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Abstract
Metformin hydrochloride (MET) is an oral medication very prescribed for patients with diabetes, with a
large part of its metabolites being eliminated in the urine. Basic sanitation systems are not fully effective
in removing all the contaminants, promoting contamination to rivers and supply reservoirs. The objective
of this study was to test the potential acute and chronic effects of MET on the antioxidant system,
mutagenicity effects and tissue damages in the bioindicator D. rerio. The animals were acclimatized and
separated into six groups and exposed to different concentrations of MET (0.00, 0.25, 0.50, 0.75, 1.25
g.L− 1) over a 96 hour period to determine the LC50. In another experiment, �ve groups of ten animals
were separated as follows: four groups for evaluation of the chronic effect of 0.45 g.L− 1 of metformin
hydrochloride (15, 30, 45 and 60 days) and, a negative control group (NC). The antioxidant system and
the tissue damages of the muscle samples and, the mutagenicity in the blood samples were evaluated.
The presence of oxidative stress and mutagenicity, together with the activation of the antioxidant system,
can be visualized up to 30 days of treatment, with intense tissue damages in 60 days and the emergence
of apoptotic cells, which is evidence of the toxic potential of this drug to non-target aquatic populations.

1. Introduction
Metformin hydrochloride is a guanidine-derived drug prescribed for the treatment of diabetes mellitus and
polycystic ovaries (WITTERS, 2001). When lifestyle change alone is not su�cient to control glucose
levels, 500–2500 mg of metformin hydrochloride are indicated for daily intake (KOROLKOVAS, 2015). In
the metabolism in the human body, part of metformin is discarded into the environment through
excretion. Metformin is not removed by basic sanitation systems, it soon ends up reaching water
resources (streams, rivers and reservoirs) and contaminating non-target populations. Found in 89% of
samples and 97% of rivers tested in a study conducted in the United States (BRADLEY et al., 2016), its
presence in aquatic ecosystems has had a negative impact on �shes, as it affects the male �tness and
impacting the health of natural populations (MACLAREN; WISNIEWSKI; MACLAREN, 2018).

Seen as one of the most common mechanisms in a toxic condition, oxidative stress is a consequence by
the antioxidant system imbalance and reactions that lead to decreased cell homeostatic state. This state
is a consequence of the elevation of reactive oxygen species (ROS) and the increase of oxidized
molecules (SAMET; WAGES, 2018). The formation of ROS can induce an increase in markers related to
protein metabolism and degradation (SCHERZ-SHOUVAL; ELAZAR, 2007). These changes can also trigger
lipoperoxidation reactions, and increase DNA damage (CZARNY et al., 2018), leading to genomic
instability, facilitating mutations, and triggering carcinogenic processes (FAYH et al., 2018).

There is still little information about the chronic effects of metformin hydrochloride in non-target
populations, like �shes. Thus, it is important to carry out studies within this scope, and the aim of the
present study was to evaluate the potential effects of metformin hydrochloride drug on the antioxidant
system, as well as mutagenic effects and tissue damages using Danio rerio bioindicator evaluations.
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2. Methodology

2.1 Acclimatization and Experimental Procedures
The sample consisted of 120 adult male specimens of Danio rerio �sh obtained from �sh farmers duly
regulated by the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA), distributed
in a completely randomized design. From these, half were used to verify the LC50 (50% lethal
concentration) and the others were used in an experiment to evaluate the chronic effect of metformin
hydrochloride. This project was approved by the Animal Research Ethics Committee (CEUA – n° 53 − 17)
of the Western Paraná State University (UNIOESTE).

All animals were acclimated in aeration tanks with constant temperature (24 ± 0.5 ºC) for at least seven
days, respecting the density of 1 g of �sh.L− 1 of water. The animals were fed with commercial �sh food
with 45% crude protein, twice a day, receiving 5% of the total aquarium biomass. In the chronic effect
evaluation experiment, total aquarium water was changed weekly in all containers, including controls,
and new treatments were added to each aquarium, characterizing in pressure experiments (GOTELLI;
ELLISON, 2011). In addition to the new treatment, negative control water was redistributed in all
aquariums in order to conserve the environment where the animal was conditioned, thus reducing the
stress of the procedure. All aquariums were supplied using water from the artesian well that supplies the
University.

In order to measure water quality throughout the experiments, water evaluations were performed in a
parallel experiment under the same conditions. The evaluations were performed twice a week, evaluating
the pH and the dissolved oxygen contractions using a pH meter and an oximeter, respectively. Ammonia
and nitrite concentrations were evaluated using speci�c kits (ALFAKIT®) adapted for microplates and
readings by spectrophotometer at 620 nm and 490 nm wavelengths, respectively.

2.2 Evaluation of 50% lethal concentration (LC50)
To evaluate the LC50, the �shes were placed in �ve 10 L aquariums (n = 10 per aquarium). The following
concentrations of metformin hydrochloride were administered to the aquariums for 96 hours: A − 0.25
g.L− 1; B − 0.5 g.L− 1; C − 0.75 g.L− 1; D − 1.25 g.L− 1 plus one aquariums used as control: E - Negative
control (acclimatized animals only). Throughout the experiment, mortality rates per treatment were
recorded daily. The calculation of LC50 was estimated nonlinearly by probit regression using the Quasi-
Newton estimation method. The prediction of LC50 was de�ned by multiple regression analysis, based on
predicted probabilities (U.S. EPA, 2011).

2.3 Evaluation of chronic effects of metformin
hydrochloride
After evaluation of the LC50, another experiment was done, in which the total and standard lengths of
other animals were measured, and they were weighed both in the initial treatment period and before
euthanasia. These animals were stored in four 10 L aquariums (n = 10 per aquarium) after initial
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weighing. In the aquariums, the sublethal concentration of 0.45 g.L− 1 metformin hydrochloride (obtained
in the previous experiment) was administered and subdivided according to the time of drug exposure:
T15: exposure for 15 days; - T30: exposure for 30 days; - T45: exposure for 45 days; - T60: exposure for
60 days. One more aquarium had animals just conditioned and considered as control, they were kept for
60 days: T0 - Negative control (animals only acclimatized).

At the experimental times described above, the animals were anesthetized in water containing 30 mg of
eugenol per liter, according to the methodology suggested by Honczaryk and Inoue (2009) and reweighed.
Then, still anesthetized, blood was collected for subsequent micronucleus test (MN) through the caudal
�n section. The tail muscle was also removed with the aid of a scalpel for the analysis of the antioxidant
system. After material collection, the animals were euthanized by eugenol saturation, according to the
same methodology mentioned above and discarded in a hospital waste bag for appropriate purpose.

2.4 Laboratory Tests

2.4.1 Sample Preparation
The muscle of each animal from both experiments described above was placed in a microtube
containing 1 mL of TRIS HCl Buffer pH 7.4 and frozen at -20°C until the following procedures were
performed.

The samples were thawed on crushed ice for at least two hours and then homogenized in TRIS HCl pH
7.4 buffer solution for 5 minutes. The material was centrifuged at 13,680 G at 4°C for 10 minutes and the
supernatant placed in a new microtube and frozen again at -20°C. Protein quantitation of the samples
was determined by the Bradford method using bovine serum albumin as standard (BRADFORD, 1976).
The samples were analyzed by microplate spectrophotometry using 595 nm wavelength. All samples
were subsequently normalized to 1 mg of protein.mL− 1.

2.4.2 Antioxidant System Analysis
The dosage of dismutase superoxide enzyme followed the protocol proposed by Crouch et al. (1981),
whose principle is to quantify tetrazolium blue (NBT). 100 µl of 100% ethanol was added in 300 µl of the
normalized samples and centrifuged at 13,680 G at 4°C for 10 minutes. In a 96-well microplate, 30 µl of
the triplicate sample supernatant was pipetted, to the blank 30 µl of 25% ethanol in 200 mM Tris-HCl
buffer and 100 µl of the hydroxylamine solution were pipetted. Absorbance measurements were
performed at 560 nm for 90 minutes at 1-minute intervals. SOD unit expression was given to enzyme
activity capable of inhibiting by 50% the oxidation of protein NBT.mg− 1.

The catalase enzyme dosing process was carried out according to the protocol proposed by Aebi, (1984),
which has as its principle the dismutation of peroxide, whose molar extinction coe�cient is 40 M− 1.cm− 1.
3 µL of the normalized samples were pipetted into microplates for reading in ultraviolet
spectrophotometry, and were added 297 µl of the reaction system (2.5 ml 1.0 M Tris-HCl Buffer, 5.0 mM
EDTA, pH 8.0; 47.32 ml of deionized water and 70 µl H2O2). Subsequently, the absorbance was measured
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at 240 nm for 2 minutes at 10-second intervals. Unit was expressed in mmol of degraded H2O2.min− 1.mg

of protein− 1.

The principle of Glutathione Transferase (GST) activity analysis is that the enzyme catalyzes the
conjugation of reduced glutathione (GSH) with the synthetic substrate CDNB (HABIG; PABST; JAKOBY,
1974). 20 µL of the normalized/blank samples were pipetted in triplicate, and 20 µl of potassium
phosphate buffer and 180 µl of the reaction system (0.94 mM CDNB/GSH) were added at room
temperature (25°C). Absorbance measurements were performed at a wavelength of 340 nm for 5 minutes
at 30-second intervals. The unit was expressed in nmol of formed thioether.min-1.mg of protein-1.

For the indirect quanti�cation of peroxides, the protocol followed was that of Buege and Aust (1978). For
sample preparation, a medium containing 0.33 mg/ml rate of protein was added to a medium containing
6.7% trichloroacetic acid (TCA) with a �nal volume of 180 µL and vortexed. The material was then placed
in an ice bath for 5 minutes and centrifuged for 5 minutes at 13,680 G at 4°C. 40 µL of the supernatant
and standard Malonaldehyde (MDA) concentrations were pipetted in triplicate into a reaction medium
containing 21.42 mM of TBA, 17.86 mM of NaOH, 0.73 M of TCA, 0.032 mM of BHT, 3% ethanol in PBS.
The reaction was read at 22°C, after 60 minutes of incubation at 60°C, at an absorbance of 535 nm. Lipid
peroxidation was estimated from standard MDA concentrations and results were expressed as nmol of
MDA.mg protein-1.

2.4.3 Mutagenicity Evaluation
For the micronucleus test we followed the protocol according to the one proposed by Hooftman and Raat
(1982) with adaptations. The blood taken from each specimen was dripped onto a slide and smeared,
one per animal. The slides were kept dry for 24 hours, then �xed in absolute methanol for 10 minutes and
an additional 24 hours of drying at room temperature. They were then stained for 10 minutes with
Giemsa solution diluted with 0.06M (pH 6.8) phosphate buffer in the ratio of 1 mL dye to 20 mL buffer,
washed in distilled water and brought to dryness again. One thousand red blood cells per slide were
analyzed under a light microscope at 1000x magni�cation for the MN count and to analyze of blebbed
cells, notched cells, bud, necrosis, binucleated cells, apoptosis and lobed nucleus, always statistically
compared to the negative (low mutagenic potential).

2.4.4 Tissue damages
The muscle homogenates were utilized for analysis of aspartate and alanine aminotransferase (AST and
ALT), Creatinine, and total creatine kinase (CK) and muscular fraction of creatine kinase (CK-MB) were
measured using enzymatic commercials kits assays (Bioclin®). The absorbances were read on a
microplate spectrophotometer at 343 nanometers and 510 for creatinine.

2.5 Statistical analysis
The assumptions of normality (Shapiro-Wilk test) and homoscedasticity (Levene Test) were tested for all
variables. The groups were compared by the One-way ANOVA or by the Kruskal Wallis test and, in case of
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statistical signi�cance (p < 0.05), the post-hoc test was performed using the Tukey-HSD test or the Dunn
test, respectively.

After univariate analysis, we performed principal component analyzes of variables related to matrices, the
antioxidant system, mutagenic effects and tissue damage. For each matrix, data quality was assessed
using the Kaiser-Meyer-Olkin criterion (overall k > 0.5). The �rst main component of each analysis was
considered as the summary of linear relationships, and therefore, representing a latent variable from each
set of observed variables. Latent variables were compared between experimental groups using single
factor ANOVA, followed by the Tukey-HSD post-hoc test. All inferential analyzes were performed using the
R program (R Development Core Team, 2019), assuming a signi�cance level of 0.05.

3. Results

3.1 50% lethal concentration (LC50)
It was found that the groups exposed to 0.25 g.L− 1 (0%), 0.5 g.L− 1 (8%) and negative control (8%) did not
show statistically signi�cant differences regarding mortality (p > 0.05), observing differences from the
concentration of 0.75 g.L− 1 (13%) and 1.25 g.L− 1 (70%) (p < 0.05).

From the observed data, application of the estimation method and expressing the results in a second
order polynomial model, it was possible to estimate that the lethal concentration of 50% of the
individuals (LC50) was 1.15 g.L− 1 in 96 hours. The same LC50 calculation was also performed for 48 and
72 h, with values   of 2.55 and 1.26 g.L− 1, respectively. These data were evaluated by regression analysis,
de�ning a negative exponential model (Fig. 1B). From the present model it was possible to infer that the
LC50 value for seven days of exposure is 0.51 g.L− 1 of metformin hydrochloride. The calculation of this
value was necessary since it would have to be reset weekly in the chronic exposure experiment, and a
non-lethal concentration of 0.45 g.L− 1 of metformin hydrochloride was de�ned.

3.2 Chronic exposure to metformin hydrochloride

3.2.1 Water quality and biometry of animals
Regarding water quality, it was possible to observe that throughout the experiment there were no
signi�cant statistical differences in pH (General mean = 7.89 ± 0.06; F = 0.989; p = 0.435) and dissolved
oxygen (OD) (General mean = 7.92 ± 0.42; H = 0.534; p = 0.749) between treatments, remaining at values
considered adequate for the conditioning of D. rerio. However, a statistically signi�cant difference was
found in the evaluation of ammonia, indicating a signi�cant increase in values at 15, 30, 45 and 60 days
of exposure to metformin hydrochloride when compared to the negative control (H = 12.43; p < 0.0001;
Table 1). On the other hand, for nitrite, no signi�cant results can be observed (H = 0.31; p = 0.863; Table 1),
indicating the similarity of the treatments with the negative control.
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Table 1
Medians, interquartile and interpercentric ranges of water
quality variables (mg.L− 1) in D. rerio exposed to 0.45 g.L− 

1 of Metformin Hydrochloride and Negative Control (NC)
for 60 days (T60).

  Md (1°Q − 3°Q)

Treatments Ammonia (mg.L− 1) Nitrite (mg.L− 1)

T15 0.13 (0.11–0.14) 0.16 (0.09–0.21)

T30 0.10 (0.08–0.11) 0.08 (0.06–0.13)

T45 0.09 (0.08–0.11) 0.21 (0.14–0.44)

T60 0.09 (0.08–0.14) 0.11 (0.07–0.20)

NC 0.01 (0.01–0.04)* 0.07 (0.06–0.14)

p-valor < 0.0001 0.863

When observing the total length and standard length) of the animals, it was observed that there was no
statistical difference between treatments (p = 0.202; p = 0.182, respectively. Regarding the weight variable,
when comparing the initial and �nal weight of all animals, a signi�cant weight loss can be observed
(Difference mean=-0.07 ± 0.04 g; V = 909.5; w = 0.008).

3.2.3 Antioxidant system
Signi�cant increase in SOD activity values (F = 8.752; p < 0.0001) was observed among animals exposed
to metformin hydrochloride in period of 30 days and the T0 group showed differences in relation to
periods of T15 and T30 (Fig. 1A). No statistically signi�cant difference was observed regarding CAT
activity when comparing groups (F = 1.8; p = 0.147; Fig. 1B). Regarding GST, a signi�cant reduction
activity was found at 15 and 30 days of drug exposure when compared to the negative control and others
groups, being the T0 statistically same to the T60 (F = 39.74; p < 0.0001; Fig. 1C). In this analysis it was
observed that the LPO reaction remained high in the �rst three treatment periods (15, 30 and 45 days), but
the same does not showed signi�cant differences when compared to the others treatments (F = 8.11; p = 
0.087; Fig. 1D).

3.2.4 Mutagenic action
There was a signi�cant increase in the frequency of MN (H = 16.228; p = 0.002; Table 2; Fig. 1E) and in the
number of necrosis cells (H = 20.468; p = 0.000; Table 2; Fig. 1F) over 15 days (T15) compared to other
treatments, these being statistically different from T0. Binucleated cells (H = 4.397; p = 0.355; Table 2;
Fig. 1G) and cells with bud (H = 5.727; p = 0.220; Table 2; Fig. 1H) showed no statistically signi�cant
differences. At 60 days (T60), an increase in the frequency of cellular apoptosis could be seen compared
to the other groups, a statistic difference also could can seen when compared the periods of 15 (T15) and
30 days (T30), in which these showed lower levels of apoptosis than others treatments (H = 33.913; p < 
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0.0001; Table 2; Fig. 1I). Already Blebbed (H = 10.3865; p = 0.034; Table 2) and Lobed Nucleus (H = 
10.7937; p = 0.029; Table 2), also was observed differences in the cellular frequencies, been that to
Blebbed, T15 and T45 was different statistically (Table 2).

Table 2
– Medians and interquartile ranges of the variables analyzed in 1000 D. rerio erythrocytes

exposed to 0.45 g.L− 1 of Metformin Hydrochloride at different times: Negative Control (NC); 15
days (T15); 30 days (T30); 45 days (T45); 60 days (T60).

Treatments NC T15 T30 T45 T60 p-valor

MN 0

(0–0)

2

(1–2)*

0

(0–1)

1

(0–1)

0

(0–0)

0.002

Necrosis 0

(0–0)

7

(6–8)*

0

(0–2)

3

(1–7)

0

(0–0)

0.000

Binucleated 0

(0–0)

0.0

(0–0)

0

(0–0)

0

(0–0.25)

0

(0–0)

0.354

Bud 0

(0–0)

0

(0–0.25)

0

(0–1)

0

(0–0.25)

0

(0–0)

0.220

Apoptosis 157

(135–169)

13

(1–21)*

8

(1–10)*

147

(75–168)

222

(149–290)*

> 0.0001

Blebbed 0

(0–1)

0

(0–1)*

0

(0–0)

0

(0.0–1)*

1

(0.7–1.2)

0.034

Lobed Nucleus 0

(0–0)

0

(0–0)

0

(0–1)

0

(0–0)

0

(0–0)

0.029

3.2.5 Tissue damages
When evaluating the variables that re�ect tissue damage, we found that ALT (k = 34.901; p < 0.0001;
Fig. 1J), AST (k = 33.062; p < 0.0001; Fig. 1K), CK (k = 28.656; p < 0.0001; Fig. 1L) and CK-MB (k = 10.738;
p = 0.030; Fig. 1M) showed signi�cant differences among groups. It was possible to verify that after 30
days of exposure to metformin hydrochloride there was a signi�cant increase in the values of ALT and
AST, and after 45 days there was an increase in CK and CK-MB.

3.3 Integrative analysis
Since organisms present their biological systems integrated, analyzes and interpretations must be carried
out in an integrated manner. Therefore, we carried out evaluations in three systems: Antioxidant System,
Mutagenic Effects and Tissue Damage. This evaluation was carried out with the Principal Component
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Analysis, evaluating only the �rst dimension of the analyses, since it is the component that accumulates
the greatest variation in linear relationships. When performing the analysis for the variables related to the
Antioxidant System, relationships between SOD, LPO and GST can be observed in the �rst dimension, the
latter being inversely related to the others (Dimension 1 - Antioxidant System; Eigenvalue = 1.52; Variance 
= 38.04%; Fig. 2A). In this interpretation, we can verify the activation of the antioxidant system, increased
oxidative stress and reduced detoxi�cation capacity, especially in 30 days of exposure to Metformin
Hydrochloride (F = 9.05; p < 0.0001; Fig. 2B).

As for the integrated assessment of variables related to DNA damage, we can see that the �rst dimension
refers to the linear relationships of binucleate cells, bud formation, blebbed and apoptosis, the latter being
inversely related to the others (Dimension 1 - Mutagenicity; Eigenvalue = 1.92; Variance = 27.44%; Fig. 2C).
We veri�ed that in 15, 30 and 45 days there is an increase in binucleate cells, sprouts and blebbed, while
in 60 days there is more occurrence of apoptosis (F = 6.309; p = 0.0005; Fig. 2D). Finally, regarding tissue
damage, we found that the �rst dimension presents strong linear relationships between CK, ALT and AST,
all of which are directly related (Dimension 1 – Tissue Damage; Eigenvalue = 2.66; Variance = 66.57%;
Fig. 2E). It was possible to verify the gradual increase in tissue damage, with greater intensity of damage
being observed after 60 days of exposure to metformin hydrochloride (F = 35.791; p < 0.0001; Fig. 2F).

4. Discussion
Metformin hydrochloride (MET) at a sublethal dose of 0.45 g.L− 1 was able to promote persistent damage
in erythrocytes and muscle of Danio rerio chronically exposed (60 days). The induction of a defense
response by the antioxidant system and the installation of DNA damage up to 30 days was evidenced.
These results re�ect the change in protein metabolism, with a signi�cant increase in ammonia excretion
throughout the experimental period.

Environmental pollution induces cell detoxi�cation in exposed organisms, which causes ROS production
and increased activity of antioxidant enzymes as a defense mechanism. The present study demonstrated
that MET induced the antioxidant system of Danio rerio. Antioxidant activity levels changed in a time-
dependent manner, as there was an increase in 15 days, followed by an activation peak in 30 days and
gradual inhibition at 45 and 60 days. The induction of an antioxidant response has also been evaluated
in Danio rerio embryos exposed to environmentally relevant concentrations of metformin with increased
markers of oxidative damage (ELIZALDE-VELÁZQUEZ et al., 2021). The authors show that this response
may have been caused by an inhibition of the mitochondrial complex I of the electron transport chain and
a consequent increase in superoxide production and triggering of apoptosis mechanisms.

Considering that SOD is the �rst enzyme of antioxidant system (JIAO et al., 2020), we observed the
increase in its activity until 30 days of exposure to MET, considering an active cellular defense. However
this primary system began to be insu�cient to defend against the constant production of ROS. The same
response was identi�ed in the CAT enzyme to try to eliminate the accumulation of hydrogen peroxide
from metabolism reactions. Thus, the change in the redox balance of cells activated the antioxidant
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defense of GST, as can be seen at 45 days of exposure to MET, with its activation being signi�cantly high,
thus representing a second line of cellular defense against oxidative pressure to convert this xenobiotic
and ful�ll detoxi�cation (Li et al., 2018).

Despite the activation of the antioxidant system up to 30 days of exposure to the xenobiotic, the large
period of the animals' exposure to MET promoted an increase in cell damage and apoptosis markers. An
important feature found in animals chronically exposed to MET was the increased activity of
aminotransferases (ALT and AST), both being markers of changes in the energy metabolism of these
animals (KHAN et al., 2020; MEADOR; YEH; GALLAGHER, 2018). Likewise, the late increase (after 45 days
of exposure) in the activity of creatinine kinase enzymes may be associated with the failure of the repair
system and apoptosis induction, how observed by others researchers (SONG et al., 2018; UCAR et al.,
2019; WANG et al., 2019).

At the end of exposure for 60 days, the potential toxicity of MET was also able to signi�cantly induce the
state of cellular apoptosis. Li et al. (2020) point out that the induction of the apoptotic process may be a
result from the increase in the generation of ROS, activating a mitochondrial signaling pathway mediated
by ROS. The same authors mention that this effect may be related to increased tissue damage in
Zebra�sh �sh.

In addition to the study of antioxidant system, it was also possible to observe an increase in the levels of
Lipoperoxidation in the �rst days of treatment, even though it did not show statistical signi�cance (p > 
0,05). According to Voulgaridou et al. (2011), LPO products can induce mutations in DNA strands, which
over time can develop a carcinogenic process. With the peroxidation of fatty acids, the formation of lipid
peroxyl occurs, which can be later converted into secondary aldehyde species, which can result in cell
damage (MUSTAFA et al., 2017). This type of cell damage was observed in the present study, with a
simultaneous increase in the number of MN and Blebbed cells, which are indicators of mutagenicity
within a 15-day period. Along with the induction of mutagenic processes, it is possible to visualize the
increase of cells in a state of necrosis over the exposure to MET, which demonstrates the possible
cytotoxic potential of the drug, concomitantly with the increase in ROS. According to Malhi; Gores and
Lemasters (2006), a common event that can trigger both the necrotic and the apoptotic processes is
permeabilization and mitochondrial dysfunction.

The induction of protein metabolism evidenced by the increase in muscle phosphotransferases and
transaminases, together with the subsequent loss of antioxidant defense and the increase in cellular
apoptosis (after 45 days), can promote the loss of the animals' homeostatic regulation capacity. The
synthesis of this discussion may be observed in the diagram exposed below (Fig. 3).

Therefore, considering that xenobiotics, such as Metformin Hydrochloride (widely used by the human
population in the treatment of Diabetes and Polycystic Ovary Syndrome), are not fully puri�ed in the
sewage treatment systems of cities and, therefore, are constantly dumped in rivers and streams, it can be
said that aquatic animals are in constant exposure to such chemicals. The present study demonstrated
that chronic exposure to these xenobiotics promotes functional changes on the �sh Danio rerio. Such
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functional changes can reduce the �sh ability to search for food, reproduction and survival, re�ecting
negatively on the populations. Therefore, there is a need for studies that develop systems for the removal
of xenobiotics in the treatment of sewage in cities, since there is currently evidence reported in the
scienti�c literature that demonstrate the deleterious effects of these chemicals, constantly dumped in
streams, on the aquatic fauna.

5. Conclusion
The present study demonstrated the toxic potential of MET in chronically exposed animals (60 days).
There was an induction of a response from the antioxidant system, followed by an inhibition of this
system concomitant with the appearance of cellular and mutagenic damage. Toxic effects can reduce
the ability of exposed animals to survive.
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Figure 1

Means and standard error of the antioxidant system variables and tissue damages, and types of
mutagenicity cells analyzed in D. rerio muscle, exposed to 0.45 g.L-1 of Metformin Hydrochloride at
different treatments: 15 days (T15); 30 days (T30); 45 days (T45); 60 days (T60); and the Negative
Control (NC). A) SOD; B) CAT; C) GST; D) LPO; E) MN; F) Necrosis; G) Binucleated; H) Bud; I) Apoptosis; J)
ALT; K) AST; L) CK and M) CK-MB. 
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Figure 2

Ordering diagram of the principal component analysis and average + standard error barplot of the
different systems analyzed in D. rerio exposed to 0.45 g.L-1 of Metformin Hydrochloride at different times:
Negative Control (NC - blue); 15 days (T15 - green); 30 days (T30 - pink); 45 days (T45 - orange); 60 days
(T60 - red). A and B) Antioxidant System; C and D) DNA Demage; E and F) Tissue damages.

Figure 3
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Scheme of antioxidant system behavior and mutagenic potential in metformin hydrochloride chronic
exposition.


