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SUMMARY: The restriction of the mechanisms of cell proliferation in murine seminiferous epithelium, in terms of induction of
programmed cell death until recently has not been fully analyzed. The aim of this work was to assess the effect of Malathion (MP) on
testicular morphology and function in mouse spermatogenesis. For the experiments, male albino mice of strain NMRI-IVIC, weighing
between 30-40 g were used, and divided into control and experimental groups of 5 each. The animals of the experimental groups were
injected with a single dose of MP: 241mg/kg weight (1/12 LD 50 ) resuspended in 0.9% saline, intraperitoneally. Animals were sacrificed
at 8.3, 16.6 and 33.2 days post-injection (first, second and third spermatogenic cycles). Testicular samples were obtained for light
microscopy (LM), transmission electron microscopy procedures, and to detect apoptosis and p53 antigen by immunohistochemical
methods. Blood was collected to quantify testosterone and plasmatic cholinesterase activity. From 8.3 days, Sertoli cell vacuolization,
karyolisis of pachytene spermatocytes and Leydig cells and a decreased in average of the diameter of seminiferous tubules was observed.
No damage to inter-Sertoli cells junctions was detected. Percentage of seminiferous tubules showing germ cells apoptosis was increased
from 8.3 days, plasmatic acetylcholinesterase activity was reduced in the group treated only 24 hours after administration of MP. Serum
testosterone levels were low in treated animals at 16. 6 and 33.2 days. p53 was mostly expressed in pachytene spermatocytes from 8d.
The findings of this study indicate that MP alters the testicular function affecting the DNA and interfering with spermatogenesis as well
as steroidogenesis.
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INTRODUCTION

Despite the toxic effects of organophosphates (OP)ay exert a deleterious effect on the male reproductive
known, there are a few studies about its influence duonction by its genotoxic, genetic and epigenetic actions, as
reproduction and the gonads are generally not included in ttieey would alter gene expression without changing the
analysis in routine toxicology studies (Hodgson, 1987; Taylonucleotide sequence. Parathion is able to interfere with the
1996, Bustos-Obregost al, 1998; Crittendert al, 1998, proliferation and differentiation of immature germ cells of
van den Beukel, 1998). It has been reported that pesticideise, especially in the earliest periods of spermatogenesis,
can cause cytogenetic disorders in somatic and germ cellyersing this effect at 28 days after a single dose
altering the process of spermatogenesis. The oxidationagfministration (Bustos-Obregon & Sobarzo, 2000; Rodriguez
sulfhydryl groups which originate from OP are highly& Bustos-Obregéon, 2000). Leydig cells may exhibit
electrophilic and bind convalently to many biomoleculesorphological changes indicative of cell death such as
such as proteins, RNA and DNA. This alkylating effect inpyknosis and possibly changes in steroidogenesis. Sertoli cells
duces mutagenesis, as suggested by disruption of spenay also show interference in their metabolism, although this
morphology or teratozoospermia (Wyrobeck & Bruce, 197%act has not been fully elucidated for this OP. However, despite
Chenet al, 1981; Sobtiet al., 1982; Marletta, 1983; the controversy generated around the possible mutagenic effect
Wyrobeck, 1983; Salvadost al, 1988, Jayashrest al, of OP, evidences suggest that Parathion inhilpitsitro
1994, Murray & Butler, 1994). proliferation of spermatogonial cells, possibly by its alkylating

effect on DNA (Bustos-Obregéet al, 1998; Rodriguez &

There is evidence, however, that the OP compounésistos-Obregon, 2000; Bustos-Obregon & Hartley, 2009).
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A study accepted by the US-EPA, regarding the evaluatibmage Tools software (Image Tools, 2008).
of reproductive toxicity of malathion (MP) in rats is based
on the measurement of variables such as the weight of themunohistochemistry (IHC). For the detection of
parental organisms and that of the offspring during lactati@poptotic cells apoTACS TUNEL staining (R & D Systems
and weaning. Although EPA believes that MP has no advei&g was used. Briefly, the sections were incubated with
reproductive effects in the study they did not consider othbiotinylated monoclonal mouse anti-BrdU, then streptavidin
aspects such as structure and function of the gonads (WdBnjugated to peroxidase was added and finally the reaction
EPA, 2000). was developed with diamino-benzidine (DAB). Finally two
drops of glycerin were put on slides, and covered for
Administration of MP in immature rats altersobservation by Olympus CH30 microscope with objectives
spermatogenesis by a decrease in the local productionl6iX, 40X and 100X.
testosterone (Krauset al, 1975). The restriction of the
mechanisms of cell proliferation in murine seminiferous p53 antigen was detected in paraffin-embedded
epithelium, in terms of induction of programmed cell deattesticular sections with a Novocastra Laboratories
until recently has not been associated with MP, even at sdmmmercial kit, following the manufacturer's instructions.
lethal doses. Briefly, sections were washed with PBS, incubated with PBS
containing horse serum 10% and subsequently with anti p53
Therefore, this study aimed to assess the effect aftibody overnight. Then biotynilated IgG secondary goat
MP on testicular morphology and function in a murine modednti-rabbit diluted in PBS and 5% horse serum was added.
and its association with serum testosterone, plasmnia visualize bound antibodies, sections were covered with
acetylcholinesterase inhibition, proliferation and inductio®BS to which DAB in 0.03% H202 was added. Sections
of programmed cell death in the seminiferous epitheliumwere counterstained with Mayer’s hematoxylin.

Electron microscopy.Testicular samples portion were fixed
MATERIAL AND METHOD in 3% glutaraldehyde post-fixed in 1% osmium tetroxide,
and stained with lead citrate or uranyl acetate. In addition,
lanthanum nitrate was used to assess the integrity of the
For the experiments, male albino mice of straiblood-testis barrier according to Shaklai & Tavasoli (1977)
NMRI-IVIC, weighing between 30-40 g were used; theyechnique. The sections were observed using a transmission
were fed with commercial pellets and waderlibitumand electron microscope Philips CM-100.
keptin light-dark cycles of 12:12 h, at2@° C in stainless
steel cages. The mice were divided into control and expeBerum testosteroneTo quantify testosterone EIA method
mental groups of 5 each. The animals of the experimen{8iomerieux ®) was used, with the Mini Vidas ® apparatus.
groups were injected with a single dose of MP: 241mg/kg
weight (1/12 LD50) resuspended in 0.9% salineRlasma cholinesterase Plasma cholinesterase was
intraperitoneally. An equivalent volume of 0.9% saline bguantified by spectrophotometry using a commercial test
the same route was administered to the control groupased on the method of Rappaport (Dibutyril-cholinesterase
Animals were sacrificed at 8.3, 16.6 and 33.2 days postit, Sigma-Aldrich ®).
injection (first, second and third spermatogenic cycles). After
injecting the pesticide, using diethyl-ether as anesthetic, b@latistical Analysis. The evaluation of the statistical
testes were removed for histological processing for ligisignificance of the results was performed using the Student
microscopy (LM), transmission electron microscopy (TEM)t" test, through SPSS version 11.0 for Windows, 2000.
and to detect apoptosis by immunohistochemical methods.
Also blood was collected by cardiac puncture to quantify
serum testosterone and plasmatic cholinesterase activity.
RESULTS
Histochemical study. Evaluation of the stages of the
seminiferous epithelium cycle (Leblond & Clermont, 1952),
was done on paraffin-embedded testis sections, that wferphology of the testis of malathion-treated miceWith
stained with PAS (Hotchkiss, 1948). respect to the control (Fig. 1), we observed the presence of
vacuoles of various sizes in the cytoplasm of Sertoli cells
Morphometry of the seminiferous tubules Measurement and germ cells desquamation. These changes were evident
of the diameter of seminiferous tubules was performed usiag 8.3 days after the toxicant was administered and were
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Fig 2a. Testis, malathion-treated group, 8 d. Lack of cells i(HE, bar = 1fim).

more pronounced at 33.2 days post-treatment (Fig. 2). Leydig
cells showed detectable changes by LM as karyolysis, at 33
days post-treatment (Fig. 3). Ultrastructurally, we detected
thickening of the basal membrane and vacuolation of Sertoli
cells at day 8 (Fig. 4), spermatocytes at the beginning of
meiosis were the most affected germ cells (Fig. 5). In Leydig
cells, the finding of karyolysis evidenced by light microscopy
was confirmed.

Morphometric analysis of seminiferous tubulesThe ave-
rage of the tubules (in all stages of the cycle) increased from
8.3 day post-injection to the day 33.2 animals in control and
treated groups, but significantly lower values were shown
by the latter (p < 0.05) (Fig. 6). An increase of average

Fig 2b Testis, malathion-treated group, 16.2 d. Cell desquamation.
(PAS, bar = 4(am).
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Fig. 6. Tubular diameter (meanstandard deviation) of control
and malathion-treated mice

diameter of tubular stages of the cycle to 16.6 and 33.2 days
compared to day 8, with a significant increase of 65% among
the group of 16.6 and 8.3 days and 40% among the 33.3 and
16.6 days (p <0.05) was observed. However, there was no
. ¥ : difference between the values of the treated and control group
3 i ) . g for each one of the stages (Fig. 7).

x

! e
Fig 4b. Malathion--treated group, 8d. Tubular wall thickeningp
vacuolization of the Sertoli cell and germ cell necrosis. (bar = 50nmr}1

rogrammed cell death in seminiferous tubulesin the
alathion-treated mice group, there was an increase in the
percentage of seminiferous tubules with apoptotic cells, these
differences were statistically significant compared to con-
trol (Fig. 8, Table I).

ey
4

Immunohistochemical detection of p53Was detected in
control and malathion treated mice, mainly in pachytene
spermatocytes, and immunostaining was more intense in the
latter group from 8.3 days (Fig. 9).

Serum testosterone levels and plasmatic
: Y "f; acetylcholinesterase activity.Serum testosterone levels
spérmatééyte (bar’;’jm"ﬂecrease significantly at 16.6 days and sustained low at 33.2

.Y

{ R 3 e e ks,
Fig 5a. Control group.Normal early pachytene

ays (Table II). Moreover, the plasma acetylcholinesterase
activity was reduced in the malathion treated group only 24
hours after administration of the toxicant (Table III).

Blood-testis barrier integrity. Comparing labeling with
lanthanum between malathion-treated mice and controls, no
differences in indemnity of inter-Sertoli junctions were
evidenced.

Fig 5b. Malathion treated group, 8d. Karyolisis in spermatocyte (bar
=10 nm).
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Fig. 8. Percentage of seminiferous tubules with apoptotic germ cells in malat ion-
treated mice.

Table I. Percentage seminiferous tubules with apoptotic cells in mice after|
the administration of a sub-lethal dose of malathion.

Daysafter Groups

injection Control M alathion (1/12 L D)
8.3 1+141 21.5+3.54*
16.6 44+ 8.48 73 +14.14**
332 A4+ 424 795+4.94

Values are expressed as meddtandard error (SE) * p<0.00001 versus control
** p< 0.005

Table Il. Serum testosterone levels (nmol / L) in mice after administration
of a sub-lethal dose of malathion.

Daysafter injection Groups
Control M alathion (1/12 LDgy)
8.3 102+0.18 1.08+0.24
16.6 1.68 +0.34 106+0.07* Fig. 9b. Malathion treated group. Pachytene
332 175+ 0.35 1.01 +0.06* spermatocytes showing intensely positive staining for

Values are expressed as medbtandard error (SE) * p<0.05 versus control P53 (IHC, bar= 100m).
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Table Ill. Serum cholinesterase levels (IU / L) in mice after théoss of germ cells, the major ones correspond to

administration of a sub-lethal dose of malathion. metabolic alterations of the Sertoli cell (Russll

Days after inj edion Groups al., 1990; Nolteet al, 1995, Contreras & Bustos-
Controal Malathion (1/12 LDy Obregén, 1999). These changes imply retraction of
1 4339 + 930,19 1850.4+ 724 * apical processes of Sertoli cells, affecting specialized
83 4756.50 + 436.23 306217 + 698.35 intercellular junctions and subsequently releasing the
germ cells to the tubular lumen (Russtlal; Nolte

16.6 4458.83 + 485 47975+ 788.43 et al)
33.2 311.2 + 43522 4595.4 + 755.22

Values are expressed as meaBtandard error (SE) * p<0.05 versus control. MP reduces sperm count and the number of

normal forms, with maximal effect at 18 days post-
injection in mice (Bustos-Obregén & Gonzalez-
DISCUSSION Hormazabal, 2003). Desquamation of germinal
epithelium in the animals treated with MP reflects
the reduction of spermatogenesis (Contretaal,

The results of this study show that administration of an acl2006). This has been associated with pseudo-
sub-lethal dose of MP (1/12 DL50) is able to reduce steroidogenesigermiation of morphologically abnormal cells
causes apoptosis and induces proliferation of the seminiferd@ntreras & Bustos-Obregon).
epithelium in mouse.

These findings indicate that MP affects both

Morphological alterations in mouse testis were evident lsomatic and germ cells of the testis and, in addition
light and electron microscopy, at 8 days after treatment with a sin-the alkylation reactions that occur with proteins
gle dose of MP, similar to that described by Contreras & Bustasad DNA, could also elicit side effects involving
Obregon (1999). The changes found in spermatocytes corroborabesatesticular organs in response to the insecticide
the findings of Bustos-Obregdat al., (1994; 1998), who indicate (Contreras & Bustos-Obregén; Uzahal, 2009).
damage to primary spermatocytes in pachytene stage, involving
alterations in the synthesis or DNA repair in late zygotene stage. The morphometric analysis is consistent with

that described by Wing & Christensen (1982) in the

The damage to spermatids, in the development of that. The tubular diameter is dependent on the stage.
flagellum which contributes to the lack of maturation of the gametBairing the first interval (8.2 and 16.6 days post-
towards sperm, can also be manifested as reduced sperm canjggtion) minimal differences between control and
increased number of abnormal forms in semen or alterationsti@ated groups and associations that are not complete
sperm motility. Our observations indicate that MP can cause damagge seen. The difference is more evident at 33.2 days.
to spermatids, a fact that has been shown previously and appeatis¢an be deduced that MP alters the normal growth
be associated with the properties of OP to interfere with the norraald development of cell cycle stages associations in
coupling of the proteins that constitute the flagellum durinthe early periods of spermatogenesis.
spermatogenesis (Contreras & Bustos-Obregoén).

Reduced testosterone levels were found by

Degenerative ultrastructural findings in the germinal6.2 days and were maintained at 33.2 days. The
epithelium by action of MP, as found in this study, have bedmstopathological findings revealed nuclear alterations
described previously as abnormal patterns of nuclear condensatiobeydig cells of animals treated with the pesticide.
of elongated spermatids that occur in similar periods at 14 and s result coincides with those of Bustos-Obregén
days post-treatment (Contreras & Bustos-Obregon). & Gonzalez-Hormazabal indicating a toxic effect of

MP on the Leydig cells which, like other OP

It has been shown that some chemicals, among which QPontreraset al), inhibits non-specific esterase
compounds exert deleterious effects on the division and maturatamivity of these cells, reducing the production of male
of male gametes through its alkylating action on proteins and nuclsteroids (Chapiet al, 1990).
acids, being considered for that reason as mutagenics (Pandey, 1990;

Mathewet al, 1992). MP also affects, per se, testosterone levels in
rats, without altering LH values (Krause).

Vacuolization in the cytoplasm of Sertoli cells has beeRurthermore, testosterone, through modulation of the
reported as in the present work. This type of injury is an early sigeritubular cells P-mod-S, affects the function of
of testicular damage. While the small vacuoles are interpretedSestoli cells (Skinner & Fritz, 1985) that may
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contribute additionally with the desquamation and depletion Apoptosis plays an important role in the
of germinal epithelium in the seminiferous tubules. development of testicular germ cells and appears to be a
mechanism responsible for male infertility caused by high
Atefet al, (1995) demonstrated the deleterious effe¢emperature, toxicants, radiation, chemotherapy, hormone
of phoxim, an anti-cholynesterase pesticide on thdepletion and testicular torsion. In cryptorchidism, for
testosterone synthesis. Krausteal., (1975) and Krause instance, it has been shown in mouse that a p53-dependent
(1977) indicate that MP causes damage to the Leydig cqllathway is responsible for the initial portion of the germ
and reduces testosterone levels. This interferes in the prooesi$ loss by apoptosis 7 to 9 days after exposure to high
of spermatogenesis, by preventing the maturation in the laEgvdominal temperatures, and the subsequent apoptosis
post-meiotic stages, which are androgen-dependent (Russallolves an unknown route, independent of p53 @fin
et al). Also, Krauseet al.,have described reduction in theal., 1998).
number of immature germ cells, as a consequence of
decreased steroidogenic activity and damage of the Sertoli  The tumor suppressor protein p53, also called
cells. guardian of the cell cycle has important functions in growth
and cell differentiation. After DNA damage caused by
The effect on the steroidogenic function has beemdiation, p53 is usually regulated additively in mammalian
explained by alkylating cytotoxic action exerted by OP onells resulting in apoptosis initiation, repair pathways and
the steroidogenic cells (Kraust al). Some OP inhibit cell blockage. Particularly during spermatogenesis, the
transcription of the protein involved in a limiting enzymatiaonRNA and protein p53 are present in primary
step, as the transfer of cholesterol from the outer to the innisgrermatocytes. After exposure to some insults such as
mitochondrial membrane (Walgt al., 2000). radiation, p53 expression is enhanced in these cells. It is
believed that p53 is important in regulating cell production
The determination of plasma cholinesterase has beguring normal spermatogenesis either by regulation of cell
used to detect exposure to OP. As described by Bust@seliferation or, more likely, by regulation of apoptosis in
Obreg6n & Gonzalez-Hormazabal, with the exception of dagpermatogonia. In addition, it is involved in removing
1 post-injection, no differences were found between treatedverely damaged spermatogonia (Beusheil., 1998)
and control animals, indicating that the pesticide does not
induce a state of general intoxication but provokes other local During normal spermatogenesis, mouse
changes in the testis, as evidenced in the desquamatiorsjpérmatogonia do not express p53, when analyzed by
germinal epithelium and therefore in the reduction ainmunohistochemistry. However, after exposure to
spermatogenesis. radiation, p53 is demonstrated in spermatogonia,
suggesting that it plays an important role in norma
Administration of a sub-lethal dose of MP in albinaspermatogenesis and regulation of apoptosis following
mice induced a progressive increase in the number DPNA damage (Beumegt al; Ohtaet al, 2003). In the
apoptotic germ cell, from the first spermatogenic cyclgresent study, p53 is mostly expressed in pachytene
throughout spermatogenesis. However, recovery wapermatocytes as a proliferative compensatory response
observed at 16 days, which may be related to the divisiontofan increased apoptosis, caused by MP.
spermatogonia that proliferate responding at 2 weeks post-
treatment, a mechanism that has been already described Testicular toxicity appears early after the
(Thumann & Bustos-Obregén, 1978). Other pesticides sualdministration of MP (8.3 days), a fact also observed with
as parathion and paraoxon, have been also identified gther toxicant agents (Matsat al, 1995; Spanét al,
inducers of apoptosis in the germinal epithelium (Rodriguei®96). The effect of MP appears to be reversible and of
& Bustos-Obregdn). short duration, because at 33.2 days spermatogonia and
spermatocytes are recovered (Bustos-Obregon & Sobarzo).
It seems likely that MP has caused damage to theconclusion, the findings of this study and those described
testis by two cell death mechanisms: one mediated by the literature indicate that MP alters the testicular
apoptosis, in the case of germ cells and other cells andfioyction affecting the DNA. Under the conditions of this
necrosis of Leydig cells. Henriksen al. (1995), studying study MP interferes with both spermatogenesis and
the effects of ethanol dimethanol sulfonate (EDS), a toxicasiteroidogenesis.
for Leydig cells in the epithelium of adult rats concluded
that a decrease of testosterone induces cell death AZKNOWLEDGEMENT: Authors thank to Dr. Nancy
apoptosis. These and other observations suggest fBkea (Universidad de Chile) for her assistance with electron
hypothesis that DNA is a target for toxic cell death. microscopy.
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RESUMEN: La restriccion de los mecanismos de proliferacion celular en epitelio seminifero murino, en términos de induccién de
muerte celular programada hasta hace poco no habia sido completamente analizada. El objetivo de este trabajo fue evaleanalstfeon
(MP) sobre la morfologia y la funcion testicular del ratén. Ratones macho albinos de la cepa NMRI-IVIC, con pesos entfae36r40 g
utilizados, se dividieron en grupos control y experimental. Los grupos experimentales fueron inyectados por via intrajeritorzedbsis
Unica de MP: 241mg/kg de peso (1/12 DL 50) resuspendido en 0,9% de solucion salina. Los animales fueron sacrificados €6 gtia 8,3,
33,2 después de la inyeccion (primer, segundo y tercer ciclos de la espermatogénesis). Se obtuvieron muestras de testiclitograra
microscopia de luz (ML), microscopia electronica de transmision, para la deteccién de apoptosis y el antigeno p53 (paifdeagigor
métodos inmunohistoquimicos. Se recogi6 sangre para cuantificar la testosterona y la actividad plasmatica de colineste&ladia 88sde
dia se observo vacuolizacion de células de Sertoli, cariolisis de espermatocitos en paquiteno y células de Leydig, yuoite disnain
promedio del didmetro de los tlbulos seminiferos. No se detectd dafio en las uniones entre células de Sertoli. El pdétrritge de
seminiferos que mostraban células germinales en apoptosis se incrementé a los 8,3 dias, la actividad de la acetilctdisesticassep
redujo en el grupo tratado sélo 24 horas después de la administracion de MP. Los niveles séricos de testosterona disrugs @yénosl e
tratados a los 16,6 y 33,2 dias. P53 se expresoé sobre todo en los espermatocitos en paquiteno desde los 8,3 dias. Hesestedstdd®
indican que MP altera la funcion testicular, afecta al ADN e interfiere con la espermatogénesis, asi como con la estexoidogénes

PALABRAS CLAVE: Malathion; Testiculo; Raton; Apoptosis; Morfologia; p53; Proliferacion.

REFERENCES

Atef, M.; Youssef, S.; Ramadan, A.; Nawito, M.: el-Saed, M. & Abdel-  chromatid exhanges and cell cycle delay in cultures mammalian
Rahman, H. Influence of phoxim on testicular and seminal vesicle cells treated with eight organophosphorus pesticMatat. Res.,
organs, testosterone and cholinesterase level and its tissue residue$88:307-16, 1981.
in male ratsDtsch. Tierarztl. Wochenschr., 1025, 1999.

Contreras, H. & Bustos-Obregén, E. Morphological alterations in

Beumer, T. L; Roepers_Gajadien, H. L.; Gademan, I. S.; van Buul, P. mouse testis by a single dose of malathibrExp. Zool., 284
P.; Gil-Gémez, G.; Rutgers, D. H. & Rooij, D. G. The role of the ~ 355-9, 1999.
tumor suppressor p53 in spermatogend3al Death Differ.,

5:669-77, 1998. Contreras, H. R.; Paredes, V.; Urquieta, B.; Del Valle, L. & Bustos-
Obregén, E. Testosterone production and spermatogenic damage

Bustos-Obregdn, E. & Gonzalez-Hormazabal, P. Effect of a single dose induced by organophosphorate pesticiBéscell., 30423-9, 2006.
of malathion on spermatogenesis in misan J. Androl., 305-

7, 2003 Crittenden, P.; Carr, R. & Pruett, S. Immunotoxicological assessment
of methyl parathion in female B6C3F1 mideToxicol. Environ.

Bustos-Obregon, E; Gormaz, C. & del Valle, L. Testicular toxicity of ~ Health, 541-20, 1998.
agropesticidesArch. Std/HIV Res. USAR:57-63, 1994.

Henriksen, K.; Hakovirta, H. & Parvinen, M. Testosterone inhibits and

Bustos-Obregon, E. & Sobarzo, C. Acute effect of Parathion on the induces apoptosis in rat seminiferous tabules in a stage-specific
seminiferous epithelium of immature migzv. Chil. Anat., 181- mannerin situ quantification in squash preparations after
8, 2000. administration of ethane dimethane sulfon&edocrinology,

136:3285-91,1995.

Bustos-Obregon, E.; Valenzuela-Estrada, M. & Rojas, M.

Agropesticides and testicular damage. Muale reproduction: a Hodgson, EMeasurement of toxicity. imA textbook of modern
multidisciplinary overview. Martinez-Garcia, J.; Regadera, J. &  Toxicology. Hodgson & Devi (eds.). Conneticut, Appletons and
Churchill, J. (Edit.). Madrid, Communications Europe, 1998. pp.  Lange, 1987. pp. 233-85.
257-64.

Hotchkiss, R. D. A microchemical reaction resulting in the staining of

Bustos-Obregdn, E. & Hartley, R. Ecotoxicology and testicular damage. polysaccharide structures in fixed tissue preparatidnsh.

Int. J. Morphol., 26833-40, 2008. Biochem., 16.31-41, 1948.

Chapin, R. E.; Phelps, J. L.; Somkuti, S. G.; Heindel, J. J. & Burka, lmage Tools version 3.0. Availabléttp://ddsdx.uthscsa.edu/dig/
T. The interaction of Sertoli and Leydig cells in the testicular  itdesc.html
toxicity of tri-o-cresyl phosphatéloxicol. Appl. Pharmacol.,
104:483-95, 1990. Jayashree, Y.; Vijayalaxmi, K. & Rahiman, A. The genotoxicity of
Hinosan, an organophosphorus pesticide inittheivo mouse.
Chen, H.; Hsueh, J.; Sirianni, S. & Huang, C. Induction of sister Mut. Res., 337-85, 1994.

1406



PENNA-VIDEAU, S.; BUSTOS-OBREGON, E.; CERMENO-VIVAS, J. R. & CHIRINO, D. Malathion affects spermatogenic proliferation in moirsie J. Morphol., 30(4)1399-1407, 2012.

Krause, W.; Hamm, K. & Weissmuller, J. The effect of perorallySpano, M.; Bartoleschi, C.; Cordelli, E.; Leter, G.; Segre, L.; Mantovani,
administered DDVP and malathion on spermatogenesis and Leydig A.; Fazzi, P. & Pacchierotti, F. Flow cytometric and histological
cells in the juvenile ra#Andrologia, 7109-16, 1975. assessment of 1,2:3,4-diepoxybutane toxicity on mouse

spermatogenesis. Toxicol. Environ. Health, 47423-41, 1996.

Krause, W. Influence of DDT, DDVP and malathion on FSH, LH and
testosterone serum levels and testosterone concentration in te§isy/lor, P.Anticholinesterase agents.:I8oodman and Gillman’s The
Bull. Environ. Contam. Toxicol., 1831-42, 1977. pharmacological basis of therapeutics. Hardman; Limbird;

Molinoff; Ruddon & Goodman (eds.). 92 ed. New York, McGraw-

Leblond, C. P. & Clermont, Y. Spermiogenesis of rat, mouse, hamster Hill, 1996. pp. 161-76.
and guinea pig as revealed by the periodic acid-fuchsin sulfurous
acid techniqueAm. J. Anat., 9067-215, 1952. Thumann, A. & Bustos-Obreg6n, E. An vitro' system for the study

of rat spermatogonial proliferative controAndrologia, 1022-

Marletta, M.Chemical basis of Toxicology.:IA guide to general 5,1978.
toxicology. Hamburger, F.; Hayes, J. & Pelikan, E. (ed). New York,

Karger, 1983. pp. 168-89. US-Environmental Protection Agency (EPAYlalathion: The
toxicology chapter for the REDApril, 2000. Available:http://

Mathew, G.; Vijayalaxmi, K. & Rahiman, A. Methyl parathioninduced  www.epa.gov/pesticide/op/
sperm shape abnormalities in mouldat. Res., 28069-73, 1992.

Uzun, F. G.; Kalender, S.; Durak, D.; Demir, F. & Kalender, Y.

Matsui, H.; Mitsumori, K.; Yasuhara, K.; Onodera, H.; Shimo, T. &  Malathion-induced testicular toxicity in male rats and the protective
Takahashi, M. Morphological evaluation of cyclophosphamide effect of vitamins C and EEood. Chem. Toxicol., 47903-8, 2009.
testicular toxicity in rats using quantitative morphometry of
spermatogenic cycle stage.Toxicol. Sci., 2@07-41, 1995. van den Beukel, I.; van Kleef, R. & Oortigiesen, M. Differential effects

of physostigmine and organophosphorates on nicotinic receptor in

Murray, M. & Butler, A. Hepatic biotransformation of parathion: role  neuronal cells of different specidseurotoxicology, 1977-87,
of cytochrome P450 in NADPH- and NADH mediated microsomal ~ 1998.
oxidationin vitro. Chem. Res. Toxicol.;782-9, 1994.

Walsh, L. P.; Webster, D. R. & Stocco, D. M. Dimethoate inhibits

Nolte, T.; Harleman, J. & Jahn, W. Histopathology of chemically induced steroidogenesis by disrupting transcription of the steroidogenic
testicular atrophy in rat&xp. Toxicol. Pathol., 4267-86, 1995. acute regulatory (StAR) geng.Endocrinol., 162253-63, 2000.

Ohta, Y.; Nishikawa, A.; Fukazawa, Y.; Urushitani, H.; Matsuzawa, AWing, T. Y. & Christensen, A. K. Morphometric studies on rat
Nishina, Y. & lguchi, T. Apoptosis in adult mouse testis induced  seminiferous tubuleg\m. J. Anat., 1683-25, 1982.
by experimental cryptorchidismcta Anat., 157195-204, 1996.

Pandey, N.; Gundevia, F.; Prem, A. & Ray, P. Studies on the genototxiditlyrobeck, A. & Bruce, W. Chemical induction of sperm abnormalities
of endosulfan, an organochlorine insecticide, in mammalian germ in mice.Proc. Natl. Acad. Sci. USA., /A225-9,1975.
cells.Mut. Res., 242-7, 1990.
Wyrobek, A. J. Methods for evaluating the effects of environmental
Rodriguez, H. & Bustos-Obregon, E. Arvitro model to evaluate the chemicals on human sperm productiénviron. Health. Perspect.,
effect of an organophosphoric agropesticide on cell proliferation  4853-9, 1983.
in mouse seminiferous tubulésdrologia, 321-5, 2000.
Yin, Y.; DeWolf, W. C. & Morgentaler, A. Experimental cryptorchidism
Russell, L.; Ettlin, R.; Sinha Hikim, A. & Clegg, Histological and induces testicular germ cell apoptosis by p53-dependent and -
histopathological evaluation of the tes@earwater, Cache River, 1990. independent pathways in mid&iol. Reprod., 5892-6, 1998.

Salvadori, D.; Ribeiro, L.; Pereira, C. & Becak, W. Cytogenetic effects
of malathion insecticide on somatic and germ cells of niice. Correspondence to:
Res., 20837, 1988. Dr. Salvador Penna

Grupo de Investigadores en Reproduccion Humana
Departamento de Ciencias Fisioldgicas
Escuela de Ciencias de la Salud “Francisco Battistini”
Universidad de Oriente. Av Jose Méndez

iudad Bolivar

ENEZUELA

Shaklai, M. & Tavasoli, M. A modified technigue to obtain uniform
precipitation of lanthanum tracer in the extracellular space.
Histochem. Cytochem., 2913-5, 1977.

Skinner, M. K. & Fritz, |. B. Testicular peritubular cells secrete a protei
under androgen control that modulates Sertoli cell functitios.
Natl. Acad. Sci. USA., 8214-8, 1985.

Sobti, R.; Krishan, A. & Pfaffenberger, C. Cytokinetic and cytogenetieMail: pennav@yahoo.com
effects of some agricultural chemicals on human lymphoid cells Received: 27-04-2012
in vitro: organophosphatebdiut. Res., 1089-102, 1982. Accepted: 31-08-2012

1407



