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Fertility is the first and most important requisite of poultry breeding.
The number of fertile eggs produced for hatching dictates the ultimate
profitability of hens. Infertility is a major economic loss in poultry industry
(HEYDARI ET AL. 2015). Although males and females both contribute to
decreasing fertility, however, low fertility is thought to be largely a problem
in males because the ratio of males to females in a flock is very low
(OMMATI ET AL., 2013). The deterioration in fertilizing ability has been
attributed to many factors like age, weight and decline in semen quality
(KHAN, 2011). Testis are the chief reproductive organs in the males; they
perform the two functions: spermatogenesis and steroidogenesis.
Spermatogenesis occurs in the germinal epithelium of the seminiferous
tubules and steroidogenesis is done by interstitial cells (Leydig cells),
which are controlled by gonadotropins (MATHUR AND D’CRUZ, 2011). Testis
are important reproductive organs of chickens, which are related to the
production and reproduction of the poultry industry. If the testicles cause
poisoning, the quality of sperm in the testis will be affected, eventually
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leading to sperm dysplasia or deformity, which will affect the success
rate of mating. Or even if the mating is successful, the offspring will be
stunted, which will affect the meat quality and harm the development of
the breeding industry (SHAO ET AL. 2018). Aberrant sperm production
causes infertility, they by will not to be able to conceive the female partner
(SIVA KUMAR & NEERAJA, 2019). Oxidative stress is the major factor for
the infertility, tension in the testis.Several factors like; exposure to
endocrine disruptors, physiological stress, temperature or pH imbalance
and present life style are also major reasons for infertility in males
(DARBANDI ET AL. 2018; REHMAN ET AL. 2018).
Apoptosis and autophagy are two major pathways of programmed
cell death under developmental and/or stressful conditions, and they are
closely related (BONGAERTS, 2008). Apoptosis can be triggered via the
extrinsic pathway, which is activated through Tumor Necrosis Factor
(TNF) and Factor associated suicide (Fas), or the intrinsic pathway, which
is mediated by B cell lymphoma/leukemia 2 (Bcl-2) gene family releasing.
Moreover, both pathways induce apoptosis through activation of effector
caspases (YANG ET AL., 2017). Testicular cell populations, i.e., Sertoli cells,
spermatogonia, and spermatids, are highly regulated in terms of their
number and viability. Throughout the breeding period of the male, many
changes occur in this regard previously, it was believed that regression
of the testis was due to necrotic processes brought about by the failure
of hormones to maintain the integrity of the seminiferous epithelium.
However, recent studies, again mostly with mammals, have shown that
testicular cell death is not random, but is initiated by highly regulated cell
suicide mechanisms instigated by a series of intracellular protein-protein
interactions mediated by signaling molecules such as the death effector
domain (THURSTON & KORN, 2000). A novel death effector domain,
identified as death effector domain-containing testicular molecule, has
been shown to be highly expressed in human and rat testis (LEO ET AL.,
1998). Control of cell death by this method is called apoptosis, and includes
loss of membrane asymmetry, condensation of the cytoplasm and nucleus,
and internucleosomal cleavage of DNA. Microscopically, cells marked
for apoptosis can be identified by their unusually small, pyknotic nuclei.
Cell death is mediated by a series of cytosolic proteases called caspases
and endonucleases that cleave the DNA (THURSTON & KORN, 2000).
Testicular apoptosis appears to be by the Fas-ligand, Fas-receptor method.
Binding of Fasligand to cells expressing Fas-receptor proteins initiates
apoptotic-signaling pathways. Sertoli cells appear to express genes that
produce Fas-ligand when promoted by the universal transcriptional
activator Sp1 (TM4 Sertoli cell line, MCCLURE ET AL., 1999). The Fas-
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ligand, Fas receptor mechanism has been implicated as being responsible
for maintaining the immune privilege of the testis and in regulating germ
cell apoptosis (human; PENTIKAINEN ET AL., 1999). In the rat, physiological
apoptosis is believed to occur continuously to control the size of the germ
cell population. Injury to Sertoli cells causes Fas-ligand upregulation to
eliminate Fas receptor-positive germ cells that no longer can be supported
(LEE ET AL., 1999). There is much evidence that Sertoli cells participate in
paracrine control of germ cell function by Fas-mediated pathways (LEE
ET AL., 1997).
Sertoli cells in testicular stroma are directly affected by certain
environmental conditions or toxins. In male reproductive injuries caused
by chemical and physical factors, the damage to the structure and function
o Sertoli cells are all earlier than those of other tissues (RICHBURG &
BOEKELHEIDE, 1996). The number and functional status of Sertoli cells
determine the testicular size and the normal progress of spermatogenesis,
playing a decisive role in male reproductive function (CHEN ET AL., 2015).
Proteins such as bcl-2, an oncogene-derived protein, can confer negative
control in the pathway of cellular suicide (BASU & HALDAR, 1998).
VILAGRASSA ET AL. (1997) found that bcl-2 and bcl-x were produced during
spermatogenesis in chicken testis, and stated that differential expression
of bcl-2 and bcl-x is consistent with the reported different susceptibility
to apoptosis of spermatogonia, meiotic cells, and postmeiotic cells
(THURSTON & KORN, 2000). Plasma membrane lipids play a significant
role in sperm fertilizing capacity. Avian sperm cell membranes have a
much greater concentration of polyunsaturated fatty acids (PUFAs) than
mammalian sperm cells and are therefore more susceptible to lipid
peroxidation (LPO) in the presence of reactive oxygen species (ROS)
(HEYDARI ET AL., 2015).

GENERAL MECHANISMS OF APOPTOSIS

Programmed cell death or apoptosis has a vital role in various biological
events. The elimination of unwanted or damaged cells by apoptosis is
indispensable for embryogenesis, maintaining cellular homeostasis, and
normal regulation of the immune system (LESSENE ET AL., 2008). Because
impaired apoptosis induces abnormal cell proliferation, the dysregulation
of cell death mechanisms is a major hallmark of cancer development
(HANAHAN & WEINBERG, 2000). Programmed cell death is activated by
intracellular stresses and developmental cues. Well-known representative
intrinsic regulators, the extended BCL2 family proteins play crucial roles
in cell death regulation and are able to regulate several cell death
mechanisms, including apoptosis, necrosis and autophagy (LEVINE &
KROEMER, 2008; REED, 2008). BCL2 family proteins contain at least one
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of four BCL2 homology (BH) domains (i.e., BH1, BH2, BH3 or BH4),
and the number of BH domains included in proteins is associated with its
apoptotic functions (YIP & REED, 2008). Antiapoptotic BCL2 family
members (e.g., BCL2, BCL2L1, MCL1 and BCL2A1) have all four BH
domains. Proapoptotic BCL2 family members are categorized into two
groups: the multiple-BH domain, which includes members BAX, BAK1
and BOK, and a single BH-3 group that includes members BID, BIM,
BAD and NOXA.
The antiapoptotic BCL2 family prevents endoplasmic reticulum (ER)mediated cell death by reducing basal Ca2+ concentrations in the ER for
regulation of cell survival (XU ET AL., 2005), whereas proapoptotic family
members like BAX and BAK induce ER-mediated apoptosis by inhibiting
the effect of antiapoptotic members or by opposing effects on ER Ca2+
concentrations for regulation of cell death (YIP & R EED , 2008).
Proapoptotic BCL2 family proteins, such as BAX and BID, stimulate
mitochondrial outer membrane permeabilization (MOMP) that induces
the release of regulators or activators (such as caspase activator) and
other cell-death mediators. In contrast, antiapoptotic family members,
such as BCL2 and BCL2L1, guard the outer membrane and conserve its
integrity by the action of BAX and BAK (YIP & REED, 2008). There is a
close association between tumor development, initiation and resistance
to chemotherapy and the dysfunction of BCL2 family proteins (LESSENE
ET AL., 2008). Cysteine aspartate-specific proteases (CASPs or caspases)
serve as intrinsic initiators of apoptosis by cleaving substrates at aspirate
residues (KIM ET AL., 2009). The caspase protein family currently consists
of 13 and 11 isoenzymes in mammals and humans, respectively
(NICHOLSON, 1999). The function of caspases is closely connected to
initiation and execution of apoptosis, with caspases categorized into either
initiator or effector caspases. CASP2, CASP8, CASP9 and CASP10
are initiator caspases, and CASP3, CASP6 and CASP7 are effector
caspases (KUMAR, 1999). Known as interleukin 1ß converting enzyme,
CASP1 plays an important role in both apoptosis and inflammation (FENG
ET AL., 2005). Apoptosis is regulated by stepwise activation of caspases
for the processing or cleaving of other caspases (SLEE ET AL., 1999).
Therefore, caspases are proapoptotic proteins that are likely to serve as
tumor suppressors, and their dysregulation is involved in the initiation and
development of tumors.

TESTICULAR APOPTOSIS OF INSULIN SENSITISER METFORMIN

Metformin, an insulin sensitiser, is known to mimic food restriction
and may modulate male fertility. TARTARIN ET AL., (2012) showed a
decrease in testis size by 1 day postpartum after embryonic exposure of
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mice to metformin. Moreover, it appears that metformin decreases
testosterone secretion in human and mouse testis in organotypic culture.
FAURE ET AL . (2016) showed that in vitro metformin exposure was
associated with reduced cellular proliferation and variations in the secretory
ability of Sertoli cells. Moreover, they demonstrated a negative effect of
metformin exposure on the germ cell population. In vivo, metformin
exposure induced a decrease in testis weight and in spermatid production,
suggesting that 3 weeks of metformin administration in drinking water is
sufficient to delay spermatogenesis (FAURE ET AL., 2016). Testosterone
levels were also reduced by 50% after metformin administration in vivo
(F AURE ET AL ., 2016). Testosterone is known to be crucial for
spermatogenesis. These results are concordant with those obtained in
mammals (TARTARIN ET AL., 2012), suggesting a conservation of this
mechanism in birds. In primary rat Leydig cell culture, the use of a natural
AMPK ligand (curcumin; ZANG ET AL., 2006) decreases testosterone
secretion through a reduction in cholesterol transport into the mitochondria
and decreased conversion of progesterone into androstenedione
(SVECHNIKOV ET AL., 2009).

HEAT STRESS-INDUCED TESTICULAR APOPTOSIS

The accepted thermo-neutral (TN) ambient temperature ranges from
14 to 25o C for poultry. The animals feel comfortable themselves in this
temperature intervals. When the ambient temperature exceeds the upper
limit of TN zone values, heat stress (HS), which is called as the
deterioration of balance between the body temperature and heat thrown
out from the animal’s body, is occurred (NARDONE ET AL., 2010). HS begins
when the ambient temperature becomes higher than 27 Co and is readily
apparent above 30o C (EZZAT ET AL., 2011). HS-related failures on
productivity of poultry range from reduced growth rate (ÇIFTÇI ET AL.,
2013), reduced feed intake (TONBAK & ÇIFTÇI, 2012), reduced feed
efficiency (ORHAN ET AL., 2012), reduced carcass weight (ÇIFTÇI ET AL.,
2013) and reduced egg quality (SAHIN ET AL., 2008). In addition, the
detrimental effects of HS on reproductive features of male poultry have
been reported to be decreases in testis weight (MCDANIEL ET AL., 2004),
sperm count, sperm motility, and increase in dead sperm rate (EBEID,
2012). HS has been reported to cause the loss of spermatogenic cells
and degenerative alterations in testis of broilers (TERIM KAPAKÝN ET AL.,
2013), the vacuolisation of germinal epithelium, multinucleated giant cell
formations in mice (YIN ET AL., 1997), the degeneration in seminiferous
tubules and the spermatogenic arrest in developing lambs (Rasooli et al.
2010) and adult llamas (SCHWALM ET AL., 2007).
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In the HS group in chicks, the integrity of the testicular structure
was damaged significantly, and the seminiferous epithelium became thinner
with vacuolar-like changes; the spermatogonia also showed a decreased
number and loose and disordered arrangement (CHEN ET AL., 2015). These
data suggested that HS might have damaged the structure and function
of the stromal Sertoli cells in testis of chicks in the HS group and thereby
caused the thickening of seminiferous tubular epithelium and the inhibition
of the development of different levels of spermatogenic cells, resulting in
the phenomena of dysplasia exemplified by various degrees of atrophy
(CHEN ET AL., 2015). The physiological mechanisms that result in HSinduced reproductive failure in poultry are not completely understood,
but most logically explained by increased intra-testicular temperature results
from increased body temperature (TÜRK ET AL. 2015), and lipid peroxidation
due to the accelerated metabolic rates under stress conditions (EBEID,
2012).
The cell membrane of avian spermatozoa contains high amounts of
polyunsaturated fatty acids (PUFAs). The high levels of PUFAs render
avian spermatozoa vulnerable to lipid peroxidation, which is considered
to be an important factor for male reproductive dysfunction, and therefore
these cells require adequate antioxidant capacities (TÜRK ET AL. 2015).
The precise balance between generation of reactive oxygen species
(ROS) and antioxidant defence system, which is capable of protecting
against free radicals and toxic products of their metabolism, is considered
to be an important determinant for semen quality in avian species (SURAI
ET AL. 2001). Furthermore, HS significantly reduces the marker enzymes
of intestinal absorption such as disaccharidases, alkaline phosphatase
(AKPase), and adenosine triphosphatase (ATPase), causing dysfunction
of the intestinal mucosal antioxidant system in poultry (CHEN ET AL., 2013,
2014).
Furthermore, under HS, the amounts of follicle-stimulating hormone
(FSH), luteinizing hormone (LH), and estradiol (E2) declined, and the
progesterone (P4) level significantly reduced, too, after an initial elevation
(LI AND CUI, 2013). Because normally secreted LH and FSH in male
animals promote the development of the seminiferous epithelium and the
proliferation of spermatogonia, abnormal levels of LH and FSH secretion
ultimately impair the normal process of testicular development (CHEN ET
AL. 2015).
The Bax (apoptotic) and Bcl-2 (anti-apoptotic) proteins exist in the
culmination of apoptosis after the onset of cellular stress. The ratio of
these molecules has been implicated to be a critical determinant of cell
fate, such that elevated Bcl-2 favours extended survival of cells and
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increasing levels of Bax expression accelerates cell death (SINHA HIKIM
& SWERDLOFF, 1999). Apoptosis is also an indicator of DNA damage in
the cells including testicular germ cells, and an increase in free radicals
results in increased testicular apoptotic germ cell (MAHESHWARI ET AL.,
2009). In the study of TÜRK ET AL. (2015), HS caused significant increases
in the density of testicular Bax immunpositivity, Bax/Bcl-2 ratio and
significant decreases in the density of testicular Bcl-2 immunpositivity of
quails as compared to TN conditions. It has been reported that HS-induced
overproduction of free radicals causes sperm DNA damage and testicular
apoptosis (DURAIRAJANAYAGAM ET AL., 2014).

TOXICO-PATHOLOGICAL EFFECTS OF COTTONSEED MEAL (GOSSYPOL)

Cottonseed meal (CSM) is a by-product obtained after oil extraction
from cottonseeds (NAGALAKSHMI ET AL., 2007). Incorporation of CSM in
poultry feed is limited due to presence of gossypol which is a biologically
active terpenoid aldehyde mainly present within the puncta or ‘glands’ of
cotton seeds. Free gossypol is toxic and chemically reactive. When free
gossypol covalently binds to amino acids mainly lysine, it becomes nontoxic and is known as bound gossypol (MAHMOOD ET AL., 2011). The
availability of lysine in CSM is less because the free gossypol binds with
lysine in meal during processing resulting in bound gossypol (RYAN ET AL.,
1986). Feeding of pigment glands in chicken led to depressed weight
gain, decreased feed efficiency, and increased mortality (SMITH, 1970).
Gossypol, as an anti-fertility agent has previously been reported in different
species including rat (SINGH & RATH, 1990), rabbit (SAKSENA ET AL., 1981)
and domestic fowl (KALLA ET AL., 1990). Intramuscular injection of purified
gossypol and gossypol acetic acid at 25 mg/kg in male quails showed
testicular atrophy and drastic reduction in size of androgen-dependent
cloacal gland (LIN ET AL., 1988). Subcutaneous injection of 25.0 mg free
gossypol/kg b wt in rats decreased the weight of different secondary sex
organs (GAFVELS ET AL., 1984). In broiler breeder males fed 20 and 30%
CSM (daily free gossypol ingestion 4.56-7.17 mg/kg b wt) showed a
significant decrease in absolute and relative weight and volume of testis
along with reduction in semen volume and sperm counts which These
changes have direct relation with pathomorphological alterations in testis
and low serum testosterone concentration (MAHMOOD ET AL., 2011).
Moreover, Histopathological alterations in testis of male chickens given
feed containing 30 % CSM included increased inter-tubular connective
tissue proliferation, presence of necrotic spermatids in the tubular epithelial
layer and absence of spermatozoa (MAHMOOD ET AL., 2011).
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JATROPHA CURCAS MEAL (PHORBOL ESTERS) INDUCED TESTICULAR APOPTOSIS
Jatropha curcas meal (JCM), obtained after oil extraction, has been
characterized as a potential animal feedstuff due to its high crude protein
(CP) content (MAKKAR ET AL., 2008) and high levels of essential amino
acids, except for lysine (MAKKAR ET AL., 1998; RAKSHIT & BHAGYA, 2008).
However, its toxicity, mainly attributed to phorbol esters (PE), has hindered
its use as animal feed (MAKKAR ET AL., 1997). EL-BADWI & ADAM (1992)
and EL-BADWI ET AL. (1995) reported mortality and severe pathological
changes in Brown Hisex chicks. The histological examination of the testis
reinforces the direct detrimental effect of Jatropha incorporation on the
sexual development of the broilers (BARROS ET AL., 2015). In this study,
while the testis from control group were well developed, the testis of
birds fed diets containing JCM were atrophic, with a decrease in the size
of seminiferous tubules, which were small and lined with inactive Sertoli
cells and rare spermatogonia. A wide range of biological effects, including
tumor promotion and inflammation, are attributed to PE, and these adverse
effects are highly structure-specific (BALDINI ET AL., 2012).
MYCOTOXINS (ZEARALENONE):
The worldwide contamination of raw materials with mycotoxins is a
safety concern in both humans and in animal species, including poultry.
In Europe, the occurrence of aflatoxins and ochratoxins is relatively low.
The co-occurrence of mycotoxins produced by Fusarium (Fusariotoxins,
FUS) in avian feed is the most frequent (GUERRE, 2016; KOSICKI ET AL.
2016). Among FUS, four compounds are subject to international and
European guidelines on their maximum tolerated levels in avian feed.
These toxins are members of group A and B trichothecenes, T-2 toxin
(T-2) and deoxynivalenol (DON) respectively, the myco-estrogenic
zearalenone (ZON), and fumonisins B1 and B2 (FB1 and FB2), belonging
to group B of fumonisins (FB). Among the FUS with regulatory limits,
DON, FB and ZON occur the most frequently in poultry diets, whereas
T-2 is less frequent in Europe (PINOTTI ET AL., 2016; Zachariasova et al.
2014). Efects of FUS on reproductive function are usually not reported
in avian species, except with very high levels of ZON (MURUGESAN ET
AL., 2015; CORTINOVIS ET AL., 2013). The weights of testis were significantly
reduced in broilers fed 200 to 400 mg ZON/kg (ALLEN ET AL., 1981). In
mammals, the most toxic e-ect of FUS other than ZON on reproductive
function has been mild-to-moderate lesions of testis with Sertoli cell
degeneration and impaired spermatogenesis observed in rabbits fed 0.13
to 5 mg FB1/kg diet for 175 days (EWUOLA & EGBUNIKE, 2010a,b). Studies
conducted in mice suggested that DON may have an adverse effect on
the epididymal weight at 10 mg/kg of feed for 90 days with slight changes
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in relative testis weight and spermatid counts, but no histological changes
(EFSA, 2015). In the study of METAYER ET AL. (2019) , no significant
difference was observed in the variables measured to reveal toxicity of
FUS in broiler testis except a decrease in the diameter of the seminiferous
tubule and a decrease in catalase activity in the DONFBZON group that
are dificult to interpret.

LEAD (PB) PB-INDUCED AUTOPHAGY AND APOPTOSIS IN THE CHICKEN TESTIS

Lead (Pb) is a toxic environmental pollutant. Its degradation or
elimination is very difficult. The misuse of Pb ammunitions in hunting
(GIL-SANCHEZ ET AL., 2018) and leaded gasoline (ABDENNADHER ET AL.,
2010) caused Pb pollution which was a threat to wild birds. Pb can enter
the body through foraging, keep accumulating, and cause Pb poisoning in
wild birds. Millions of birds died annually from Pb poisoning worldwide
(DE FRANCISCO ET AL., 2003).
More importantly, Pb toxicity affects reproductive function of birds.
Studies had shown that Pb pollution caused the decline of bird breeding
capacity in northern Sweden (BERGLUND ET AL., 2010) and reduced sperm
motility in red-legged partridges (VALLVERDÚ-COLL ET AL., 2016). Pb could
accumulate in chicken testis (HUANG ET AL., 2017b). Many researchers
found that H2O2, CAT, TAOC, GSH, and SOD were oxidative stress
indicators. Pb poisoning can decrease CAT and TAOC activities, and
cause oxidative stress in rat livers (KHALIL ET AL., 2018). H2O2 content
increased, CAT and SOD activities and GSH content decreased, and
oxidative stress occurred in Pb-treated fungus cells (HUANG ET AL., 2017a).
Excess Pb can decrease CAT activity and cause oxidative stress in rat
testis (DKHIL ET AL., 2016). Pb caused oxidative stress through decreasing
GSH content and CAT activity in rat testis (HASANEIN ET AL., 2018).
Mabrouk reported that Pb decrease CAT and SOD activities and GSH
content, and cause oxidative stress in rat testis (Mabrouk and Ben Cheikh,
2015). HUANG ET AL. (2019) found that Pb increased H2O2 content;
decreased CAT, TAOC, and SOD activities in the chicken testis.
Additionally, these researcher also observed the microstructure of chicken
testis and found testicular damage in the Pb group and concluded that Pb
caused damage and oxidative stress in the chicken testis (HUANG ET AL,.
2019). Some reports indicated that autophagy was associated with
oxidative stress. CHEN ET AL. (2014) found that H2O2 decreased mTOR
and induced autophagy in nucleus pulposus cells. Copper caused oxidative
stress through decreasing CAT activity; and caused autophagy through
increasing mRNA expression of ATG5, Beclin1, Dynein, LC3-I, and LC3a! in chicken hepatocytes (YANG ET AL., 2018). In addition, previous studies
found that Pb poisoning could induce autophagy. Pb promoted protein
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levels of Beclin1, LC3-I, and LC3-II; and induced autophagy in the
hippocampus of rats (ZHANG ET AL., 2012). HAN ET AL. . (2017) reported
that Pb increased mRNA and protein levels of ATG5, Beclin-1, Dynein,
LC3-I, and LC3-II; decreased mRNA and protein levels of mTOR; and
induced autophagy in chicken spleens. HUANG ET AL. (2019) found that
Pb treatment promoted mRNA and protein expression of Beclin 1, Dynein,
ATG 5, LC3-I, and LC3-II; and inhibited mRNA and protein expression
of the mTOR. Our result meant that Pb induced autophagy in the chicken
testis. Further more, we also observed the ultrastructure of chicken testis.

MANGANESE-INDUCED TESTICULAR TOXICITY:
Manganese (Mn) is a naturally occurring trace metal commonly found
in the environment. It is essential in maintaining the proper function and
regulation of many biochemical and cellular reactions (TAKEDA, 2003).
While Mn intoxication caused by prolonged exposure produces a severe
and debilitating disorder known as maganism (LIU ET AL., 2013). Thus,
reports of wild birds being affected by Mn toxicity are common.
Piscivorous birds, such as herons and egrets (family Ardeidae), are suitable
indicator organisms of environmental pollution in aquatic systems
(SAKELLARIDES ET AL., 2006). Manganism can disturb the balance of trace
elements in immune organs and induce immune suppression at the
molecular level (LIU ET AL., 2012). However, other studies have shown
that heavy metals can also influence the reproduction and general health
of some birds (J ANSSEN ET AL., 2003; DAUWE ET AL., 2004). As an
environmental toxicant, Mn damages the central nervous system and
has procreant toxicity. Mn can also be transplacental, affecting embryos
and the growth of offspring (ZHANG ET AL., 1998; SPENCER, 1999).
Numerous reports have shown that divalent metal ions are a contributing
factor in the acute toxicity of peroxides in laboratory animals (JOMOVA ET
AL., 2010). Heavy metals are important regulators of cell apoptosis. Heavy
metals have high affinity for thiol-group-containing enzymes and proteins,
which are responsible for normal cellular defense mechanisms (GONG ET
AL., 2008). Long-term exposure to heavy metals could lead to apoptosis
(EICHLER ET AL., 2006). Mn is a potent inducer of apoptosis in different
cell types, including human B cells (EL MCHICHI ET AL., 2007), PC12 cells
(HIRATA, 2002), NIH3T3 cells (OUBRAHIM ET AL., 2002), and SH-SY5Y
neuroblastoma cells (LI ET AL., 2010). However, the precise mechanisms
that mediate such effects are not well defined (EL MCHICHI ET AL., 2007).
High dietary Mn contentsin chicken led to its accumulation in the testicles
of cocks, and Mn most likely crossed the blood-testis barrier (BTB) (LIU
ET AL., 2013). Testicular changes in response to Mn toxicity have been
observed in a variety of animal models. Animal experimental studies have
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indicated toxicity to testicles in rabbits after intra-tracheal administration
of Mn oxide (CHANDRA ET AL., 1973). Oral administration of Mn chloride
was reported to produce histopathological testis damage in monkeys
(MURTH ET AL., 1980) In addition, Mn sulfate injection in rats for 25 d
produced degeneration in the seminiferous epithelium, a depleted number
of spermatids, and no spermatocytes in the seminiferous tubules
(PONNAPAKKAM ET AL., 2003). LIU ET AL. (2013) demonstrated that dietary
Mn induced similar histopathological changes in the chicken testicles
(edema, necrosis, degeneration of seminiferous tubules) and apoptosis in
the spermiogenic region of the seminiferous epithelium.
Cells survive the oxidative stress induced by heavy metals due to the
action of intricating antioxidative systems, comprising both oxidants and
antioxidants. The antioxidant defense systems include radical scavenging
enzymes, such as SOD and GPx. SOD is involved in protective
mechanisms in tissue injury following oxidation and phagocytosis. Wirth
et al. (2007) reported that the activities of SOD and GPx in rat tests
were obviously lower than those in the control group and that the apoptosis
of spermatogenic cells appeared 4 weeks after intraperitoneal injection
with 15 mg kg_1 and 30 mg kg_1 MnCl2. ZHANG ET AL. (2002) indicated
that newborn mouse brain cells were exposed to 2—0_4 mol L_1 Mn in
vitro, which corresponded to a clear decrease in the activities of SOD
and GPx in the cells and a significant increase in MDA contents. In the
present study, the activities of SOD and GPx decreased but the MDA
contents increased gradually along with increasing long-term exposure
to dietary Mn. These results were similar to previous reports, illustrating
that cellular lipid peroxidation was enhanced by exposure to Mn. The
activities of GPx and SOD were weakened, whereas the MDA contents
in testicular organs increased. It was indicated that the total antioxidative
capability of chicken testicular organs in the Mn-diet-fed group was most
likely impaired, based on the decreased antioxidant ability (LIU ET AL.,
2013).

THE APOPTOSIS IN ARSENIC-INDUCED OXIDATIVE STRESS:
Arsenic (As), which has been studied for centuries, is abundant in
the earth’s crust, soil, water, almost all tissues of animals and plants and
is an important topic in both mainstream media and the scientific literature
(MARTINEZ ET AL., 2011). Arsenic is classified as a class I carcinogen by
the international agency for research on cancer (IARC) and specified
the critical value of drinking water as 10 ìg/L by the World Health
Organization (WHO) and the U.S. Environmental Protection Agency
(EPA) (BRANDON ET AL., 2014). Numerous reports have shown that chronic
arsenic trioxide (As2O3) exposure can cause the damages of the
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organisms, i.e., skins, lungs and bladder cancers, cardiovascular
dysfunction, adverse pregnancy outcomes, cognitive deficits and type-2
diabetes (ABDUL ET AL., 2015). ZHAO ET AL. (2017b) have proved that
exposure to arsenic trioxide (As2O3) can cause neurotoxicity in chickens.
Dietary As2O3 can trigger apoptosis in immune organs of chickens (ZHAO
ET AL., 2017a). Previous researches have suggested that As2O3 induced
testicular toxicity that can cause inflammatory and heat shock responses
in chickens (SUN ET AL., 2017b).
Oxidative stress is part of the main mechanisms of inorganic arsenic
(iAs) poisoning (GAO ET AL., 2013). Sodium arsenite (NaAsO2) exposure
toxicity can stimulate reactive oxygen species (ROS) and cause oxidative
stress by affecting the balance between the prooxidant and the antioxidant
in the body (SAMUEL ET AL., 2005). As2O3 could trigger extrinsic and intrinsic
apoptosis pathways in immune organs of chickens, meanwhile, ROS
generated by oxidative stress might be an important driver of excessive
apoptosis (ZHAO ET AL., 2017a). In chicken, vacuolar and degenerative
spermatogenic cells and apoptotic cells in the As2O3 treatment groups
was reported which meant the degeneration and necrosis of cells and
the decline of the testicular function (SHAO ET AL., 2018). Furthermore,
these authors reported taht antioxidant enzyme activities in the testis of
chickens varied with As2O3 concentrations and duration of As2O3
exposure. Likewise, a significantly dosedependent decrease of GSH was
found during the exposure (SHAO ET AL., 2018). In chickens, the activities
of antioxidant enzymes, such as GPx and CAT, were inhibited after As2O3
exposure depending on exposure time and concentration in immune organs
and brain tissues (ZHAO ET AL., 2017a; ZHAO ET AL., 2017b).
Apoptosis induced by NaAsO2 depends on exposure time and
concentration (CHEN ET AL., 1998). In chicken testis, As2O3-induced
apoptosis was mediated through the increases of caspases activation,
p53 and the corresponding changes of Bcl-2 gene family (SHAO ET AL.,
2018). It is reported that oxidative stress may trigger apoptosis (XIE ET
AL., 2017). Oxidative stress accumulates too much — OH that cannot be
cleared by the body later they cause DNA damage. What’s more, DNA
damage can increase the level of p53 which can regulate gene expression
of Bcl-2 gene family (YU ET AL., 2001). A pro-apoptotic member of the
Bcl-2 gene family called Bax increased significantly in a dose-dependent
fashion. Meanwhile, Bcl-2, the anti-apoptotic member was declined after
As2O3 exposure in chicken testis (SHAO ET AL., 2018). Increased Bax
further stimulated Cyt c, thereby activated Caspase-9 up-regulation, and
finally generated Caspase-3, which led to apoptosis (EISENBERG-LERNER
ET AL., 2009). This is a pathway to cause apoptosis called the intrinsic
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pathway. In chicken testis, after As2O3 exposure, intrinsic pathway of
apoptosis-related genes’ mRNA and protein levels such as Cyt c, p53,
Caspase-9 Caspase-3 and Bax were increased as a dose dependent
fashion, which meant intrinsic pathway of apoptosis was activated by
As2O3 exposure (SHAO ET AL., 2018). In addition, the extrinsic pathway of
apoptosis was also activated. In chicken testis, Fas is activated after
oxidative stress (SHAO ET AL., 2018), which can be associated with caspase
activation, such as Caspase- 8 and Caspase-3 (WAJANT, 2002). Caspase3 is a key effector molecule for apoptosis execution. Most factors that
trigger apoptosis eventually require Caspase-3-mediated signal
transduction pathways, leading to apoptosis (RONG ET AL., 2008). In chicken
testis, As2O3 significantly increased Fas, Caspase-8 and Caspase-3
expressions in a dose-dependent fashion, which means extrinsic pathway
of apoptosis is activated (SHAO ET AL., 2018). Shao et al. (2018) found
that numerous factors factors (Cyt c, p53, Bax, Bcl-2, Caspase-9)
controlled intrinsic apoptosis in chicken testis.

CONCLUSION
In summary, during the breeding period of an avian male, the testis
undergo many cellular changes related to proliferation and degradation.
Proliferation may be regulated by endocrine, paracrine, and autocrine
mechanisms driven by hormones, cytokines, and transcriptional regulators.
Degradation may be initiated by conditions such as decreasing
gonadotropins or testosterone levels or injury, conditions that up-regulate
Sertoli cell Fas-ligand, causing apoptosis of germinal cells expressing
Fas-receptor. Up-regulation of bcl-2 or related proteins may help to protect
cells from apoptosis. In this review, we describe the factors (external
and a few internal) are responsible for the ROS production in reproductive
organs relative to abnormal spermatogenesis. Free radicals’ lifethreatening attacks to the body’s different organs can cause arterial
occlusion and induction of oxidative stress and subsequently causing serious
damage to tissues. High production of oxidative tension markers in the
testis leads to necrosis or disturb the normal regulatory mechanisms (high
cell division, cell contest for oxygen rate, and low oxygen pressure).
These conditions lead to destabilized vessels in the testis and excessive
production of cholesterol and fatty acids. So, an adverse effect of oxidative
stress causes inability to neutralize the antioxidant system, this leads to
infertility in males as well as females. Metformin exposure has a negative
effect on the germ cell population and also could induce a decrease in
testis weight and in spermatid production. Heat stress (HS) causes injuries
to the histological structure of pituitary and testis in chicks and seriously
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impedes the growth and development of reproductive organs in chicks.
Moreover, Histopathological alterations in testis of male chickens given
feed containing CSM included increased inter-tubular connective tissue
proliferation, presence of necrotic spermatids in the tubular epithelial layer
and absence of spermatozoa. The testis of birds fed diets containing
JCM were atrophic, with a decrease in the size of seminiferous tubules,
which were small and lined with inactive Sertoli cells and rare
spermatogonia. Mycotoxins (zearalenone) can cause a decrease in the
diameter of the seminiferous tubule and a decrease in catalase activity
broiler testis. Pb can cause damage and oxidative stress in the chicken
testis via increasing H2O2 content; decreasing CAT, TAOC, and SOD
activities in the chicken testis. The heavy metal Mn is toxic to testicular
cells in birds. The oxidative stress and subsequent DNA damage and cell
death induced by Mn are important mechanisms in Mn cytotoxicity for
bird testicular cells. Therefore, the mechanism of the effects of Mn on
bird health will be the subject of future studies to better understand the
toxicity of Mn on bird testicular cells. Exposure to As2O3 can cause
tissue damage in testis of chickens, which will affect the breeding of the
poultry industry and people’s economic benefits.We have showed that
As2O3 exposure led to ultrastructural changes, oxidative stress, apoptosis
and autophagy in the testis of chickens. Arsenic-induced oxidative stress
can cause the crosstalk between apoptosis and autophagy in testis of
chicken.

SUMMARY

Testes are important reproductive organs of chickens, which are related
to the production and reproduction of the poultry industry. If the testicles
cause poisoning, the quality of sperm in the testes will be affected,
eventually leading to sperm dysplasia or deformity, which will affect the
success rate of mating. Apoptosis is the major pathway of programmed
cell death under developmental and/or stressful conditions and can be
triggered via the extrinsic pathway or the intrinsic pathway. In this review,
we describe the factors (external and a few internal) are responsible for
reactive oxygen species (ROS) production and apoptosis in chicken testis.
It was reported that metformin exposure has a negative effect on the
germ cell population and also could induce a decrease in testis weight
and in spermatid production. Heat stress (HS) causes injuries to the
histological structure of pituitary and testis in chicks and seriously impedes
the growth and development of reproductive organs in chicks. Moreover,
histopathological alterations in testes of male chickens given feed
containing cottonseed meal (CSM) included increased inter-tubular
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connective tissue proliferation, presence of necrotic spermatids in the
tubular epithelial layer and absence of spermatozoa. The testis of birds
fed diets containing Jatropha curcas meal (phorbol esters) were atrophic,
with a decrease in the size of seminiferous tubules, which were small
and lined with inactive sertoli cells and rare spermatogonia. Mycotoxins
(zearalenone) can cause a decrease in the diameter of the seminiferous
tubule and a decrease in catalase activity broiler testes. Pb can cause
damage and oxidative stress in the chicken testes via increasing H2O2
content; decreasing CAT, TAOC, and SOD activities in the chicken testes.
The heavy metal Mn is toxic to testicular cells in birds. The oxidative
stress and subsequent DNA damage and cell death induced by Mn are
important mechanisms in Mn cytotoxicity for bird testicular cells. We
have showed that As2O3 exposure led to ultrastructural changes, oxidative
stress, apoptosis and autophagy in the testes of chickens.
KEYWORDS: testis; apoptosis; reactive oxygen species; heat stress; cytotoxicity

SUMÁRIO
Os testes são importantes órgãos reprodutivos de frangos relacionados
à reprodução e produção da indústria avícola. Se os testículos causarem
intoxicação, a qualidade do esperma nos testículos será afetada, levando
à displasia ou deformidade do esperma, o que afetará a taxa de sucesso
do acasalamento. A apoptose é a principal via de morte celular programada
em condições de desenvolvimento e/ou estressantes e pode ser
desencadeada por via extrínseca ou intrínseca. Nesta revisão,
descrevemos os fatores (externos e alguns internos) responsáveis pela
produção e apoptose de espécies reativas de oxigênio (ERO) no testículo
de frangos. Foi relatado que a exposição à metformina tem um efeito
negativo na população de células germinativas e também pode induzir
uma diminuição no peso dos testículos e na produção de espermatídeos.
O estresse térmico (SH) causa lesões na estrutura histológica da hipófise
e testículo em pintos e impede seriamente o crescimento e
desenvolvimento de órgãos reprodutivos em pintos. Além disso, as
alterações histopatológicas nos testículos de frangos que receberam ração
contendo farelo de algodão (CSM) incluíram aumento da proliferação de
tecido conjuntivo tubular, presença de espermatídeos necróticos na
camada epitelial tubular e ausência de espermatozóides. Os testículos de
aves alimentadas com dietas contendo farelo de Jatropha curcas (ésteres
de forbol) eram atróficos, com uma diminuição no tamanho dos túbulos
seminíferos, pequenos e alinhados com células sertoli inativas e
espermatogônias raras. As micotoxinas (zearalenona) podem causar uma
diminuição no diâmetro do túbulo seminífero e uma diminuição nos
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testículos de atividade da catalase. O Pb pode causar danos e estresse
oxidativo nos testículos de framgps através do aumento do conteúdo de
H2O2; diminuindo as atividades de CAT, TAOC e SOD nos testículos de
frangos. O metal pesado Mn é tóxico para as células testiculares em
aves. O estresse oxidativo e o subsequente dano ao DNA e a morte
celular induzidos pelo Mn são mecanismos importantes na citotoxicidade
do Mn para células testiculares de aves. Mostramos que a exposição ao
As2O3 levou a alterações ultraestruturais, estresse oxidativo, apoptose e
autofagia nos testículos de frangos.
PALAVRAS-CHAVE: testes; apoptose; espécies reativas de oxigênio; estresse térmico; citotoxicidade
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