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Exposure to different glyphosate formulations
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Abstract Due to the wide use of glyphosate (GLY)
in soybean cultivation, their residues in the environ-
ment may affect non-target organisms such as fish,
developing toxic effects. Despite GLY being widely
used in Brazil, there are few studies comparing the
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effects of commercial formulations in native freshwa-
ter fish species. Silver catfish (Rhamdia quelen) were
exposed to three different commercial formulations of
GLY 48 % (Orium®, Original® and Biocarb®) at 0.0,
2.5 and 5.0 mg/L for 96 h. The effects in thiobarbi-
turic acid-reactive substances (TBARS), catalase
(CAT), superoxide dismutase (SOD), glutathione-S-
transferase (GST) and histological alterations were
analysed in the liver, whereas alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST)
were studied in the plasma. In the liver, TBARS levels
increased and CAT decreased in all treatments and
herbicides tested in comparison with the control
group. The SOD increased at 2.5 mg/L of Orium®,
Original® and 5.0 mg/L Orium® and Biocarb®,
whereas GST increased at 2.5 mg/L Orium® and
decreased at 2.5 mg/L Biocarb® when compared to
the control group. The main histopathological alter-
ations in hepatic tissue were vacuolisation, leucocyte
infiltration, degeneration of cytoplasm and melano-
macrophage in all GLY treatments. The ALT
decreased after exposure to 2.5 mg/L of Biocarb®
and AST increased at 2.5 mg/L of Orium®, Original®
and 5.0 mg/L of Biocarb® in comparison with the
control group. In summary, the oxidative damage
generated by GLY may have caused the increased
formation of free radicals that led to the histological
alterations observed in hepatocytes.

Keywords Aminotransferases - Biocarb® -
Original® - Orium® - Oxidative stress - Vacuolisation
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Introduction

With the production of genetically modified organ-
isms, mainly soybean, the use of herbicides such as
glyphosate (GLY) increased around the world, due the
tolerance of this crop to pesticides (Giesy et al. 2000;
Williams et al. 2000). Currently, several formulations
of GLY based are registered in more than 100
countries, including Brazil, and are available under
different brand names (Moreno et al. 2014). The GLY
(N-phosphonomethyl glycine, C;HgNOsP) is a non-
selective and post-emergence herbicide. Manufac-
tured initially by Monsanto as Roundup®, it contains
the isopropylamine salt of GLY as an active ingredient
and polyoxyethylene amine (POEA) as a non-ionic
surfactant, which increases the herbicide efficiency
(Brausch and Smith 2007).

According to data of the World Health Organisation
(WHO 1994), the toxicity of GLY is considered low.
In addition, Williams et al. (2000) explained that to
humans, others mammals and birds, when used in
normal conditions, this herbicide does not represent
risks to health; this study concluded that fish species in
particular are more sensible than mammals. The
extensive use of GLY may cause environmental
problems and affect fish species. Several studies with
different fish species have shown the toxic effects
caused by GLY, such as Sinhorin et al. (2014) in
Pseudoplatystoma sp., Langiano and Martinez (2008)
in Prochilodus lineatus, Cattaneo et al. (2011) in
Cyprinus carpio and Menezes et al. (2011) in Rhamdia
quelen. Studies comparing the effects of commercial
formulations in native fish species are scarce, and this
is the major reason for this study.

The silver catfish (R. quelen) was chosen for this
study due to the fact that it is an endemic fish species in
South America that can support cold winters, grows
fast during the summer and has excellent fillet quality
for consumption. However, many sites in which the
silver catfish live are located near agricultural areas
that are continuously receiving pesticides from the
agricultural activities. There are some research groups
that chose this fish species to study (Barcellos et al.
2004; Baldisserotto 2009).

The herbicides that contain GLY could be respon-
sible for inducing reactive oxygen species (ROS)
formation, such as hydrogen peroxide (H,0O,), super-
oxide anion (O,"), hydroxyl radical (OH) or other
nitrogen species, all of which may cause an imbalance
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between pro-oxidant and antioxidant defence mecha-
nisms, resulting in oxidative damage (Modesto and
Martinez 2010a; Glusczak et al. 2011). To neutralise
the RS, the fish has an antioxidant defence system that
is constituted of antioxidant enzymes such as super-
oxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) and also a detoxificant enzyme
glutathione-S-transferase (GST) (Modesto and Marti-
nez 2010a; Menezes et al. 2011). As a result of
oxidative damage, lipid peroxidation indicates alter-
ations in the cellular membrane, cohesion, flow,
permeability and metabolic function, leading to cel-
lular instability with consequent damage and death of
the cell (Langiano and Martinez 2008; Menezes et al.
2011).

In general, biochemical and metabolic parameters
measured in fish species are very sensitive to sublethal
concentrations of pesticides. Fish exposure demon-
strates a response relative to a stressor that may be
measured although of several metabolic parameters
related to energetic metabolism, enzyme varieties and
histological alterations (Jiraungkoorskul et al. 2003;
Pretto et al. 2011; Salbego et al. 2014). The impor-
tance of histology as sensitive and reliable indicators
of health status in fish species has been studied. These
studies showed histological alterations in the liver,
such as fatty degeneration, multifocal necrotic pro-
cesses and leucocyte infiltration (Szarek et al. 2000;
Ayoola 2008; Ramirez-Duarte et al. 2008; Hued et al.
2012). Other alternatives for monitoring the exposure
to pesticides in fish are through the analysis of alanine
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST), because these enzymes indicate liver
damage or hepatotoxicity (Ferreira et al. 2010). Thus,
the main aim of this study was to investigate
biochemical and histological alterations in the liver
of silver catfish exposed to sublethal concentrations of
GLY. Another point is to compare the responses
obtained between the different commercial formula-
tions to verify which presented more toxic effects to
native fish species.

Materials and methods

GLY formulations

Three commercial formulations of GLY (N-phospho-
nomethyl) were used in this experiment with the trade
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name of Orium®, Roundup Original® and Biocarb® all
with 48 % purity. These GLY formulations were
manufactured by Dominus Chemistry, Monsanto and
Bio carb Chemistry Industry, respectively.

Fish

The silver catfish (weight 12.0 &+ 1.0 g; length
9.0 & 1.0 cm) of both sexes were obtained from the
fish farm at the Federal University of Santa Maria
(UFSM). The fish were acclimated in dechlorinated
tap water in boxes (250 L) for 10 days. They were
maintained in continuously aerated water with a
natural photoperiod (12-h light/12-h dark). Water
quality parameters were measured every day and
were: temperature 24.5 £+ 2.0 °C, pH 6.8 £ 0.5 units,
dissolved oxygen 8.0 £ 0.2 mg/L, non-ionised
ammonia 0.56 4+ 0.02 pg/L, nitrite 0.06 &= 0.01 mg/
L and alkalinity 22.0 & 2.0. During acclimation, the
fish were fed once a day with commercial fish pellets
(42 % crude protein, Supra®, Brazil). Faeces and
pellet residues were removed by suction.

Experimental design

After an acclimatisation period, the fish were dis-
tributed randomly in 45-L boxes with dechlorinated
tap water. The parameters of water quality during the
experimental period were similar to the acclimatisa-
tion period. The experiment was composed of a
control group (0.0 mg/L, without GLY) and two
exposure groups (2.5 and 5.0 mg/L of GLY concen-
trations). Each experimental group contained eight
fish in duplicate, so the final number was 16. During
the experimental period, the fish were not feed. The
exposure time of 96 h (acute toxicity) was according
to Anton et al. (1994). We chose sublethal concentra-
tions (2.5 and 5.0 mg/L) based on the value of LCs,
for silver catfish which was determined to be 7.3 mg/L
(Kreutz et al. 2008) and also because these concen-
trations may be environmentally realistic considering
current application rates (Langiano and Martinez
2008; Topal et al. 2015). These were also considered
as GLY is easily detected in rivers, agricultural and
urban regions and causes damage to several fish
species (Pesce et al. 2008; Tsui and Chu 2008).

To obtain the experimental concentrations (2.5 and
5.0 mg/L GLY), the herbicide was diluted in distilled
water. The stock solution (300 mg/L. GLY) was added

with a micropipette at the beginning of the experiment
to each of the boxes to obtain the desired concentra-
tions, without herbicide replacement. The concentra-
tion of herbicide in the water was monitored at the
beginning and end of the experimental period through
liquid chromatography with previous derivatisation,
as described by Hidalgo et al. (2004). After the
experimental period, fish were anesthetised with
benzocaine (0.01 %) (Antunes et al. 2008) and were
sampled; the blood was collected from the caudal vein
with heparinised syringe. After the fish were eutha-
nised by spinal cord section, the liver was carefully
removed, placed on ice and stored at —20 °C for
posterior biochemical analyses. All protocols used in
this study were approved by the Committee on Ethics
and Animal Welfare of the Federal University of Santa
Maria, protocol number 056/2013.

Determination of oxidative stress indicators

Thiobarbituric acid-reactive substances (TBARS)
were determined according to method of Buege and
Aust (1978). The antioxidant enzymes SOD and CAT
activities were measured according to Misra and
Fridovich (1972) and Nelson and Kiesow (1972),
respectively. GST activity was measured according to
Habig et al. (1974). All the methods were described in
Menezes et al. (2011).

Protein determination

Protein was determined by the Coomassie blue
method using bovine serum albumin as standard.
Absorbance of samples was measured at 595 nm
(Bradford 1976).

Histological procedure

Each specimen had its liver removed and processed by
routine histological techniques, embedded in paraffin
and sectioned with a microtome of five to seven
microns in thickness. The method of haematoxylin and
eosin (HE) staining has been used for a general
viewing of the affected tissues and organs (Michalany
1980). Histopathological alterations were classified on
a scale from O to 3, where O = no alterations,
1 = slight alterations, 2 = moderate alterations and
3 = severe alterations (Hose et al. 1996). Definitions
of slight, moderate and severe alterations were adapted

@ Springer



448

Fish Physiol Biochem (2016) 42:445-455

from Poleksic and Mitrovic-Tutundzic (1994). The
presence of histopathological alterations in each organ
was semi-qualitatively evaluated by the degree of
organ alteration (index alteration histopathological—
IAH), which is based on the severity of the lesions
(Table 1). In order, to calculate the IAH adapted from
Poleksic and Mitrovic-Tutundzic (1994), the alter-
ations of each organ were classified into progressive
stages of tissue damage. IAH was calculated from each
fish using the formula: TAH = (1 x SI) + (10 x
SIT) 4+ (100 x SII), where 1, 2 and 3 correspond to
the numbers of alteration stages. In turn, S denoted the
sum of alteration in a particular step.

IAH values between 0 and 10 indicate normal
functioning of the organ; values between 11 and 20
indicate light organ damage; 21-50 denote moderate
alterations; 50-100 reveal severe alterations; and
above 100 means irreparable injuries to the organ
(Poleksic and Mitrovic-Tutundzic 1994). Some cases
were selected and photographed under an inverted
light microscope fitted with a digital camera.

Transaminases analysis

The ALT and AST was measured in plasma with
Bioclin test kit. These enzymes were expressed in U/L.

Table 1 Classification of the severity of histopathological
alterations observed in the liver of silver catfish

Stages Alterations

1 (Slight) Melanomacrophage centre
Vacuolated cytoplasm

Irregular form of the hepatocytes
Eosinophil granules in the cytoplasm
Nuclear hypertrophy

Cellular hypertrophy

Irregular nuclei

Lateral position of the nucleus
Leucocyte infiltration

2 (Moderate) Degeneration of the cytoplasm
Degeneration of the nucleus

Pyknotic nuclei

Vacuolated Nuclei

Rectilineation of vessels and parenchyma
3 (Severe) Focal necrosis

Tumour

Modified from Poleksic and Mitrovic-Tutundzic (1994)
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Statistical analysis

Data were tested for normality (Kolmogorov—Smirnov’s
test) and for homogeneity of variances (Bartlett’s test).
Statistical analyses were performed using a one-way
analysis of variance (ANOVA) followed by Tukey’s
test. Data exhibited homogeneous variance and were
expressed as mean =+ standard error (S.E.M.). The value
of p < 0.05 was considered statistically significant for
all analyses. Analysis was performed using GraphPad
Prism 6.01 (GraphPad Software, San Diego, USA).

Results
Herbicide monitoring

The measurements of GLY at the beginning and end of
the experimental period showed that herbicide con-
centrations decreased by about 15-16 % of the initial
level for all concentrations and formulations tested
after 96 h (Table 2).

Oxidative stress indicators

The TBARS levels in the liver of silver catfish were
high at 2.5 and 5.0 mg/L for all herbicides tested in
relation to the control group. At the concentration of
2.5 mg/L, for the three products which differ signif-
icantly from each other, higher TBARS levels were
observed in the Biocarb®. At the concentration of
5.0 mg/L, the Original® formulation was significantly
different to Orium® and Biocarb®, which presented
low TBARS levels (Fig. 1A). The CAT activity in the
liver was lower at both concentrations and GLY
formulations compared to the control fish. There was
no significant difference in CAT activity between
tested formulations (Fig. 1B). The SOD activity was
significantly higher in the liver of fish exposed at both
concentrations of Orium®, 2.5 mg/L Original® and
5.0 mg/L Biocarb® compared to the control group.
Comparing between formulations at concentrations of
2.5 mg/L, the SOD activity was significantly lower in
the liver of fish exposed to the Biocarb® in relation to
Orium® and Original®. At 5.0 mg/L for the three
herbicides, the SOD activity was significantly lower in
the Original® compared to Orium® and no change was
observed when compared to Biocarb® (Fig. 1C). In
the liver, GST activity increased for Orium® (2.5 mg/



Fish Physiol Biochem (2016) 42:445-455

449

L), but on the other hand, Biocarb® (2.5 mg/L)
decreased in comparison with the control group.
When comparing between 2.5 mg/L concentrations,
all formulations presented different GST activity, with
Orium® demonstrating a high elevation and Biocarb®
a lower activity. At 5.0 mg/L concentrations, the
Biocarb® formulation demonstrated an increase in
GST activity in comparison with Original® (Fig. 1D),
and none tested formulation at 5.0 mg/L had signif-
icant result in comparison with the control group.

Histological data

Histological analysis revealed that the liver of silver
catfish had the same general pattern as other teleosts,

Table 2 Concentrations of the GLY herbicide in water
samples

with large hepatocytes and mild hyalinisation, a large
and rounded nucleus, and a marked nucleolus
(Fig. 2a). Hepatocytes form cords delimited by small
blood vessels called sinusoids vessels, which radiate
outward from the portal vein. Between the ridges,
small bile ducts can be occasionally observed. These
are formed by a simple cubic epithelium surrounded
by connective tissue and were observed near the
exocrine pancreatic tissue or isolated in the liver
parenchyma (Fig. 2b).

Histopathological alterations like hepatocyte vac-
uolisation (steatosis—hyalinisation), leucocyte infil-
tration,  degeneration of cytoplasm  areas,
melanomacrophage, lateral position of the nucleus
and lifting capsule were observed in the hepatic tissue
in all GLY treatments. Vacuolisation of hepatocytes
(hyalinisation) was the more frequent histopatholog-
ical alteration observed and was seen in large areas of
the liver, causing them to be classified as having

Formulations  Nominal Initial-final % )
(GLY) concentration  concentration Reduction moderate alterations.
(mg/L) measured (GLY) The results obtained from analysing the intensity and
Orium® 25 2 46-2.08 15.07 frequency of altere?tlons 11n sﬂ'ver catfish I{)wers de.mon-
5.0 5.10-4.24 1675 stratedlthat only slilgh;1 a terlalmo'nsd Yw.a(rle 01 servsd in .the
Original® 2.5 2.62-2.17 16.85 tconim frouﬁ) and tl altlt tt © mnavi llll'ats urtlh elrg(’,mgl
50 4.80-4.05 15.57 rea mfan s showed slight to .severe istopathologica
. ® alterations. We observed a higher frequency of mod-
Biocarb 2.5 2.40-1.99 16.67 . . . . M)
50 5.09.4.29 15,55 erate histopathological alterations in Orium~ and
: : : : severe alterations at 5.0 mg/L Biocarb® (Fig. 3). Using
Fig. 1 TBARS levels (A), A B
CAT (B), SOD (C) and GST £ 81 c 44
(D) activities, in the liver of L *C *A )
. 9 6 *a *A ° 34
silver catfish exposed to s *b s 3
three commercial 2 *B o
formulations of GLY (2.5 < 41 £ 2 xa *a *A *A *A
and 5.0 mg/L) by 96 h. S = *a
Asterisk indicates significant 5 21 3 14
result compared to the £ E
control group. Lower-case 0 CT 25mglL 5.0 mg/L 0 CcT 25mglL 5.0 mg/L
letters indicate the
difference between 2.5 mg/ C 10, D 0.8-
L concentrations and upper- £ g‘ .
case letters indicate the % 9- *a *A = 0.6 a B
difference between 5.0 mg/ s *a *AB Ec
- @'g
L concentrations (p < 0.05, g? 8- B Z% o4l b AB
n=28) = Qs A
8 b *
» 7- 9 o2 ol
5 ’—}‘ g
=3
6 0.0
CT 25mglL 5.0 mg/L CT 25mglL 5.0 mg/L
T3 Orium® @ Original® =@ Biocarb®
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Fig. 2 Normal liver of R. quelen (a): H hepatocytes, VC central vessel (H&E); liver with histopathological alterations (b, ¢ and d): Hi
hyalinisation (steatosis), arrow nucleus peripheral, DC cell degeneration, round infiltration of leucocytes (lymphocytes)

IAH analysis, it was observed that only Orium®

treatments at both concentrations and Biocarb® at a
concentration of 5.0 mg/L showed values above 10,
indicating slight changes in the structure of the organ.
The other treatments showed values lower than 10,
indicating normal functioning of the body (Fig. 4).

Transaminases activities

The enzyme ALT in the plasma of silver catfish
decreased only at 2.5 mg/L of Biocarb® in comparison
with the control group. Comparing the results between
the tested herbicides to a concentration of 2.5 mg/L,
Biocarb® decreased significantly in relation at Orium®
and Original® formulations. Comparisons between
5.0 mg/LL concentrations did not show any significant
results between the formulations tested (Fig. 5SA). The
enzyme AST in plasma increased with 2.5 mg/L of
Orium® and Original® and 5.0 mg/L of Biocarb® when
compared to the control group. Comparing between
2.5 mg/L concentrations, Orium® and Original® pre-
sented high values for AST activity in relation to
Biocarb®. At 5.0 mg/L concentrations, no significant
results were observed for any of the formulations tested
(Fig. 5B).
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Fig. 3 Relative frequency of histopathological alterations
intensity observed in the liver of silver catfish exposed to three
commercial formulations of GLY (2.5 and 5.0 mg/L) by 96 h

Discussion

As silver catfish have an important role both com-
mercially and in aquaculture, this study is pertinent as
monocultures of soybean are located close to fish
farms that produce this species for consumption;
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therefore, the study presented some important results
concerning glyphosate formulations and toxic effects
on fish.

The results showed histological alterations in the
liver, such as fatty degeneration, multifocal necrotic
processes and leucocyte infiltration. Reductions in the
initial concentration of GLY were recorded during the
experimental period (15-16 %); these results are in
agreement with other studies previously published by
our research group (Salbego et al. 2010; Menezes et al.
2011; Sinhorin et al. 2014). This reduction in the
concentration of GLY may be related to possible
absorption by the fish, due to damage found in the liver
of this species or by the transformation of GLY in
metabolites, such as glyoxylate and aminomethyl-
phosphonic acid. According to Aparicio et al. (2013),

124

Mean IAH
<

CT 2.5mg/L 5.0 mg/L

3 Orium® =8 Original® = Biocarb“’|

Fig. 4 Values of histopathological alteration index (IAH) to the
liver of silver catfish exposed to three commercial formulations
of GLY (2.5 and 5.0 mg/L) by 96 h. The dotted line indicates
normal functioning of the organ

A .

30 1

10 - *b

CT 2.5mg/L

5.0 mg/L

studies involving this herbicide in water are scarce,
due to the fact that molecules of GLY are transitory in
this situation; therefore, there is a tendency for these
molecules in the environment to be located in the
sediment.

Some authors consider glyphosate formulations to
frequently induce oxidative damage, causing damage
to unsaturated fatty acids, leading to lipid peroxidation
(Modesto and Martinez 2010a; Cattaneo et al. 2011;
Glusczak et al. 2011). In our study, the silver catfish
exposed to GLY for 96 h showed an increase in
TBARS levels in the liver for all concentrations and
formulations tested. The lipid peroxides formation is
the general response of fish species to glyphosate
exposure. This increase in TBARS levels in the liver
was also observed by Sinhorin et al. (2014), when
Pseudoplatystoma sp. were exposed to 7.5 mg/L of
GLY (Roundup Original®) for 96 h, and by Glusczak
etal. (2011), when Leporinus obtusidens was exposed
to GLY (Roundup®) for 96 h. The liver is the main
xenobiotics detoxifying organ and is particularly
susceptible to oxidative damage. These results suggest
that the fish develop responses to each commercial
formulation of the GLY herbicide in an attempt to
adapt to or eliminate the xenobiotic.

The SOD-CAT system is an important line of
defence against oxygen toxicity, due to the inhibitory
effects on the formation of oxyradicals. Taken
together, these enzymes are frequently used as
biomarkers, indicating the production of ROS (van
der Oost et al. 2003; Langiano and Martinez 2008).
The CAT activity was inhibited at all concentrations of

150 *
a
5 5 *A

100 A A
-
3
g’ b

504
0
cT 2.5mg/L 5.0 mg/L

= Orium® B Original® = Biocarb"*‘|

Fig. 5 ALT (A) and AST (B) activities in the plasma of silver
catfish exposed to three commercial formulations of GLY (2.5
and 5.0 mg/L) by 96 h. Asterisk indicates significant result
compared to the control group. Lower-case letters indicate the

difference between 2.5 mg/L concentrations and upper-case
letters indicate the difference between 5.0 mg/L concentrations
(»p <0.05,n=28)
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the herbicides tested. The reduction in CAT activity
may have occurred due to superoxide ions, which were
probably not neutralised efficiently by SOD, as
observed in this study; this hypothesis may also be
reinforced by the study of Modesto and Martinez
(2010a), where P. lineatus was exposed to GLY for
96 h. Our results were similar to those reported by
Ferreira et al. (2010), who demonstrated the inhibition
of CAT activity to exposure silver catfish to GLY
(Roundup®) by 96 h. In our research, the protection of
the organism against ROS by the SOD-CAT in the
liver was not efficient in any concentrations and
formulations tested. This result may be ascribed to the
increased TBARS levels registered in this organ,
showing oxidative damage.

GST is an important enzyme involved in catalysing
the conjugation of a wide variety of electrophilic
substrates to reduce glutathione (van der Oost et al.
2003; Langiano and Martinez 2008). Furthermore, it
protects the cell against the effects of xenobiotics. In
the present study, GST activity decreased in the liver
at a concentration of 2.5 mg/L of Biocarb® in relation
to the control group. This decrease in GST activity
could suggest a failure of detoxification and the
occurrence of oxidative damage as evidence in the
same concentration in the TBARS levels. Toni et al.
(2013) mentioned the activity reduction in this enzyme
might be related to cytochrome P450 enzymes
biotransformation steps and to the production of
different metabolites that may compete with GST
substrates for the active sites of the enzyme. Similar
results were also reported by Menezes et al. (2011)
when silver catfish were exposed to GLY (Roundup®)
for 8 days.

Thus, the presence of oxidants may lead to the
activation or inhibition of enzymatic activity. The
induction of GST in fish organs is considered bene-
ficial for handling stressful conditions, as observed at
2.5 mg/L Orium®. According to Modesto and Marti-
nez (2010b) exposing P. lineatus to GLY (Roundup®)
for several experimental periods, the activation of this
enzyme may have occurred due to metabolisation of
the produced lipoperoxides. However, in the present
study, the activation of GST was not sufficient to
eliminate GLY. These results show that formulations
of GLY herbicides can have different effects on the
same species, being effective or not, still no effect was
observed in high concentrations in comparison with
the control group. This response may indicate the
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exposed fish tried to use others pathways in the attempt
of the detoxification.

The oxidative damage situation induced in the liver
of silver catfish by GLY may also be observed in
several histological alterations shown in this organ. In
the present study, vacuolisation was the main alter-
ation observed in all treatments. The study by Ayoola
(2008), in which Oreochromis niloticus were exposed
to GLY at different concentrations for 96 h, also
demonstrated vacuolisation. Others herbicides such as
2,4-D and clomazone (Cattaneo et al. 2008; Crestani
et al. 2007) and insecticide-class pesticides (carbosul-
fan) and fungicides (benomyl and propineb) are able to
produce similar results such as vacuolisation and focal
necrosis as found in the present study (Capkin et al.
2010). According to Jiraungkoorskul et al. (2003),
vacuolisation might be an imbalance between the rate
of synthesis of lipid substances in the parenchymal
cells and the rate of release in the systemic circulation.
Nevertheless, lipid changes in hepatocytes may indi-
cate that fish are concentrating lipophilic substances
(such as surfactant POEA) in the hepatocytes with the
end result being the reduced availability of the
xenobiotic (Sarkar et al. 2005; Ramirez-Duarte et al.
2008).

In our research, all GLY treatments demonstrated
moderate alterations indicating degeneration of the
cytoplasm and severe alterations (focal necrosis) at
5.0 mg/L Biocarb®. These results allow us to hypoth-
esise that an increase in the detoxifying function of
glyphosate by the liver may have occurred, and the
results demonstrated that it was not possible to
regenerate new hepatocytes in response to this expo-
sure. Similar results were described by Langiano and
Martinez (2008) after GLY (Roundup®) exposure in
P. lineatus considering different experimental periods.
Kumar et al. (2014) exposing Oreochromis mossam-
bicus to endosulfan reported results of focal necrosis
as observed in our investigation. According to Mela
et al. (2013), focal necrosis represents irreversible
functional damage on homoeostasis of the organism.
Nevertheless, in the present study, treatments of GLY
demonstrated infiltration of leucocytes and melano-
macrophages. These results are considered a biomar-
ker of immune toxicity and are related to degenerative
necrotic conditions. These cells acted to remove debris
(cell death) by increasing the phagocytic activity
(Hued et al. 2012; Mela et al. 2013). By observing this
set of results, it is possible to deduce that GLY might
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cause an inflammatory process in the liver of silver
catfish.

According to the IAH analysis, the formulations
Orium® at both concentrations and Biocarb® at
5.0 mg/L were able to cause slight changes to organs
that were still reversible. The histological alterations
observed in this study may be dependent on the time of
exposure and concentrations used; this hypothesis was
reinforced by Topal et al. (2015) when Oncorhynchus
mykiss was exposed to GLY for different experimental
periods.

A set of biomarkers is necessary for understand-
ing the response of the organism when exposed to
pesticides. Thus, biomarkers that indicate oxidative
damage, antioxidant enzymes, histology and plasma
enzymes were integrated into the present study.
These parameters were chosen for being usually
changed by the exposed organisms. Therefore, these
biomarkers may predict the toxicity of the com-
pound and be useful in aquaculture and environ-
mental risk assessment. ALT, the enzyme that is
present preferentially in the cytoplasm showed
decreased activity at 2.5 mg/L Biocarb®. This result
may be due to a deficiency of available amino acids,
leading to a decrease in alpha keto acids and a
consequential decrease in the activity of ALT. The
enzyme AST may be found in the cytoplasm and
mitochondria; in our research, an increase in this
enzyme was observed at 2.5 mg/L Orium® and
Original® and at 5.0 mg/L Biocarb®. These
observed results of increased AST activity in
Orium® and Biocarb® may be related to the damage
frequency, which in these groups was moderate and
severe, being indicative of damage to the hepato-
cytes and the excessive production of said enzyme,
or as a result of necrosis where disruption of the
membranes occur, releasing them into the blood.
Still, it is possible to hypothesise that GLY is
causing an initial damage in the hepatocytes of
silver catfish after acute exposure. Similar results
were observed by Crestani et al. (2006) after
exposing silver catfish to clomazone (0.1 and
5.0 mg/L) for several experimental periods. Consid-
ering that AST is found in the mitochondria, it is
possible to imply that GLY may cause more toxic
effects in mitochondria of the hepatocytes compared
to other organelles, leading to a deficit in cellular
respiration.

Conclusion

The knowledge of sublethal effects of GLY formula-
tions considering this set of analyses used at present
study is important to better understanding the different
pathway of detoxification utilised by organisms exposed
in attempt of eliminate the same active ingredient. The
values obtained for TBARS, SOD and GST showed that
2.5 mg/L of Biocarb® was the more extreme treatment
compared with others formulations tested. The differ-
ence observed for the formulation Biocarb® may be
related to the components of the formula, such as the
surfactant used in the manufacturing of this product,
which were not described by the manufacturer. How-
ever, in histological analyses, more damage was
observed at 5.0 mg/L Biocarb®; although this damage
is reversible according to IAH, the damage in the
environment if this poisoning is prolonged might lead to
irreversible damage, mainly to the liver, impairing
homoeostasis and detoxification processes. It is impor-
tant to emphasise the severe damage in the hepatocytes
may have occurred due to the increase in the free
radicals, which induce the oxidative damage and the
alterations for AST might have caused injury to the
mitochondria. Thus, the present study allowed to
identify the responses of native organism and predict
potential damages this organism may have in the
environmental situations. This condition may occur in
near regions to soybean cultivation where GLY is
widely used on genetically modified organisms and
other situations where GLY herbicide is used.
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