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The potential toxicity of glyphosate, a widely used broad-spectrum herbicide, is currently a great matter of debate. As vertebrate
insectivores, lizards protect plants from herbivorous insects increasing plant biomass via the trophic cascade and represent an
important link between invertebrates and higher predators. A negative effect of glyphosate on lizards’ survival could have major
impacts at the ecological levels. In this study, we investigated the effects of the exposure to low doses of glyphosate on the liver
of the wall lizard Podarcis siculus, a suitable bioindicator of soil pollution. Two different doses of pure glyphosate (0.05 and 0.5
𝜇g/kg body weight) were orally administered every other day for 3 weeks to sexually mature males and females. The results
demonstrated that both doses, despite being very low, are toxic for the liver that showed clear signs of suffering, regardless of sex.The
histological analysis provided a scenario of severe hepatic condition, which degenerated until the appearance of fibrotic formations.
The morphological observations were consistent with a loss of liver physiological functions. Immunocytochemical investigations
allowed us to detect an involvement of antioxidant/cytoprotective proteins, such as superoxide dismutase 1 (Cu/Zn SOD, known as
SOD1), glutathione peroxidase 1 (GPx1), metallothionein (MT), and tumor suppressor protein 53, (p53) suggesting that the liver was
trying to react against stress signals and damage induced by glyphosate. Finally, in situ hybridization and Real-Time PCR analysis
showed the upregulation of estrogen receptor 𝛼 and vitellogenin gene expression, thus demonstrating the xenoestrogenic action of
glyphosate. The imbalance of the hormonal homeostasis could threaten the lizards’ reproductive fitness and survival, altering the
trophic cascade.

1. Introduction

During the last two decades, environmental pollution caused
by the intense use of herbicides is becoming an outstanding
problem that can affect human and animal health through
feeding [1, 2]. Recently, more attention has been paid
to the potential toxicity induced by glyphosate (Gly) (N-
[phosphonomethyl] glycine, C

3
H
8
NO
5
P) and its commercial

formulations [2, 3]. Glyphosate-based herbicides (GBHs) are
broad spectrum, nonselective, and nonsystemic herbicides
widely used in agricultural and nonagricultural systems [4].
In addition to their use as weed-control herbicides, GBHs
are also used as desiccants prior to harvest to accelerate
natural drying of seeds. Gly herbicidal action derives from the
inhibition of the enolpyruvylshikimate-3-phosphate synthase

(EPSPS), a key plant enzyme involved in the synthesis of aro-
matic amino acids essential for plants growth and for the acti-
vation of defence mechanisms in vegetal cells [5]. Since this
enzyme is absent in animals, it has long been assumed that
glyphosatewould not affect non-target species and, today, this
is a great matter of debate. Classified by the United States
Environmental Protection Agency (EPA) as “nontoxic and
not an irritant” and by the European Food Safety Authority
(EFSA) as “not carcinogenic to humans,”multiple lines of evi-
dence suggest that GBHs pose a serious health risk to wildlife
[6–15]. Over time, attention has been initially given to the Gly
or GBHs adverse effects on aquatic organisms; Gly-exposed
fish show hepatic damages, alterations in antioxidant enzyme
systems, interference with steroid hormones, and increased
level of plasma glucose and cortisol [7, 8]. Investigations on
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terrestrial nonmammalian vertebrates are scarce and mainly
related to GBHs. In amphibians, GBHs cause teratogenic
effects and developmental failures impacting both larval and
adult stages [3, 9, 10]. In reptiles, several studies demonstrate
a significant increase in DNA damage and alterations in
the immune parameters, in plasma proteins, and in growth
after exposure to GBHs [11–14]. High rates of crossed beaks,
keratin disorder, and morphophysiological alterations of the
male genital system have been also observed in GBHs-
exposed birds [15]. The association between exposures to
GBHs and health effects has been evaluated also in humans,
including carcinogenic potential [2, 16, 17]. However, many
studies reported controversial results on Gly effects, espe-
cially in humans [18]; in addition, most of them focused on
the toxicity of the commercial formulations of Gly, such as the
Roundup� (Monsanto), but the adjuvants or surfactants can
often enhance the Gly toxic effects [19].

The work described here aimed to elucidate the effect of
pure glyphosate on liver of terrestrial vertebrates, the organ
most involved in detoxification. The experimental model
was the Italian wall lizard Podarcis siculus, widely used as
model organism for ecotoxicological analysis concerning soil
contamination [20–22].

By using amultidisciplinary approach, we examined liver
morphology and the appearance or changes in biomarkers of
cell stress and injuries in lizards exposed by oral gavage to
two low doses of pure Gly. The xenoestrogenic effect of this
substance was also evaluated.

2. Materials and Methods

2.1. Animals and Experimental Design. Podarcis siculus spec-
imens were captured by noose or hand near Gragnano,
in a natural protect area of the Regional Park of Monti
Lattari (Campania, Italy) during the postreproductive period
(October). Only sexually mature specimens were considered
[23]; the biometrical features were as follows: males, snout
to vent length (SVL) of 69.3 ± 8 mm and 8.5 ± 1.2 g of
body weight (bw); females, SVL of 58.2 ± 6 mm, 7.8 ± 0.9
bw. The lizards were randomly assigned to three groups;
each group (n=10) was housed in its own terrarium (115
cm × 35 cm × 48 cm) that was covered with sand on the
bottom and contained hiding places, such as hollow bricks.
The three resulting terraria were maintained at 22 ± 2∘C
and exposed to the natural photoperiodic conditions. Live
mealworms were used to feed lizards, and water was accessed
freely. After 7 days of acclimatization, lizards of groups 1
and 2 were administered pure Gly at doses of 0.05 and 0.5
𝜇g/kg bw in 50 𝜇l tap water, respectively, via oral gavage
every other day for 3 weeks; animals of group 3 (control)
received by gavage the same doses of tap water. Animals were
exposed to pure Gly to exclude possible interference of the
adjuvants. These experimental doses correspond to 104x and
103x Acceptable Daily Intake (ADI), relative to the European
ADI in mammals [24]. They also correspond to aqueous
solutions of 0.1 and 1 𝜇g/L, respectively. Considering that Gly
is generally sprayed at the concentration of 3.6 g/L, the doses
used for this study should be considered low; it is conceivable

that wild animals such as lizards can ingest equal or greater
amounts of glyphosate.

At the end of treatments, animals were killed by decap-
itation after deep anaesthesia with ketamine hydrochloride
(Parke-Davis, Berlin, Germany), 325 𝜇g/g bw; livers were
immediately excised and processed for histological and
biomolecular analysis.

The experiments were carried out following the ethical
provisions established by the 2010/63/EU directive for animal
experiment and were approved by the Ethical Committee
for Animal Experiments, University of Naples Federico II
(ID: 2013/0096988), according to the Italian law. They were
organized to minimize stress and number of animals used.

2.2. Light Microscopy. Liver sections were obtained as previ-
ously described [22]. Some sectionswere stained formorpho-
logical analysis, and others were processed as reported below.

2.3.MelaninBleach and Lipofuscin-Sudan Black Staining. For
melanin detection in liver cells, dewaxed and rehydrated
sections were incubated in 0.3% potassium permanganate
solution containing 0.3% sulphuric acid for 2 h, according to
the procedure described by Sheehan andHrapchak [25]. Twin
sections for the bleach control were in distilled water until the
following step. Subsequently, all the sections were incubated
in 1% oxalic acid until colourless, washed in tap water, and
stained with ematoxylin-eosin.

Lipofuscin is an aggregate of oxidized proteins that
accumulates progressively in aged cells. Lipofuscin stain-
ing is considered a powerful biomarker of stress-induced
cellular senescence [26]. For lipofuscin revelation in lizard
hepatocytes, twin sections, dewaxed and rehydrated, were
treated o/n with Sudan Black B saturated solution in 70%
ethanol. The sections were then rinsed in 70% ethanol until
background became pale gray, washed in tap water, and
mounted using an aqueous mountant.

2.4. Periodic Acid-Schiff Staining with Diastase. Periodic
Acid-Schiff staining with Diastase was performed according
to the protocol described by Mazzi [27]. Rehydrated liver
slides were placed in 𝛼-amylase (diastase) solution (1%)
for 20 min. Amylase-treated slides were immersed in 0.5%
periodic acid for 10 min and then in Schiff ’s reagent for 15
min. Sections were washed in running lukewarm tap water
for 5–10 min in order to develop a pink colour and then
were counterstained in hematoxylin. Duplicate sections were
processed as described above but with omitting amylase
treatment.

2.5. Immunohistochemistry. For the immunostaining, liver
sections were dewaxed, rehydrated, and processed by using
the Novolink Max Polymer Detection System (Leica Biosys-
tems, Nussloch, Germany), as previously described [28]. The
antibodies used were as follows: anti-SOD1 (Thermo Fisher),
anti-GPx1 (Thermo Fisher), anti-p53 (Thermo Fisher), anti-
MT (Abcam), and anti-type IV collagen (SantaCruz Biotech-
nology), all diluted 1:200.



BioMed Research International 3

2.6. In Situ Hybridization. For in situ hybridization analysis,
cDNA fragments encoding ER𝛼, ER𝛽, and VTG were used
[22]. Dig-labeled cDNA probes were generated by PCR using
the DIG High Prime DNA labeling kit (Roche Diagnostics)
and used at a concentration of 80ng/100𝜇L, as previously
described [29]. ER𝛼, ER𝛽, and VTG immunolocalization
were performed only on livers frommale specimens, because
they are more sensitive to xenoestrogenic substances; in
addition, the use of males avoids the risk that the responses
are perturbed by circulating estrogens.

2.7. RNA Purification and cDNA Synthesis. Total RNA and
the following cDNA synthesis from each lizard liver were
performed as described [30].

2.8. Quantitative Real-Time PCR Analysis. The Real-Time
PCR reactions were carried out in triplicate for each sample,
as described [26]. Specific primers for P. siculus ER𝛼, ER𝛽,
and 𝛽-actin genes were designed as previously reported [22,
31]. Once again, ER𝛼 and ER𝛽 expression analyses were
performed only on livers from male specimens.

2.9. Statistical Analysis. Data are presented as mean ±
standard error of the mean (s.e.m.) from three separate
experiments of each sample. Statistical analyses were carried
out by GraphPad Prism 7 software. All the animals used
for this study were captured in the same site and the body
mass and SVL of male specimens used for the statistical
analysis were comparable. For these reasons, the differences
between the mean values were analysed by one-way analysis
of variance (ANOVA), followed by Fisher’s LSD test. The
differences were considered significant when p<0.05.

3. Results

3.1. Hematoxylin-Eosin and Mallory’s Trichrome. Hema-
toxylin-eosin stain allowed us to verify the general condition
of the liver and Mallory’s trichrome stain was used to show
the presence of connective tissue.

In untreated animals, the liver structure was regular,
intrahepatic blood vessels were normal, and bile ducts were
evident (Figure 1(a)). In the animals receiving lower Gly dose,
liver parenchyma was characterized by the presence of few
degranulation areas, whereas intrahepatic blood vessels and
bile ducts were regular (Figure 1(b)).

In the animals receiving the higher Gly dose, the liver
parenchyma appeared more damaged: large degranulation
areas (Figures 1(c) and 1(d)) and swelling of blood vessels and
bile ducts (Figures 1(e) and 1(f)) were evident. Nodular/cystic
formations consisting of abundant connective fiberswere also
present in the hepatic tissue (Figures 1(g) and 1(h)).

3.2. Pigment Composition. To assess the composition of pale
brown granules found in Gly-treated livers, melanin blanch
and lipofuscin-Sudan Black staining were carried out.

Melanin blanch reaction caused the blanching of almost
all granules in the treated samples (Figures 2(a) and 2(c));

however few spots were yet evident (Figure 2(c)). In non-
bleach control twin sections, obtained by omitting incubation
with potassium permanganate, degranulation areas were still
evident (Figures 2(b) and 2(d)).

Sudan Black stained sections showed that in the liver
of Gly-treated animals, small spot granules were markedly
Sudanophilic (Figures 2(f) and 2(g)); no colour appeared in
untreated animals (Figure 2(e)).

3.3. Periodic Acid-Schiff (PAS) and PAS with Diastase. PAS
stain of liver sections showed an increase of polysaccharides
in treated samples (Figure 3). In particular, the PAS-D stain
(i.e., PAS reaction with predigestion of glycogen with the
enzyme diastase) demonstrated an increase in liver glycogen
in all Gly-treated samples (Figures 3(c) and 3(d)), no matter
the dose (Figure 3).

3.4. Gly Effects on SOD1, GPx1, p53, MT, and Type IV
Collagen Localization. Immunohistochemical analyses with
SOD1, GPx1, p53, MT, and type IV collagen antibodies were
performed to evaluate the ability of Gly to induce oxidative
stress and cellular responses.

In untreated lizards, SOD1 and GPx1 were mainly
detected in the hepatocytes cytoplasm (Figures 4(a) and 4(c)).
In the liver of Gly-treated lizards, both SOD1 (Figure 4(b))
and GPx1 (Figure 4(d)) were present also in nuclei.

Regarding p53, no immunohistochemical signal was
present in the control animals (Figure 4(e)); after Gly treat-
ments the p53 protein was detected in the Kupffer cells and in
some hepatocytes nuclei (Figure 4(f)).

In control livers, MT immunolocalization demonstrated
the presence of this protein mostly in Kupffer cells, as
previously described [32] (Figure 5(a)). In Gly-treated livers,
MT was also synthesized in the cytoplasm of some clusters of
hepatocytes (Figure 5(b)).

3.5. ER𝛼, ER𝛽, and VTG mRNA Expression in Liver. A pos-
sible estrogen-like action of glyphosate in the two different
experimental conditions was evaluated, assaying ER𝛼, ER𝛽,
and VTG mRNA presence/abundance in male lizard liver by
using in situ hybridization and Real-Time PCR analyses.

In the liver of control animals, no positivity to ER𝛼
(Figure 6(a)) or VTG (Figure 6(e)) was evident, whereas
ER𝛽 transcripts were detected in males (Figure 6(c)), as
expected [31]. In Gly-treated animals, liver sections showed
the presence of both ER𝛼 (Figure 6(b)) andVTG (Figure 6(f))
transcripts, together with ER𝛽 mRNA, being always evident
(Figure 6(d)), no matter the Gly dose.

No signal was observed in negative control sections
incubated by omitting ER𝛼, ER𝛽, or VTG cDNA probes
(Figure 6(D’)).

The changes in ER𝛼 and ER𝛽 presence after Gly treat-
ments prompted us to investigate the ERs expression levels
in male liver by means of Real-Time PCR analysis. Results
demonstrated the presence of a low quantity of ER𝛼 tran-
scripts in control livers, below the detection limit of the in
situ analysis, and confirmed the increase of these transcripts
in treated animals (about 1-fold), no matter the Gly dose.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 1: Morphological condition of liver. (a) Untreated lizard. (b) Lizards exposed to 0.05 𝜇g/kg Gly. (c–h) Lizards exposed to 0.5 𝜇g/kg
Gly. Bile ducts (↑); degranulation areas (h); blood vessel (∗); nodular/fibrotic structures (󳶣). (a, b, e, f, h) Mallory’s trichrome; (c, d, g)
hematoxylin-eosin.The bar is 30 𝜇m.
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(a) (b)

(c) (d)

(e) (f) (g)

Figure 2: Melanin blanch and lipofuscin-Sudan black stain in liver. (a–d) Melanin blanch: in liver of 0.05 𝜇g/kg bw (a) and 0.5 𝜇g/kg bw (c)
Gly-treated lizards the blanching of almost all granules is evident; in reaction control (b, d) the degranulation areas (h) are evident. (e–g)
lipofuscin-Sudan.
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(a) (b)

(c) (d)

Figure 3: Periodic Acid-Schiff (PAS) and PAS with Diastase (PAS-D) stains in liver. (a, b) untreated animals: (a) PAS, (b) PAS-D. (c, d)
Gly-treated lizards: (c) PAS, (d) PAS-D. Polysaccharides increase is evident in liver sections from lizards exposed to 0.05 𝜇g/kg bw Gly (c)
with respect to untreated liver (a). A reduced staining is observed after diastase treatment ((b), untreated liver; (d), 0.05 𝜇g/kg bw Gly-treated
liver). The staining does not change in liver sections from higher dose Gly-treated lizards (data not shown). The bar is 30 𝜇m.

Conversely, ER𝛽 expression level was downregulated (of
about 3-fold) in the animals treated with the lower Gly dose
and upregulated (0.8-fold) following the 0.5 𝜇g/kg Gly dose
administration (Figure 7).

4. Discussion

The present study provides a further understanding of
possible mechanisms of Gly toxicity in the liver, the first
detoxification organ, particularly sensitive to dietary pol-
lutants. Although a plethora of studies warned about the

risks associated with the use of glyphosate or GBHs, whether
the exposure to this herbicide causes health diseases to
humans or animals is still a matter of debate [2, 33, 34].
Meantime, many countries allow Gly use to control invasive
plant species; the European Commission in November 2017
authorised the Gly use for another 5 years.

The results described here provide first evidence of
hepatic toxic effect of pure Gly on a terrestrial reptile.
Indeed, previous investigations on reptiles focused only on
GBH effects, mainly on marine and freshwater turtles [11,
35], embryos [12, 36], or adult immune system [13, 14].
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(a) (b)

(c) (d)

(e) (f)

Figure 4: SOD1, GPx1, and p53 localization in lizard liver. SOD1 (a, b) andGPx1 (c, d) localization. In untreated lizards SOD1 (a) andGPx1 (c)
are present in hepatocytes cytoplasm; in 0.05 𝜇g/kg bwGly-treated lizards, SOD1 (b) andGPx1 (d) are detectable in the hepatocytes nuclei (↑)
as well as in the cytoplasm. (e, f) p53 detection.Theprotein is absent in untreated animals (e) and detectable in the Kupffer cells (dotted arrow)
of 0.05 𝜇g/kg bw Gly-treated lizards (f). (D’): negative control of reaction. Proteins localization does not change in 0.5 𝜇g/kg bw Gly-treated
lizards (data not shown). The bar is 30 𝜇m.
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(a) (b)

(c) (d)

Figure 5:MT and type IV collagen localization in lizard liver. (a, b)MT localization: in untreated animals (a) the protein is evident in Kupffer
cells (↑); in 0.5 𝜇g/kg bw Gly-treated animals (b), MT is evident in the cytoplasm of some clusters of hepatocytes. (c, d) Type IV collagen
detection: in untreated animals (c) slight positivity is evident in the liver; in 0.5 𝜇g/kg bw Gly-treated animals, nodular/fibrotic structures are
strongly positive to the antibody (󳶣). (B’): control of reaction. Proteins localization does not change in 0.05 𝜇g/kg bwGly-treated lizards (data
not shown). The bar is 30 𝜇m.

Our data demonstrate that pure Gly administered orally
is toxic and exerts a xenoestrogenic action in the liver of
Podarcis siculus even at doses that can be considered low
if compared to the Gly working solution generally used.
In particular, a generalized increase in hepatic glycogen is
observed, regardless of the dose, and degranulation areas
constituted mostly by melanin and lipofuscin are present.
An increase in degranulation areas and the swelling of blood
vessels and bile ducts are evident in the lizards treated with
the slightly higher Gly dose. Noteworthy, the presence of
nodular/cystic formations made by connective tissue is also
detected within the hepatic tissue following the treatment
with the higher Gly dose. These formations could testify the

onset of liver fibrosis, since they consist of abundant type IV
collagen, one of the major markers of this disease [37].

All together, these results demonstrate a serious hepatic
suffering and are in agreement with those retrieved by studies
carried out in fish [38–40]. However, the results achieved in P.
siculus liver are sex-independent, whereas in the fish Poecilia
reticulata theGly-induced hepatic diseases aremore common
in males [41].

Degranulation areas and lipofuscin depots could be
ascribed to Gly-induced oxidative stress in liver, considering
that the presence of melanin represents a cellular response to
remove the free radicals [42]. Indeed, it is known that many
environmental pollutants induce the formation of reactive
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(a) (b)

(c) (d)

(e) (f)

Figure 6: ER𝛼, ER𝛽, and VTG mRNA localization in male liver. (a, c, e) untreated lizards: neither ER𝛼 (a) nor VTG (e) transcripts are
detectable; ER𝛽mRNA (c) is evident in the hepatocytes. (b, d, f) 0.05 𝜇g/kg bw Gly-treated lizards: ER𝛼 (b), ER𝛽 (d), and VTG (f) mRNAs
are evident in the liver samples. (D’): control of reaction. mRNA localization does not change in lizards treated with 0.5 𝜇g/kg bw Gly (data
not shown). The bar is 30 𝜇m.
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Figure 7: Effects of Gly exposure on ER𝛼 and ER𝛽 expression inmale lizard liver.The ER𝛼 and ER𝛽mRNAs expression inGly-treated lizards,
determined by Real-Time PCR analysis, was normalized to that of 𝛽-actinmRNA and converted in fold change, compared with the untreated
control lizards. The data represent the mean ± s.e.m. from three separate experiments of each sample. Significance of differences is shown.
∗p<0.05.

oxygen species in cells; it has been demonstrated that Gly and
GBHs also give rise to cell stress in fishes and amphibians
[8, 43, 44]. In cells, the harmful effects of free radicals are
balanced by the activity of antioxidant enzymes such as
SOD1 and GPx1, together with the action of nonenzymatic
antioxidants such as metallothioneins, small, cysteine-rich,
heavy metal-binding proteins that are able to protect cells
from oxidative stress [45, 46].

In this frame, interestingly enough are the changes
observed in the cellular localization of antioxidant enzymes
in liver of Gly-treated lizards. In particular, the nuclear local-
ization of GPx-1 in Gly-treated hepatocytes might facilitate
the antioxidant functions of this enzyme, as proposed for
hepatic cancer cells [47]; also, the presence of nuclear SOD1
in these cells might be ascribed to its function as a guardian
of the genome by scavenging superoxides generated into or
near the nucleus [48].

Following Gly administration, it is possible to observe
clusters of hepatocytes synthesizing MT, thus demonstrating
that Gly induces a cellular response, which includes the
nonenzymatic antioxidants pathway. These data are in agree-
ment with those observed in rats, where the histopathological
changes engendered by the herbicide ameliorated when the
glyphosate exposure was preceded by a zinc supplemen-
tation, which was able to induce a massive MT synthesis
[49].

Moreover, the liver fighting against stress signals induced
by Gly is also demonstrated by the activation of p53 in
Kupffer cells. These cells are specialized macrophages located
in the liver and are considered critical mediators of both liver
injury and repair [50]; the increase in p53 following Gly-
induced stress signals could determine cell fate by specifically
regulating cell cycle arrest, DNA repair, and apoptosis [51].

Finally, our data show that Gly exhibits a clear estro-
genic activity, even at the low concentrations tested in this

study. Indeed, males treated with Gly display the hepatic
biosynthetic alterations typical of an estrogenic contamina-
tion, such as the transcription of both VTG and ER𝛼 gene in
the liver. VTG is a liver protein synthesized under estrogen
stimulation only in females of oviparous vertebrates during
the reproductive period. Being induced by estrogen, VTG is
widely recognized as a biomarker of xenoestrogenic pollu-
tion; in P. siculus,VTG transcription is strictly dependent on
the ER𝛼 presence and this allowed the consideration of ER𝛼
also being a good indicator of environmental pollution in this
species [22, 31, 52]. After Gly treatment, the ER𝛼 and ER𝛽
expression patterns are different. ER𝛼 expression significantly
increases following both Gly-treatments, whereas ER𝛽 tran-
scription is downregulated at lower Gly dose and upregulated
of about 0.8-fold at higher dose. The ER-mediated action
of Gly was demonstrated, in vitro, in human breast cancer
cells, in which ERE transcription activity induced by Gly
was inhibited by ICI 182780, an estrogen antagonist [53].
Therefore, the ability of Gly to switch on VTG and ER𝛼 genes
transcription leads us to conclude that this herbicide holds
a xenoestrogenic activity exerting the stimulatory effects via
the ER-dependent pathway, interfering with the physiological
estrogenic signalling. Since the possible mechanism of Gly-
ERs interaction is still unknown, it could be hypothesized
that Gly stimulates an indirect estrogenic activation pathway
that leads, as a last step, to the activation of the estrogens
responsive genes; however, this hypothesis needs to be further
investigated.

It is also reported that nuclear SOD1 interacts with
ER𝛼, and this association seems to be required for effective
activation of estrogen-responsive genes [54]. Then, in the
light of what has been observed in lizard liver, it is possible
to hypothesize that Gly determines the translocation of SOD1
in the nucleus that, in turn, elicits the activation of the genes
responsive to the estrogens, such as VTG.
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In conclusion, the overview of the results described here
indicates that the oral administration of pure Gly at very
low doses is able to induce hepatotoxic and estrogen-like
action in the lizard P. siculus. Histological and biomolecular
analysis showed a severe scenario of the hepatic condition,
which degenerates until the appearance of fibrotic formations
and the induction of strictly estrogen-dependent molecules.
Nevertheless, the liver cells try to fend boosting up their
defence mechanism alerting both enzymatic and nonenzy-
matic oxidative stress systems. In our opinion, the results
we have documented are biologically relevant and could
indicate endangering to the viability and survival of lizard
populations, thus threatening plants and insects through the
imbalance of the trophic cascade.Glyphosate is highly soluble
in water and moderately persistent in the soil; it cannot be
excluded that the lizards in their natural habitat come into
contact with contaminated water and food. Further research
is needed to measure potential genotoxic and reproductive
impacts of glyphosate exposure on these reptiles; meanwhile,
a drastic drop in the use of glyphosate would be desirable
which, through the food chain, might bring serious risk for
wildlife.
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