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Abstract: Aim: To investigate the effect following subchronic exposure to the organophosphorous
insecticide of common name profenofos, which extensively used in agriculture, on the key
enzymes of fertility and the concentration of microelements in testicular tissues in male albino
rats. Methods: Adult male albino rats were orally administered with profenofos at a does of 23.14
mg/kg body weight per day for 60 days, emulsifying in 0.4 ml tap water. The control group
received equal volume of tap water. Twenty-four hours after the last treatment the rats were
sacrificed using anesthetic ether. Epididymus and testes were collected, cleaned and weight. Then
epididymus prepared in buffer saline and spermatozoa were examined with light microscopy for
concentration and motility. Testes were fractionated and supernatant of testicular homogenate was
obtained by centrifugation, activities of alkaline and acid phosphatases, lactate dehydrogenase and
total protein as well as concentration of microelements; Copper, Iron, Zinc and Selenium were
measured. Moreover, the testes were histologically examined. Results: The epididymus and testes
weights were significantly decreased. Reduction in sperm count was recorded in cauda
epididymus in profenofos treated group, associated with decreased motility. Total protein (TP)
level exhibited an elevation in testicular tissue in comparison with the control group. There was
significant decrease in the activities of alkaline and acid phosphatase (ALP and ACP) and lactate
dehydrogenase (LDH). A totally different trend was observed for the level of microelements;
Copper (Cu), Zinc (Zn), Iron (Fe) and selenium (Se) where a sharp augmentation in the element
levels was noticed in profenofos-treated rats compared with the control group. Treatment-
dependent histopathological changes were seen in testes. Conclusion: Profenofos alters testicular
functions possible by inhibition the activities of marker enzymes and inducing alteration in
microelements levels, thereby disrupting male reproduction. [Nature and Science. 2009;7(2):16-
29]. (ISSN: 1545-0740).
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1- Introduction

Organophosphorous insecticides (OPIs) have been considered as genuine alternatives to
chlorinated (O'Ch) insecticides due to their broad-spectrum pesticidal properties and relatively
shorter persistence after applications (Sharma et al., 2005). OPIs in addition to their intended
effects like control of insects or other pests are sometimes found even to effect non-target
organisms including human beings (Chantelli-Forti et al., 1993; Chaudhuri et al., 1999).
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Exposure to low level OPIs is known to produce a variety of biochemical changes, some
of which may be responsible for the adverse biological effects reported in humans and
experimental animals (Sutatos, 1994). There is growing concern that environmental chemicals
both natural and man-made, having estrogenic property may be causing a variety of reproductive
disorders in wildlife and human population (Chitra et al., 1999).

The testes of humans and other mammals are highly susceptible to damage produced by
genetic disorders, environment or occupational exposure to chemical or other means. Specific
causes of testicular damage have been catalogued (Jadaramkunti and Kaliwal, 2002).

In man, much data are available about biochemical analysis of seminal plasma. However,
not many studies have been conducted in animals yet (Pesch et al., 2006).

Analysis of enzyme activities and concentrations of microelements can estimate integrity
and function of testes, in man; analysis of seminal plasma enzymes and microelements has been
performed accurately and much is known about the importance of the "right contents" of seminal
plasma (Pandy et al., 1983; Chia et al., 2000; Huang et al., 2000 and Stanwell-Smith et al.,
1983).

It has been reported that, pesticides with such properties have been shown to cause
overproduction of reactive oxygen species (ROS) in both intra and extra cellular spaces, resulting
in a decline of sperm count and infertility in wildlife and human (Gangadharan et al., 2001).

Trace elements, such as Copper (Cu), Zinc (Zn), and Selenium (Se) have a pivotal role in
the spematogensis (Homma-Taked et al., 2003) lonic environment has a high influence on sperm
function (Hamameh and Gatti, 1998), profenofos belongs to the phosphorothioate class of OPIs.
It widely used for a variety of agricultural and public health applications, previous studies suggest
that profenofos considered as one of the male reproductive toxicant (Moustafa et al., 2007).

In spite of the extensive use of profenofos in crop protection and in the household,
information related to its effects on health with particular reference to reproductive toxicity are
scarcely. Therefore, the objective of this study was to clarify the effect following subchronic
exposure to profenofos on testicular functions by measuring the fertility indices (sperm count and
motility), the activity of specific enzymes that responsible of spermatogenesis (alkaline and acid
phosphatases and lactate dehydrogenase) and total protein level as well as concentrations of the
essential microelements; Copper (Cu), Iron (Fe), Zinc (Zn) and Selenium (Se) in testicular tissue
of male rats.

2-1 Materials

The active substance profenofos produced by Syngenta multi national comp. under trade
name: Selecron 72% EC was used.

Tap water was used for preparing emulsion of profenofos immediately before use and
orally administered into animals by osophageal intupation (per OS.). The median lethal dose
(LDsp) of profenofos (per OS.) was determined according to Weil (1952) and its value was 185.13
mg/kg body weight.
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2-2 Animals

In this investigation, thirty male Wistar albino rats, rattus norvegicus were obtained from
the breeding unit of the Egyptian organization for the Biology and vaccine production, Egypt.
Male rats initially weighing 150+10g were used. Animals were allowed to be acclimatized to
laboratory conditions; of temperature at 25+2°C, humidity (30-70%) and light (12-h dark: 12-h
light) and kept on balanced diet and water ad libitum for 2 weeks prior to the experiment. Animals
were housed throughout the experiment in polypropylene cages (with each cage housing five
animals) containing paddy husk as bedding.

2-3 Experimental Design

Rats were randomly divided into two comparable groups as follows, First group: (n = 10)
served as normal control and animals were received the vehicle (tap water). Second group: (n =
20) animals were orally dosed for 60 days with profenofos at 23.14 mg/kg body weight (4
doses/week).

Clinical signs were monitored daily and animals were weighed twice weekly throughout
the experiment and the dose was adjusted accordingly.

2-4 Sampling

After completion of treatment period (60 days), animals were anaesthetized with ether
and sacrified. The testes and epididymus were removed immediately, cleaned of the adhering
tissues and weighted. Fertility-related parameters (sperm count and motility) were performed by
dissecting out the Cauda epididymus and teasing it in a known volume of normal saline at 37°C.
Sperm counting was done using a haemocytometer according to the method of Feustan et al.
(1989).

The right testes were kept in a deep freezer (-40°C) for biochemical estimations and
microelements detection. Left testes were removed and fixed in 10 % formalin for routine
histopathology.

2-5 Biochemical Estimations:

Frozen testes were washed with saline solution, then minced and homogenized (10%
W/V) in ice-cold saline, using a chilled glass-teflon porter-Elvehjem tissue grinder tube. The
homogenate was centrifuged at 10,000 xg for 20 min. at 4 °C and the resultant supernatant used
for determination of protein contents, Tp (Bradford, 1976); alkaline phosphatase, ALP (Babson,
1965) and acid phosphatase ACP (Babson and Read, 1959). Also, a 10% homogenate of testes
was prepared in ice-cold 0.1M phosphate buffer, the homogenate was centrifuged at 12,000 xg for
30 min. at 4°C. the supernatant used for determination of lactate dehydrogenase, LDH (Moss and
Henderson, 1994).
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2-6 Histopathological Studies

For the histopathological observations at light microscopic level, fresh testes were
immersion fixed in 10% formalin saline.

Following an overnight fixation, the specimens were dehydrated in ascending grades of
alcohol, cleared in benzene and embedded in paraffin wax. Blocks were made and 5um thick
sections were double stained with hematoxylin and eosin and observed under microscope
(Banchraft et al., 1996).

2-7 Determination of microelements concentrations in testicular tissues:

The concentrations of the microelements Copper (Cu), Iron (Fe), Zinc (Zn) and Selenium
(Se) in testicular tissues were measured according to the procedure which reported in AOAC
(2004), by using atomic absorption spectrophotometer (Thermo Jarel Ash-AA-Scanl).

2-8 Statistical Analysis

Data analysis and evaluation of statistical significance among different values determined
was done using the student's t-test. Statistical differences with a value of p<0.05 were considered
significant (Snedecor and Cochran, 1980).

3- Results
3-1 Testes and epididymus weights

The variations in the testes and epididymus weights of animals subjected to profenofos
treatment are shown in Table (1). There was significant decrease (p<0.05) and (P<0.001) in
weights of the testes and epididymus, respectively, as compared to control group.

Table (1): Effect of oral administration of profenofos on testes and epididymus weights of
rats after sub-chronic exposure (60 days)

Profenfos-treated group 23.14

Parameter Control group ma/kg body weight

Testes weight (g)

Epididymus weight (g)

Data represent mean + SE, n =5, * P<0.05, *** P<0.001 (Student’s t-test)
3-2 Semen Parameters

The effect of oral administration of profenofos for 60 days on sperm count and motility in
cauda epididymus is shown in Table (2). The spermatozoal density (count) increased significantly
(p<0.05) in profenofos-treated group in comparison with the control group.

Similarly, spermatozoal motility was also found to be significantly decreased (p<0.001).
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Table (2): Effect of oral administration of profenofos on semen parameters in cauda
epididymus of rats after sub-chronic exposure (60 days):

Profenofos-treated group

Parameter Control group 23.14 mglkg body weight

Total sperm count (10%/ml)

Motility (%)

Data represent mean + SE, n =5, * P<0.05, *** P<0.001 (student’s t-test)

3-3 Biochemical assays

Results of testicular biochemistry have been depicted in Table (3). Alkaline (ALP), acid
(ACP) phosphatese and lactate dehydrogenas (LDH) activities were recorded to have decreased
(p<0.001, p<0.05 and p<0.01, respectively) in profenofos-treated group as compared to control
group.

In addition, total protein level was found to be significantly raised (p<0.05) in treated
group in comparison with the control group.

Table (3): Effect of oral administration of profenofos on some testicular biochemical
parameters in rats after sub-chronic exposure (60 days)

Profenofos-treated group

Parameters Control group 23.14 mg/kg body weight

alkaline phosphatase(U/mg protein)

acid phosphatase (U/mg protein)

lactate phosphatase (U/mg protein)

total protein (mg/g tissue)

Data represent mean + SE, n = 4, * P<0.05,** P<0.01, *** P<0.001 (student’s test)

3-4 Testicular histoarchitecture

In addition to the findings listed above, we have observed the presence of microscopic
changes in the testes of male albino rats.

Histological findings of testes from control and treated groups are presented in figs. 1, 2,
respectively.

1 Normal control animals, revealed normal mature seminiferous tubules with complete
series of spermatogenesis and high spermatozoal concentration in the lumen (fig.1) Profenofos-
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intoxicated animals indicated that there were few numbers of sperm cells in the lumen of the
seminiferous tubules (fig. 2), in correlation with the control one.

s

7 o e ’ AT T B R AR

Fig. (1): Testes of rat in control gp. Showing Fig. (2): Testes of rat treated by profenofos

the normal histological structure of the showing low amount of sperms in the
seminiferous tubules in nature active lumen of the semineferous tubules.
condition.

3-5 Microelements concentrations

The effect of oral administration of profenofos for the 60 days on testicular tissue
contents of microelements is depicted in table (4).profenofos treatment produced significant
increase (p<0.001) in iron (Fe), copper (Cu), zinc (Zn) as well as in selenium (Se) levels.

Table (4):The Testicular tissue contents of microelements in profenofos-treated rats after
sub-chronic exposure (60 days).

Profenofos-treated group
Element (ppm) Control group 23.14 mg/kg body weight

Copper (mg/kg.tissue) 1747.22

+3.747
Ferric (mg/kg.tissue) 700.19

+4.827
Zinc (mg/kg.tissue) 16.74

+0.158™"
Selenium (mg/kg.tissue) 162.37

+0.458™"

*okk

Data presented mean + SE of five individual values.
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4- Discussion

Organophosphates (OPIs) are among the most widely used synthetic insect pesticides.
The wide spread use of OPIs has stimulated research into the possible extence of effects related
with their reproductive toxic activity (Joshi et al., 2007).

The present study results demonstrated that 60 day’s exposure of male rats to profenofos
at the dose 23.14 mg/kg body weight (4 doses/week) resulted in decreased the testes and
epididymus weights, male fertility indices (sperm count and motility), and activities of ALP, ACP
and LDH but increased levels of total protein and microelements (Cu, Fe, Zn and Se) in testicular
tissues.

Our results showed that the weights of testes and epididymus were significantly lower in
the profenofos-treated rats than in the controls. The decrease in testicular weight in treated rats
may be due to reduced tubule size, spermatogenic arrest and inhibition of steroid biosynthesis of
leydig cells, a site of steroid biosynthesis (Sujatha et al. ,2001 and Kaur and mangat, 1980).
The decrease in testicular weight in profenofos-treated rats may indicate impairment at testicular,
pituitary, or hypothalamic level (Chitra et al. ,1991).

Similar results were recorded by Ref Joshi et al. (2007), who mentioned that chlorpyrifos
(OPIs) at dose levels of 7.5, 12.5 and 17.5 mg/kg b.wt./day, for 30 days, decreased significantly
the weight of testes.

The epididymus is androgen-dependant organ, relying on testosterone for its growth and function
(Klinefelter and Hess, 1998).

On discussing the results with previous reports, it is proposed that profenofos probably
imped the activity of testes and epididymus by inhibition of androgen production or its direct
action on these organs (Kaur and mangat, 1980), thus, the reduction in the weights of testes and
epididymus in our study may be due to lower bioavailability of androgen (Sujatha et al. ,2001).

Moreover, the deleterious effects of profenofos on reproductive organ weights might be
due to a decrease in the testosterone (T) and thyroid hormone levels after 60 days from the onset
of the treatment (Takizawa and Horii, 2002).

The present results confirm the previous reports of (El-kashoury and El-far, 2004) who
mentioned that administration of rats with profenofos at 23.14 and 46.30 mg/kg body weight for
28 days and 60 days, respectively, induced significant decrease in thyroid hormone levels, there is
ample evidence that thyroid hormone is essential to the normal development of testes in the
neonate (Cook et al. ,1994 and Hardy et al. ,1996), as well as an elevation in cholesterol level, a
precursor of steroid hormone had occurred. Authors also, mentioned that inhibition of hepatic
microsomal
7-hydroxylation of cholesterol by profenofos leads to reduction of cholesterol break down and its
accumulation.

Sperm count is one of the most sensitive tests for spermatogenesis and it is highly
correlated with fertility. Our results revealed that, treatment of rats with profenofos significantly
reduced the sperm count and motility.
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The decreased sperm motility and density (count) after oral administration of profenofos
is may be due to androgen insufficiency (Chaudhary and Joshi, 2003) which caused impairment
in testicular functions by altering the activities of the enzymes responsible for spermatogenesis
(Sinha et al. ,1995 and Reuber, 1981).

Histological structure of the testes confirmed the aforementioned results, where it is
revealed degeneration in some of seminiferous tubules associated with low luminal spermatozoal
concentration.

It is tempting to speculate that the decreased sperm motility in the present study may
have been related to our earlier studies on profenofos (El-kashoury and El-far, 2004) which
pointed that subclinical hypothyroid state in rats administered with profenofos for 60 days had
occurred.

Also, men with hypothyroid have been reported to have lower sperm motility than
euthyroid controls (Corrales — Hernandez et al. ,1990) and thyroxine (T4) replacement in men
with hypothyroidism is reported to improve sperm motility (Kumar et al. 1990).

Moreover, it had been reported that chlorpyrifos brought about marked reduction in
epididymal and testicular sperm counts in exposed males (Joshi et al., 2007). Also, testicular
atrophy and degenerative changes in the seminiferous tubules had been reported in experimental
animals administered with various O’Ch and OPIs pesticides (Dutta and Dikshith, 1973).

Based on the data obtained in this study, administration of profenofos into male albino
rats reduced the activities of acid and alkaline phosphatase and lactate dehydrogenase which
reflect suppression in testicular function (Johnson et al. ,1970). Activities of markers enzymes viz
ALP, ACP and LDH are considered to be functional indicators of spermatogenesis.

Our results confirm the findings of (Salem et al. ,1989) who investigated the influence of
methamidophos (O’ps) on mammals. Results showed that treatment of male rats with
methamidophos, at 100 ppm in drinking water for 9 and 45 days, reduced significantly acid and
alkaline phosphatase and lactate dehyrogenase in testicular tissue.

Also, (Mustafa et al. ,2007) reported that profenofos considered as one of the male
reproductive toxicants.

ALP is primary of testicular and epididymual origin and, therefore, suitable for
differentiation of oligo-and azoospermia (Turner and Sertich, 2001; Turner and McDonell,
2003). Decline in ALP activity indicated that profenofos treatment produced a state of decreased
steroidogenesis where the inter and intercellular transport was reduced as the metabolic reactions
to channelize the necessary inputs for steroidogenesis slowed down (Latchoumycandane et al.
,1997). Acid phosphatases are enzymes capable of hydrolyzing orthophosphoric acid esters in an
acid medium. The testicular acid phosphatase gene is up-regulated by androgens and is down-
regulated by estrogens (Yousef et al. ,2001).

Activities of phosphatases enzymes have been shown to rise when testicular
steroidogenesis is increased (Mathur and Chattopandhyay, 1982).
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Also, (Latchoumycandane et al. ,1997) mentioned that a decrease in ACP activity in
free state would thus reflect decreased testicular steroidogenesis in rats and this may be correlated
with the reduced secretion of gonadotrophins. LDH is associated with the maturation of germinal
epithelial layer of seminiferous tubules and associated with post meiotic spermatogenic cells
(Sinha et al., 1997). An inhibition in the activity of LDH in testes of profenofos-treated rats points
toward the interference of profenofos with the energy metabolism in testicular tissues
(Mollenhauer et al., 1990).

The correlation between LDH and motility and living sperm could be a sign that
extracellular LDH ensures metabolism of spermatozoa, perhaps even in anaerobic conditions
(Pesch et al., 2006).

As regards the testicular protein, results of the present study exhibit an increase in its
level in profefos-treated rats. The testicular fluid contains both stimulatory factors as well as
inhibitory factors that selectivity alter the protein secretions (Brooks, 1983). Thus, the changes in
protein suggested that there is a reduction in the synthetic activity in testes.

An elevation in testicular protein in the present study confirms the previous results by
(Joshi et al., 2007) who mentioned that the protein content was raised at significant levels in
chlorphrifos-treated rats.

Gupta et al. (1981) and Singh and Pandey (1989) illustrated that an elevation in the
testicular protein may be due to the hepatic detoxification activities caused by endosulfan (O'ch)
which results in the inhibitory effect on the activities of enzyme involved in the androgen
biotransformation (Dikshith and Dutta, 1972).

Similar results showed the same trend in the protein content caused by several pesticides,
at different periods and / or different concentrations, had been also reported (Shivanandappa and
Krishnakumari (1981), Bhatnagar and Malviya, 1986; Chitra et al., 1999; Choudhary and
Joshi, 2003).

In accordance with the findings of the present study, Rao and Chinoy (1983), suggested
that the accumulation of protein occurred in testes and epididymus due to androgen deprivation to
target organs.

This deprivation effect also led to a reduction in testicular and cauda epididymus sperm
population, loss of motility in the latter and an increase in number of abnormal spermatozoa,
thereby manifesting 100% failure in treated animals.

Results of the present investigation showed that administration of profenofos into male
rats increased the concentration of trace elements; Cu, Fe, Zn and Se in testicular tissue, which
have a pivotal role in spermatogenesis (Homma-Takeda et al., 2007).

These findings are not in accordance with those of Salem et al. (1989), who stated that
treatment of rats with methamidophos (OPIs), for 45 days, decreased the concentrations of Zn and
Se in the testicular tissues.
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On the other hand, similar results were recorded by Al-Bayati et al. (1988), who
mentioned that 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD), O'ch, produced atrophy,
morphological changes and impaired spermatogenesis in testes of experimental animals. In
addition, testicular tissue contents of Fe, Cu, and Zn were significantly increased in the treated
rats.

Zinc (Zn) markedly increased the ALP and ACP activities and this occurred
concomitantly with the appearance of spermatids and mature sperm cells (Guha and Vanha-
Perttula, 1983).

Selenium is an essential trace nutrient for humans and animals. It is an essential at lower
concentrations and toxic at higher concentrations. Se is required for normal testicular development
and spermatogenesis in rats (Behne et al., 1996).

The selinodeiodinase enzymes (types I, 1l and Il iodothyronine deiodinase) control the
metabolism of thyroid hormone, which is essential for the normal development (Defrance et al.,
1995) and function (Latchoumycandane et al., 1997) of testes in rats.

The above explanation supports our findings where elevated testicular tissue content of
Se associated with decrease in testicular weight, sperm count and motility in profenofos-treated
rats. In support of these findings, earlier results (ElI-Kashoury and El-Far, 2004) revealed that
treatment of rats with profenofos at the same dose and time interval decreased markedly (Ts3) level
in plasma in comparison with the control group.

Cupper is necessary for many enzymes like the Cu-Zn-Superoxide dismutase (SOD),
which is involved in cell protection against free (Oxygen) radicals. Copper is also needed for the
cytochrome C oxidase that is responsible for energy supply and for cellular and humoral immunity
(Leonhard-Marek, 2001).

As regards Cu concentrations, an administration of rats with profenofos increased
testicular tissue contents of Cu by 2-fold, respectively. Elevated Cu concentrations reduced
oxidative processes and glucolysis that may cause immotility and reduced viability (Leonhard-
Marek, 2001).

A proposed mechanism could explain elevated iron concentrations in testicular tissues in
profenfos-treated rats, is that iron is known to be essential and mostly bound to transferrin
(produced by sertoli cells), haptoglobin (sertoli, leydig and germ cells) and lactoferrin
(spermatozoa and vascular gland). These proteins contain catalytic inactive iron which avoids
extensive oxidation (Leonhard-Marek, 2001).

Results of the present investigation suggested that profenofos may impede the utilization
of micro-elements in the testes, consequently stagnation of Cu, Fe, Zn and Se in the testes
occurred.

It is concluded that profenofos induced adverse effects on testicular function by altering
biomarker enzymes activities as well as disrupting micro-elements levels, thus care should be
taken and more studies should be done to increase the validity of those information.
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Abbreviation used:

OPIs, organophosphorous insecticides; O'Ch, organochlorine, TP, total protein, ALP,

alkaline phosphatase; ACP, acid phosphatase; LDH, lactate dehydrogenase; Cu, Copper; Zn, Zinc;
Fe, lron; Se, Selenium; Ec, Emulsifiable concentrate; T4, Thyroxine; Ts, Triiodothyronine; T,
Testosterone; Ros, Reactive oxygen species.
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