover after removing contact with this
contraceptive. A similar result was also observed by Garcia, Golveia and Santiago (2014), in which after exposure the mixture
of the hormones ethinyl estradiol, gestodene, cyproterone acetate and levonorgestrel, within 48 hours of recovery, it was
proved that the bulbs still had the rooting power, and the presence of the hormones did not damage the growth of the onions.

The data in Table 1 show the results of mutagenic indices and the types of chromosomal changes identified.
According to the statistical analysis, the contraceptive samples evaluated did not show statistical differences when compared to
the control, at the same exposure time, nor did it show differences in the comparison of the different exposure times within the
same group, not indicating a mutagenic effect for onions at this time of evaluation. The genotoxicity of ethinylestradiol
(substance that makes up the drug A3) was investigated by Siddique, Beg and Afzal (2005), in three different concentrations,
and there was no genotoxicity in the absence of metabolic activation (S9 mix) and with metabolic activation without NADP
(nicotinamide adenine dinucleotide phosphate), as found in the present study. Estradiol (present in A4) also showed negative

results for mutagenicity by the chromosomal aberration test with A. cepa performed by Viega, Rocha and Diisman (2020).
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Table 1. Types, numbers, total changes and mutagenic index (%) obtained for the negative (CO-) and positive (CO+) control

groups and the groups treated with different female contraceptives, at times 0, 24 and 48 hours.

Phases of Mitosis

Treatment Interphase Metaphase Anaphase Total Changes  Mutagenic Index (%)
AN CM MA D LC SM AB MA D LC MN

Oh 0 0 0 3 0 0 0 0 0 O 0 03 0.06 aA

CO- 24h 0 0 0 2 0 1 1 3 0 O 0 07 0.14 aA
48h 0 3 0 8 1 0 2 0 1 0 0 15 0.30 aA
Oh 0 3 0 5 0 0 1 1 1 1 0 12 0.24 aA

CO+ 24h 0 1 0 1 2 0 0 0 0 O 0 04 0.08 aA
48h 0 3 0 6 3 0 3 0 1 0 0 16 0.32.aA
Oh 0 3 0 2 0 0 0 1 0 O 0 06 0.12 aA
24h 0 0 0 2 2 0 0 0 1 0 0 05 0.10 aA
48h 0 1 0 6 1 0 0 0 1 2 0 11 0.22 aA
Oh 1 0 0 3 3 0 0 0o 0 3 0 10 0.20 aA
24h 0 1 0 3 3 1 2 0 2 0 0 12 0.24 aA
48h 2 2 0 4 3 0 0 0 0 0 0 11 0.22 aA
Oh 0 0 0 3 2 0 0 0 0 O 0 05 0.10 aA
24h 2 0 0 0 4 0 0 0 1 0 0 07 0.14 aA
48h 1 0 0 4 2 0 0 0 1 1 0 09 0.18 aA
Oh 1 0 1 4 2 0 0 2 1 1 0 12 0.24 aA
24h 1 0 1 2 1 0 1 0 0 O 1 07 0.14 aA
48h 1 1 0 6 1 0 4 0 0 o0 0 13 0.26 aA

AN: altered nucleus; CM: colchicine metaphase; MA: metaphase with adherence; D: disorganized; LC: loose chromosome; SM: sticky
metaphase; AB: anaphase with bridge; MA: multipolar anaphase; MN: Micronucleus. Al: suitable for lactating women. A2: morning after
pill. A3: oral contraceptive containing drospirenone. A4: injectable contraceptive. Averages followed by the same lowercase letter do not
differ in the comparison between the three sampling times of the same control or treated group, and the same uppercase letters do not differ
in comparison between the different sampling times of all groups among themselves, by the test Kruskal Wallis (p<0.05, n= 5). Source:
Authors.

In a search conducted by Naz et al. (2016), for assessing DNA damage to blood lymphocytes, the authors indicated
that the longer the period of use of oral contraceptives, the greater the damage found. This hypothesis can be verified according
to the reports of Ahmad et al. (2001), who confirmed the genotoxic potential of synthetic progestins, used as contraceptives,
and the influence of time and dose in the experiments was also observed. Therefore, it may be possible that if the exposure

time of the present study was longer, higher percentages of mutagenicity could have been detected for A1, A2, A3 and A4.

4. Conclusion

Thus, knowing the importance of the use of contraceptive methods today to prevent unwanted pregnancies, in the
control of irregular menstrual cycles, as well as in the treatment of dermatological diseases, it is essential to know the reactions
of these compounds. Based on the results of this research, it was found that the Al contraceptive, which is recommended for
lactating women, showed a decrease in the mitotic index, demonstrating a cytotoxic effect to A. cepa. Despite this, none of the
contraceptives studied were mutagenic for this indicator.

Therefore, it becomes increasingly necessary to develop more effective processes of sewage treatment, since they are
one of the main routes of entry of hormones into ecosystems, as well as the application of cytotoxicity and mutagenicity tests
as a tool to monitor the efficiency of these treatments. In addition, chronic studies should be carried out, mainly due to the
results found for Al, in order to protect humans and other organisms that may be exposed to these substances in the

environment.
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