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he field lizard Podarcis siculus

The loss of pristine terrestrial habitats due to the rapid and
tinuous urbanization is the primary threat to wildlife
vival. Among animals, arthropods are particularly endan-
ed, but also many vertebrate species are threatened [1]. It
stimated that human activities such as unsustainable

iculture and industrialization, causing habitat destruction

and water and soil pollution, are the main causes of the
decline of Amphibians [2,3]. In such a scenario, the survival of
more adaptive species is less compromised. An example is
given by the field lizard Podarcis siculus (Fig. 1), the most
abundant reptile in Italy, widespread in all the country, with
the exception of the Alps (Fig. 2).

This species has been also introduced into a number of
locations elsewhere in the Mediterranean region (Portugal,
Spain, France, Montenegro, Croatia, Turkey, Libya, Tunisia) [4].

P. siculus specimens are quite small (20–25 cm total
length, 8–10 g body weight), ubiquitously inhabiting
pristine areas, cultivated fields and city parks. They feed
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A B S T R A C T

The terrestrial lizard Podarcis siculus is the most abundant reptile in Italy, where is

considered a ubiquitous species. This lizard is widely distributed from the islands to the

Apennines, from cultivated fields to anthropized areas such as gardens and city parks. For

this reason, these animals are exposed to extensive physical and chemical stresses, as well

as to the possibility of coming into contact with industrial pollutants and substances used

in agricultural practices. Here, we review the health status of lizard specimens inhabiting

natural non-anthropized areas and fields devoted to organic farming, considering the

condition of (1) liver, representing the main detoxifying organ, directly influenced by

feeding, and (2) gonads, essential for reproduction and, therefore, for the survival of the

species. The morphological and biomolecular condition of these organs was then

compared with those obtained from lizard specimens experimentally treated with

nonylphenol, a co-formulant of many insecticides and plant protection products widely

used in conventional farming, known to have harmful estrogenic effects. Taken together,

data demonstrate that lizards inhabiting manured soil are in good health status and show

a regular morphology of liver, testis, and ovary. Animals are found to be less exposed to the

toxic heavy metals cadmium and lead if compared with specimens collected in areas not

devoted to agriculture, but probably more exposed to vehicular traffic. However, manure,

as well as nonylphenol, exerts a xeno-estrogenic effect, particularly evident in male

specimens, more sensitive to estrogenic contamination.
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mainly on insect larvae and adults and worms, occasion-
ally on fruits and vegetables. It is an oviparous species
characterized by an annual reproductive cycle. After a
period of semi-hibernation, in early spring the animals
leave their winter shelters and start eating. Gonads and
reproductive tracts become active and start growing. In the
female, the massive hepatic synthesis of vitellogenin (VTG)
begins and egg deposition takes place from May to June; 4–
8 eggs are spawned in clutches and 2 or 3 clutches may
occur during spawning [5].

The male genital apparatus shows a seasonal rhythm in
reproductive function, divisible into different phases:

spring–half summer (April–June) reproductive phase,
summer stasis (July–August), autumnal resumption (Sep-
tember–November), winter stasis (December–February),
spring resumption (March–April). Stasis is the period of
refractory or blocked testicular activity; resumption is the
period in which spermatogenesis renewal occurs. During
summer and winter, stasis seminiferous tubules are
composed of spermatogonia and Sertoli cells only; in the
autumnal resumption, tubules are composed of spermato-
gonia, spermatocytes, spermatids and a few spermatozoa
not released into the lumen. The testis of the reproductive
period shows tubules consisting of germ cells in all the

Fig. 1. Podarcis siculus specimens during a mating ritual.

Fig. 2. Geographical distribution of Podarcis siculus lizard in Italy.
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erentiating stages with numerous spermatozoa, ready
e ejaculated [6–8].

Habitat and diet adaptability make it a competitive and
cessful lizard, not currently considered in the Italian red

 of threatened species (IUNC) [9]. However, evidence exists
adverse effects on the health status and reproductive
ess of these animals as a result of food, water, and soil
lution [10–18]. It has been also demonstrated that lizard
bryos, albeit developing in cleidoic eggs, i.e. enclosed eggs
t protect and nourish embryos, are affected by the
sence in the incubation soil of pollutants, such as heavy
tals and pesticides [19–24]. Also, physical stress such as a
rp change in temperature can alter the correct lizard
elopment [25,26].

nvironmental pollutants and P. siculus health status

In the last past years, our researches aimed to evaluate
 adverse effects of food and soil pollution on P. siculus

lth status and reproductive fitness. We demonstrated
t cadmium (Cd) exerts toxic effects both in adults and in
bryos: in the former, the morphology of the liver and
ads is altered, leading to the impairment of reproduc-

 in females [11,12]; in the latter, the in ovo Cd-
osure, obtained incubating eggs in a Cd-contaminated
, induces malformations in encephalic vesicles [22–24]

 dysregulation of embryonic gene expression [21].
More recently, we investigated the potential toxicity of
ylphenol (NP) on P. siculus specimens. This chemical
duct is an endocrine disruptor widely distributed in the
ironment. NP is used in many industries as a surfactant;
s present as co-formulant of pesticides and biocidal
ducts used in conventional farming. It accumulates in

 lipids of living organisms entering the food chain and
s as an estrogenic compound being able to mimic the
ion of oestradiol 17b (E2) by binding to the oestrogen
eptors (ERs) [27,28].
Collected data demonstrate that an experimentally NP-
luted diet is able to affect liver and gonad conditions of
ually mature P. siculus specimens. First of all, we

onstrated the xeno-estrogenic activity of NP also in
se animals; indeed, NP induces the VTG synthesis in
le liver [27]. The protein, undetectable in untreated
les, reaches the value of about 4 mg/ml in the plasma of

 experimental ones. The NP-polluted diet also elicits the
ression in the liver of ERa, the ER isoform known to be
ted to VTG synthesis in Podarcis females [29].

Always in male lizards, NP-polluted food and water
inistered during the mating period cause a slowdown

permatogenesis and affects the testicular and epididy-
l structure, bringing it back to the typical morphology of

 non-reproductive period [14]. In these animals, NP
tment also changes the distribution in the testis and

didymis of mRNA for the oestrogen receptors a (ERa)
 b (ERb) and the androgen receptor (AR): the
ression of the ERa, ERb, and AR genes is down-
ulated in spermatogonia and primary spermatocytes,
 ERa gene is up-regulated in epididymis, thus causing a
tch-off of the secretory activity of the epididymal
pus [14].

In Podarcis females, the oestrogenic activity of NP seems
to be negligible, at least under the conditions experimen-
ted in these studies (unpublished data).

Also, environmental exposure to other chemicals
used in intensive crop production, such as the fungicide
methyl thiophanate, affects P. siculus welfare. Cells from
exposed lizard show clear signs of genomic damage;
changes in corticosterone and catecholamines plasma
levels, alterations in adrenal gland morphology, such as
hypertrophy of the steroidogenic tissue, enlargement of
blood capillaries, lymphocyte and macrophage infiltra-
tions are also evident [13]. More recently, a study
performed with the insecticides imidacloprid, a neoni-
cotinoid belonging to a new class of highly effective and
widely used insecticides for crop protection, demon-
strated that P. siculus lizards environmentally exposed to
this substance showed dose-dependent changes in
testicular architecture, increased apoptotic processes
and decreased levels of sex hormones and steroid
receptor mRNAs [30].

3. Organic farming and P. siculus health status

The growing concerns on the effects of chemical
fertilizers and pesticides to wildlife, human health, and
environmental impact led in recent years to a sharp
increase in the agricultural practices of organic crops, that
allow the use of many natural derivates as fertilizers and
plant protection products. Among fertilizers, manure,
consisting of a mixture of cow and chicken dung, straw
and plant litter, is the soil amendment most used in
organic farming.

However, manure may contain residues of hormonal
substances and/or their metabolites [31,32], thus display-
ing oestrogen-like activity and ability to activate steroid
receptors in animals [32,33]. Indeed, vertebrates excrete
conjugated or free steroid hormones that may interfere
with the endocrine system, affecting the reproduction and
development in wildlife [34]. It has been demonstrated
that metabolites of steroid hormones persist in manure for
several months [35]; conjugated and biologically inactive
forms can be converted into free steroids by soil
microorganisms [36]. In addition, manure may contain
residues of drugs (antibiotics, cortisone) used in animal
husbandry and/or pollutants bioaccumulated in plants,
such as heavy metals [37].

The amount of studies regarding the potential adverse
effects of manure on terrestrial vertebrates is very scarce.
So, considering the increasing shift towards organic
farming and manure use as soil amending, we decided
to investigate if manure application could adversely affect
lizard populations. We captured P. siculus adult specimens
in two organic farms (certified by the Italian Inspectorate
for the Protection of Quality and Fraud Prevention of Agri-
Food Products) located in the neighbourhood of Sorrento
(southern Italy); both farms were of wide extent, well
isolated from non-organic crops, and used as fertilizer the
manure of animals (cows, sheep, horses, pigs and chicken)
bred in the same farms. In these animals, we examined the
morphological condition of liver, the main detoxifying
organ in vertebrates, and, to ascertain a possible
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xeno-estrogenic effect of manured soil, we determined in
male livers the presence of VTG and ERa, typical
biomarkers of estrogenic contamination. In addition, on
the same tissue, the concentration of Cd and lead (Pb) ions
was evaluated, together with the expression of the
metallothionein (MT), the principal biomarker of heavy
metal contamination, also known to be a good scavenger of
reactive oxygen species [10,38,39].

To detect possible impacts on reproductive fitness, we also
paid attention to gonad conditions in both males and females.

All data were compared with those obtained from
lizards treated with nonylphenol, as a positive control
of oestrogenic contamination, and with those retrieved
from lizards caught in pristine, uncultivated sites,
representing the wild specimens on which many
studies on P. siculus were performed and that never
showed signs of oestrogenic contamination (referred to
as controls).

4. Liver condition

4.1. Morphology

The liver of P. siculus shows the typical hepatic
architecture consisting of cords of hepatocytes radiating
from the central vein toward the periphery; liver sinusoids
occupy the spaces between cords.

In control lizards living in uncultivated habitats, the
morphological characteristics of liver parenchyma were
mostly normal; hepatocytes showed a round, well-defined
nucleus containing a single nucleolus and a dense
cytoplasm, marginally vacuolated. Livers of lizards
inhabiting manured soils showed essentially the same
histological conditions, whereas livers of lizards fed with
NP-polluted water and food appeared more suffering,
hepatocytes showed a more vacuolated cytoplasm, many
pyknotic nuclei were also present (Fig. 3).

4.2. Cadmium, lead and metallothionein content

Heavy metal contamination has been increased due to
the anthropogenic activities; atmospheric fall-out, pesti-
cides, fertilizers and irrigation with water of poor quality
are some of the causes of soil contamination with metals
[40]. Lead contamination comes from mining and smelting,
burning of gasoline, municipal sewage and paints, while
cadmium comes from metal smelting and refining, fossil
fuel burning or application of phosphate fertilizers
[41,42]. These metals cannot be destroyed biologically
but are only transformed from one oxidation state or
organic complex to another.

Cadmium and lead accumulation in liver is typical of
terrestrial vertebrates inhabiting soils contaminated by
anthropogenic activities. Biomonitoring of heavy metal
pollution can be performed measuring the metal concen-
trations in animal body fluids and organs [43]; more often,
it is preferred to determine the metallothionein (MT)
contents in the liver and the kidney, as specific biomarkers
of heavy metal pollution [44]. Indeed, MTs are proteins rich
in the amino acid cysteine and consequently exhibit a high
affinity for soft, polarisable metal cations. Metal-induced
expression and synthesis of MT causes this protein to play
a predominant role in the regulation of essential metals
(Cu, Zn) and in the sequestration and detoxification of non-
essential metals (Cd, Pb) in a wide variety of animals. MTs
have become of great interest for assessing pollution in
both aquatic and terrestrial environments and today they
are the most powerful biomarkers of metal exposure in
animals [45–47]. In the latter, the absorbed metals are
accumulated mostly in the liver and excreted primarily in
urine and in faeces [48]; therefore, this could lead to an
unwanted accumulation of metals in the manure used in
organic farms.

The soils of the two organic farms from which the
lizards came from showed a very low content of heavy
metals (Cd < 0.4 mg/kg; Pb < 55 mg/kg); they also showed

Fig. 3. Haematoxylin-eosin stained P. siculus liver sections. Livers from control lizards (C) and from individuals dwelling in organic farming soils (A) show a

similar morphology. In NP-contaminated lizards (B) hepatocytes cytoplasm is vacuolated and some pyknotic nuclei, typical of cells undergoing apoptosis,
are evident (arrow). Magnification: 20 � .
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w level of phenols (<0.010 mg/kg), a value that certifies
t chemical fertilizers and pesticides are not used in the

 farms.
As a consequence of this weak metal content in the
s, we determined a low accumulation of the same
tals in the livers of animals inhabiting these areas. The
ues reported in Table 1 show that the Cd and Pb levels
re higher in livers from specimens referred to as control
up, living in uncultivated areas, probably more exposed
ehicular traffic and illegal waste dumping.

Real-time PCR analysis performed to measure the
ount of MT transcripts in livers confirmed the data
ained from metal determination: MT expression was
-fold higher in livers of control lizards (Fig. 4). It is
wn that MT genes can be induced by stress factors
er than metals, such as inflammation and oxidative
ss [50]. Hence, this analysis reinforces the morpholog-

 observations, and it can be stated that livers of animals
abiting manured fields seem to be in good health
dition.

4.3. Estrogenic effect

To ascertain a possible estrogenic effect of manure, we
searched for the typical hepatic biosynthetic alteration
indicative of this hormonal signalling, i.e. the presence in
male hepatocytes of detectable amounts of both VTG and
ERa transcripts. In situ hybridization analysis on liver
sections from P. siculus males captured in the two organic
farms showed the presence of transcripts for both VTG and
ERa in the cytoplasm of hepatocytes, as previously
detected in the livers of NP-treated males (Fig. 5). Sections
of livers from control males remained unlabelled (Fig. 5).

So, while, on the one hand, organic farming avoids soil
contamination by chemicals and heavy metals, on the
other hand, the use of manure as fertilizer may lead to an
accumulation in soils of natural steroids and/or EDC that
may affect the reproductive processes.

It has been demonstrated that the activation of
oestrogen signalling in male vertebrates can lead to
detrimental effects on spermatogenesis and fertility
parameters [14,51]. VTG expression in oviparous males
has been also interpreted as a warning of reproductive
adverse consequences [52].

5. Ovary and testis condition

5.1. Ovary morphology

The ovary of P. siculus has a cluster shape, with
protruding follicles. In early spring, follicles resume their
growth, and several oocytes become increasingly yolky.
The ovarian follicle is composed of a central oocyte
surrounded by a bi-layered, acellular membrane, the zona
pellucida, which is bounded by the follicular epithelium.

le 1

mium and lead contents in livers of P. siculus.

ard group Metal content in liver

Cadmium (ng/g

wet tissue)

Lead (ng/g wet

tissue)

ntrol 300 � 50 60 � 10

ganic farming 70 � 15a 30 � 7a

 metal content was determined by Atomic Absorption Spectrometry

HNO3-digested liver slices [49]. Fifteen livers per groups were

ysed. The values are expressed as mean SD

p < 0.05.

4. Real-time PCR analysis of MT expression in liver from two different lizard populations. MT mRNA level was normalized to that of b-actin mRNA and
erted in fold change, compared with the control lizards. Data represent the mean � s.e.m. * = p < 0.05.
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Follicular growth involves not only the growth and
maturation of the oocyte, together with the storage of
large quantities of yolk in the ooplasm, but also
morphological and functional changes in the follicular
epithelium [53]. In primary follicles (<150 mm in diame-
ter), the epithelium is composed of a single layer of small
stem cells; in mid-previtellogenesis (<1500 mm in follicle
diameter), the epithelium becomes multi-layered, and
small and pyriform cells are recognizable; during late
previtellogenesis (>2000 mm in diameter), cells regress via
apoptosis [54] and follicular epithelium gradually restores
the monomorphic monolayered condition in which the
small cells persist as unique components of epithelium
until ovulation [53]. Surrounding the ovarian follicle there

is the theca, composed of connective tissue, blood vessels,
and secretory cells.

As shown in Fig. 6, ovaries of all the three different
lizard populations (from uncultivated areas, from manured
soils and NP-polluted) showed the expected morphology,
consistent with the phase of the reproductive cycle
examined. Once again, the ovary proves to be a structure
less sensitive to xeno-estrogenic substances, which, at
least under the conditions tested in this study, fail to
disrupt the natural hormonal cycle in this organ. Note-
worthy, remarkable oestrogen amounts are present in the
blood during all the oocyte growth period [55]; the
incidence of this additional oestrogenic stimulation might
be very poor.

Fig. 5. VTG and ERa expression in the liver of P. siculus. Sections were incubated with DIG-probes to detect VTG- and ERa-mRNA. The brown hybridization

signal was always absent in the liver of males collected on uncultivated areas (control). The signal was evident for both probes on liver sections of males

treated with NP-polluted food or dwelling in organic farming soils. Magnification: 20 � .

Fig. 6. Histology of the ovary of P. siculus. Previtellogenic (A) and vitellogenic (B) follicles of control lizards. Note in B the yolk droplets (in red) filling the

oocyte cytoplasm. (C) Mid-previtellogenic follicles of lizards from agricultural manured soils. (D) Mid-previtellogenic follicles of NP-polluted lizards. Note

in C and D the small (arrow) and pyriform cells (arrowhead) surrounding growing oocytes. Staining: Mallory’s trichrome; magnification: (A) 4 � (B, D)
10 � (C) 20 � .



5.2.

stai
ger
in 

pop
sem
ord
bas
pro

Fig. 

Orga

to th

evid

Fig. 

from

soils

som

M. Verderame, R. Scudiero / C. R. Biologies 342 (2019) 81–89 87
 Testis morphology

Testes of control males stained with Mallory’s trichrome
ning showed the seminiferous epithelium filled with all
m cells from spermatogonia to spermatozoa, as expected
the spring resumption period (Fig. 7). In the lizard
ulation inhabiting soils devoted to organic farming,
iniferous tubules showed the same morphology, with

inated layers of germ cells from spermatogonia (at the
ement membrane) to spermatids and spermatozoa
truding toward the narrow lumen (Fig. 7). In the

animals exposed to the NP-polluted diet, testes showed an
altered morphology: the lumen of the tubules was wide, the
seminiferous epithelium was reduced in thickness and
several empty spaces were evident (Fig. 7), likely due to a
decrease in the amount of the germ cells, albeit all stages of
their differentiation were detectable.

5.3. Oestrogenic effect

As described above, VTG synthesis occurs naturally in
the liver of oviparous females; following oestrogenic

7. Histology of the testis of P. siculus in the spring resumption period. Control: all stages of spermatogenesis are evident in the seminiferous epithelium.

nic farming: testis condition is similar to control, with all the differentiating stages of germ cells organized from the basal membrane (spermatogonia)

e lumen (spermatids and spermatozoa); note the narrow lumen of the tubule. NP-treated: in the thin seminiferous epithelium, empty spaces are

ent; the lumen and interstitial spaces of the tubule are enlarged. Magnification: 20 � .

8. In situ hybridization on sections of testes of P. siculus, incubated with the DIG-probe to detect VTG-mRNA. The brown hybridization signal was absent

 the testes of wildlife males collected in uncultivated, rural areas (control). In the samples treated with NP-polluted food or dwelling in organic farming

, the signal was evident in the cytoplasm of all the germinal cells of the seminiferous epithelium, from spermatogonia to spermatozoa, as well as in
atic cells. Magnification: 10 � .
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contamination, VTG transcript and protein appear also in
males, typically in the liver. However, evidence exists on
the oestrogen-dependent, extrahepatic synthesis of VTG in
organs other than liver [56]. In particular, it has been
demonstrated that, in males of P. siculus, oestrogen
contamination induces VTG expression and synthesis in
testis and epididymis [56]. In situ hybridization analysis on
testis sections from the three different lizard populations
considered in this research reinforces the result obtained
on the liver, indeed both manure fertilized soil and
nonylphenol show a strong oestrogenic effect also on
the testis, determining the transcription of the VTG gene in
somatic cells (Sertoli and Leydig cells) and in all the
differentiating stages of germ cells (Fig. 8). Noteworthy,
the testis of the animals collected on organic farming soils
appears morphologically in good conditions; therefore, the
presence of VTG, demonstrated also at the protein level
[56], does not seem to impair the correct maturation of
male germ cells. However, the function, if any, of VTG in
the testis is still a matter of debate. The failure to detect
transcripts for the VTG receptors in testis under natural or
oestrogenic conditions [56] suggests that the testicular
VTG detected in these animals derives entirely from the
biosynthetic locally oestrogen-activated process and that,
most likely, VTG does not represent a functional protein in
this organ.

6. Concluding remarks

The data summarized herein highlight that the P. siculus

population inhabiting organic farm areas shows typical
hepatic biosynthetic alterations indicative of an estrogenic
contamination, easily demonstrable in male specimens.
Male hepatocytes, in fact, contain detectable amounts of
both VTG and ERa transcripts and proteins; in addition, in
the same specimens, a testicular synthesis of VTG was also
detected, in both somatic and germ cells. These oestrogen-
related changes in gene expression were also observed in
lizards receiving a nonylphenol-polluted diet; however,
the morphological condition of liver and testis in the two
lizard populations was very different: samples from NP-
treated males resulted seriously impaired, whereas the
conditions of the samples from organic farms areas
resembled those of natural wildlife populations. Consider-
ing also the low level of Cd and Pb ions and of the
metallothionein, a protein induced by metals, inflamma-
tion and oxidative stress, we can assume that the animals
living on the soil fertilized with manure are healthy.

On the other hand, having ascertained the oestrogenic
effect of manure in lizards, it cannot be ruled out that the
prolonged use of manure as a fertilizer may affect
reproductive processes. The accumulation in soils of
natural steroids and/or EDC could lead to changes in the
spermatogenic cycle of these animals, endangering their
reproduction and survival. In addition, a continuous
increased amount of oestrogen plasma levels could have
adverse effects also in female specimens. In this regard, it
has been demonstrated that exogenous oestradiol increa-
ses shell thickness in laying hens [57]. Yolk steroids of
maternal origin may also influence sex determination and

[58,59]. So, it is conceivable that a prolonged intake of
exogenous oestrogens could affect the embryonic devel-
opment, the offspring, and the reproductive cycle of
P. siculus.

In conclusion, although less harmful than intensive
farming, organic farming should focus more on crop
rotation and encourage the biological cycles and the
biological activity of soils rather than the massive use of
manure as a fertilizer. It is also important to monitor the
amount of oestrogen derivatives in manure to avoid
possible undesirable effects on wildlife and human health.
In the recent years, it has been estimated that organic
farming has grown by 8.9% per year [60]; soil contamina-
tion by steroids and EDC could rapidly be a major risk, like
pesticides and heavy metals.
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[4] M. Podnar, W. Mayer, N. Tvrtković, Phylogeography of the Italian wall
lizard, Podarcis sicula, as revealed by mitochondrial DNA sequences,
Mol. Ecol. 14 (2005) 575–588.

[5] O. Carnevali, G. Mosconi, F. Angelini, E. Limatola, G. Ciarcia, A. Polzo-
netti-Magni, Plasma vitellogenin and 17 beta-estradiol levels during
the annual reproductive cycle of Podarcis s. sicula, Raf. Gen. Comp.
Endocrinol. 84 (1991) 337–343.

[6] M. Verderame, F. Angelini, E. Limatola, Spermatogenic waves and
expression of AR and ERs in germ cells of Podarcis sicula, Int. J. Zool.
2014 (2014) (Article ID: 965617, 8 pages).

[7] L. Rosati, A. Santillo, M.M. Di Fiore, P. Andreuccetti, M. Prisco, Testicular
steroidogenic enzymes in the lizard Podarcis sicula during the sper-
matogenic cycle, C.R. Biologies 340 (2017) 492–498.

[8] L. Rosati, P. Andreuccetti, M. Prisco, Vasoactive Intestinal Peptide (VIP)
localization in the epididymis of two vertebrate species, C.R. Biologies
340 (2017) 379–385.

[9] C. Rondinini, A. Battistoni, V. Peronace, C. Teofili, Lista Rossa IUCN dei
Vertebrati Italiani, Comitato Italiano IUCN Ministero dell’Ambiente e
della Tutela del Territorio e del Mare, Roma, 2013.

[10] F. Trinchella, M. Riggio, S. Filosa, M.G. Volpe, E. Parisi, R. Scudiero,
Cadmium distribution and metallothionein expression in lizard tissues
following acute and chronic cadmium intoxication, Comp. Biochem.
Physiol. C Toxicol. Pharmacol. 144 (2006) 272–278.

[11] P. Simoniello, S. Filosa, M. Riggio, R. Scudiero, S. Tammaro, F. Trinchella,
et al., Responses to cadmium intoxication in the liver of the wall lizard
Podarcis sicula, Comp. Biochem. Physiol. C Toxicol. Pharmacol. 151

(2010) 194–203.
gonad differentiation during embryo development

http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0305
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0305
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0305
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0305
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0310
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0310
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0310
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0315
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0315
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0315
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0315
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0320
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0320
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0320
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0325
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0325
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0325
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0325
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0330
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0330
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0330
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0335
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0335
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0335
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0340
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0340
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0340
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0345
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0345
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0345
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0350
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0350
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0350
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0350
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0355
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0355
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0355
http://refhub.elsevier.com/S1631-0691(19)30038-1/sbref0355


[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

M. Verderame, R. Scudiero / C. R. Biologies 342 (2019) 81–89 89
 P. Simoniello, S. Filosa, R. Scudiero, F. Trinchella, C.M. Motta, Cadmium
impairment of reproduction in the female wall lizard Podarcis sicula,
Environ. Toxicol. 28 (2013) 553–562.

 M. De Falco, R. Sciarrillo, A. Capaldo, T. Russo, F. Gay, S. Valiante, et al.,
The effects of the fungicide Methyl thiophanate on adrenal gland
morphophysiology of the lizard, Podarcis sicula, Arch. Environ. Contam.
Toxicol. 53 (2007) 241–248.

 M. Verderame, E. Limatola, Interferences of an environmental pollutant
with estrogen-like action in the male reproductive system of the
terrestrial vertebrate Podarcis sicula, Gen. Comp. Endocrinol. 213
(2015) 9–15.

 M. Verderame, E. Limatola, R. Scudiero, The terrestrial lizard Podarcis
sicula as experimental model in emerging pollutants evaluation, in:
M.L. Larramendy (Ed.), Ecotoxicology and genotoxicology: non-tradi-
tional terrestrial models, The Royal Society of Chemistry (RSC) Pub-
lishing, UK, 2017, pp. 252–268.

 M. Verderame, R. Scudiero, Glyphosate induces hepatic and testicular
toxicity in the non-target lizard Podarcis sicula, Eur. J. Histochem. 61 (1)
(2017) 32.

 V. Mingo, S. Lötters, N. Wagner, The impact of land use intensity and
associated pesticide applications on fitness and enzymatic activity in
reptiles-A field study, Sci. Total. Environ. 590–591 (2017) 114–124.

 M. Verderame, R. Scudiero, Glyphosate: toxic or not toxic, this is the
question, Eur. J. Histochem. 62 (1) (2018) 28.

 A. Marco, J. Hidalgo-Vila, C. Dı́az-Paniagua, Toxic effects of ammonium
nitrate fertilizer on flexible-shelled lizard eggs, Bull. Environ. Contam.
Toxicol. 73 (2004) 125–131.

 A. Marco, M. López-Vicente, V. Pérez-Mellado, Arsenic uptake by reptile
flexible-shelled eggs from contaminated nest substrates and toxic
effect on embryos, Bull. Environ. Contam. Toxicol. 72 (2004) 983–990.

 F. Trinchella, M. Cannetiello, P. Simoniello, S. Filosa, R. Scudiero, Dif-
ferential gene expression profiles in embryos of the lizard Podarcis
sicula under in ovo exposure to cadmium, Comp. Biochem. Physiol. C
Toxicol. Pharmacol. 151 (2010) 33–39.

 P. Simoniello, C.M. Motta, R. Scudiero, F. Trinchella, S. Filosa, Cadmium-
induced teratogenicity in lizard embryos: correlation with metallo-
thionein gene expression, Comp. Biochem. Physiol. C Toxicol. Pharma-
col. 153 (2011) 119–127.

 R. Scudiero, S. Filosa, C.M. Motta, P. Simoniello, F. Trinchella, Cadmium
in the wall lizard Podarcis sicula: morphological and molecular effects
on embryonic and adult tissues, in: K.J. Baker (Ed.), Reptiles: biology,
behavior and conservation, Nova Science Publishers, Happauge, New
York, 2011, pp. 147–162.

 P. Simoniello, F. Trinchella, S. Filosa, R. Scudiero, D. Magnani, T. Theil,
et al., Cadmium contaminated soil affects retinogenesis in lizard em-
bryos, J. Exp. Zool. 321A (2014) 207–219.

 R. Scudiero, M.G. Esposito, P. Simoniello, Tolerance to thermal stress in
lizard embryos, in: M.P. Kiernan (Ed.), Lizards: thermal ecology, genetic
diversity and functional role in ecosystems, Nova Science Publishers,
Happauge, New York, 2014, pp. 29–44.

 P. Simoniello, M.G. Esposito, F. Trinchella, C.M. Motta, R. Scudiero,
Alterations in brain morphology and HSP70 expression in lizard em-
bryos exposed to thermal stress, C.R. Biologies 339 (2016) 380–390.

 S.H. Safe, L. Pallaroni, K. Yoon, K. Gaido, S. Ross, B. Saville, et al., Toxicology of
environmental estrogens, Reprod. Fertil. Dev. 13 (2001) 307–315.

 A.A. Amaro, A.I. Esposito, V. Mirisola, A. Mehilli, C. Rosano, D.M.
Noonan, et al., Endocrine disruptor agent nonyl phenol exerts an
estrogen-like transcriptional activity on estrogen receptor positive
breast cancer cells, Curr. Med. Chem. 21 (2014) 630–640.

 M. Verderame, M. Prisco, P. Andreuccetti, F. Aniello, E. Limatola, Ex-
perimentally nonylphenol-polluted diet induces the expression of
silent genes VTG and ERa in the liver of male lizard Podarcis sicula,
Environ. Poll. 159 (2011) 1101–1107.

 A. Cardone, Imidacloprid induces morphological and molecular dama-
ges on testis of lizard (Podarcis sicula), Ecotoxicol. 24 (2015) 94–105.

 S.L. Bartelt-Hunt, S. DeVivo, L. Johnson, D.D. Snow, W.L. Kranz, T.L.
Mader, et al., Effect of composting on the fate of steroids in beef cattle
manure, J. Environ. Quality 42 (2013) 1159–1166.

 A. Valdehita, A. Quesada-Garcı́a, M.M. Delgado, J.V. Martı́n, M.C. Garcı́a-
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