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Abstract: This study aims at exploring influence of protein malnutrition (PM) on susceptibility to

induction of testicular dysfunction by three chemical agents namely, sulfasalazine (Sulf), Pirimiphos methyl

(Piri) and cadmium chloride (Cd). The study was conducted on male adult Swiss mice aged 12-14 weeks

(weighing 30-35g), divided into two main groups, namely normally fed (NF), feeded a protein sufficient

diet (20% casein) and PM group feeded on protein deficient diet (8% casein). Each group was further

subdivided according to their treatment into Sulf, Piri and Cd subgroups. After the end of the experiment,

epididymis sperm count, testicular macrophage count and testicular and epididymal interleukin-1â (IL-1â)

level were assessed. The right testis and epididymis were subjected to histopathological examination. The

obtained results showed that PM resulted in lowering epididymal and testicular IL-1â levels. The general

pattern of toxicity in PM animals exposed to any of the three chemical agents was similar to that of NF

animals. Nevertheless, more severe changes in epididmal sperm count, testicular macrophages count and

IL-1â of PM animals indicating clear interference of PM with testicular function and the enhancement of

its intoxication by chemical agents. These findings were reflected parallely with the histopathological

changes in testis and epididymis.
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INTRODUCTION

There is increasing evidence that, apart from

gonadotropins and other hormones, cell-cell interactions

like nutritional interactions, environmental interactions

and paracrine/autocrine interactions, play an important

role in the control of testicular function . Some[1]

cytokines are implicated in the latter interactions

namely paracrine/autocrine interactions. Interleukin-1

(IL-1) is a member of the cytokine family having

several important biological activities such as regulation

of inflammatory responses, transmit information from

one cell to another, regulation of cell growth and

control of cell proliferation. The involvement of IL-1

system in the testicular paracrine/ autocrine regulation,

and hence, its possible involvement in the regulation of

spermatogenesis and spermiogenesis process and male

fertility was pointed by Huleihel et al., . Expression[2 ,3]

of interleukin-1â (IL-1â) was demonstrated in the

cytoplasm and nucleus of the spermatogonia and

spermatocytes, Sertoli cells and Leydig/interstitial cells

as well, in adult mice . It was suggested that IL-1â[4]

expression might be related to Leydig cell function

rather than germ cell maturation in normal testis tissue

. Macrophages are surprisingly well represented in[5]

testis , they are also considered as potential sources[6 ,7]

of cytokines such as IL-1â. Several studies have

established that the resident testicular macrophages play

an important role in Leydig cell development, function

and steroidogenesis in adult rats and mice . [6 ,8 ,9]

Protein malnutrition (PM), as one of the most

important socioeconomic problems, induce macrophage

dysfunction  and also impairs secretion and[10-13]

production of cytokines . Although some studies[14-16]

revealed that all stages of spermatogenesis occurred

normally and spermatozoa were accurately formed in

testes of PM rats , others showed that low protein[17]

diet enhanced the vulnerability of germ cells to metanil

yellow  and gossypol .[18] [19]

Impaired male reproductive health appears to be a

multi-factorial event involving the interaction of genetic

predisposition with factors associated with lifestyle and

environment. Actually, pesticides, pollutants and

therapeutic drugs that are sometimes misused, are

groups of toxicant that are commonly involved in the

etiology of male infertility. Although there were more

studies investigating the influence of PM on fertility of

neonates and prepubertal animals, little were concerned
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with the effect of PM on adult fertility and its

interaction with other environmental factors.

Sulfasalazine (Sulf) is a common drug used to treat

rheumatoid arthritis, ulcerative colitis and Crohn

disease . However, Toth  and Levi  reported[20,21] [22] [23 ]

male infertility as a side effect of Sulf. Some studies

have shown a reduction of sperm concentration and

motility in rats treated with Sulf . Although Sulf[24 ,25]

treatment induced decrease in sperm concentrations and

alteration of sperm motility, these effects may not

constitute the primary causes of Sulf-induced infertility

as impairment of fertility was observed following

treatment levels that were not associated with sperm

concentration and motility were unchanged .[26 ,27]

Pirimiphos-methyl (Piri) is a broad spectrum, non-

cumulative organophosphorous pesticide and is widely

used allover the world. The reproductive organs were

found to be among the most vulnerable organs to

organophosphorous insecticides . Daily feeding[28 ,29]

with diet containing Piri for 30 days was found to

induce marked spermatogenesis suppression and

deterioration in sperm motility .[30 ,31]

Cadmium (Cd) is an important environmental

pollutant as it is widely used in industry. It is present

in a number of agricultural products. Its residues were

found to contaminate some fertilizers, food and water

via environmental pollution as well as rechargeable

batteries; plastic and cigarettes. Vascular changes and

ischemic necrosis are proposed as possible mechanisms

of actions of Cd in the testis . It was found to[32]

compromises the permeability barrier of the

seminiferous tubules before vascular damage occurs .[33]

Other studies indicate that Cd is a spermatogenic stage-

specific toxicant , while others show that Cd induces[34]

apoptosis in rat testicular tissue .[35]

Thus, there was a need to investigate the influence

of PM on susceptibility to experimentally induced

testicular toxicity by the above mentioned three

chemical agents namely, Sulf, Piri and Cd. The present

work implies the possible interactions of PM and these

agents on testicular and epididymal IL-1â content as

well as on testicular macrophages count. In addition,

the histopathological changes of the testis and

epididymis were investigated, being the most consistent

indicator of reproductive damage.

MATERIALS AND METHODS

Animals: Adult male mice of the Swiss albino strain

aged 12-14 weeks, weighing 30-35 g., obtained from

the animal house of the National Organization for Drug

Control and Research (NODCAR) were used for this

study. Mice were housed six per cage and were

maintained under standard laboratory animal housing

conditions fed standard diet and water ad libitum .

Diet:

Ingredient  g/kg diet

Casein 200.000

Cornstarch 529.500

Sucrose 100.000

Oil 70.000

Fiber 50.000

Mineral mix 35.000

Vitamin mix 10.000

L-cystine 3.000

Choline chloride 2.500

Mineral mixture (AIN-93C-MX) and vitamin

mixture (AIN-93-VX) that supplies the recommended

concentration of elements for the AIN-93G diet were

according to Reeves et al. .[36]

Doses Preparation and Routes of Administration:

Sulfasalazein (Salazopyrin, Pfizer) was prepared as a

suspension in distilled water using tween 80 (0.25%).

It was orally administered (150 mg/kg) daily for 28

days, in a dose volume of 25 ml/kg. Cadmium chloride

(CdCl2, Loba Chemie) was administered as one single

dose i.p, in a concentration of 1 mg/kg using saline as

a diluent. The insecticide pirimiphos methyl (0,2-

diethylamino-6-methylpirimidin-4-yl O, O-dimethyl

phosphorothioate, Primibasm, 50% EC, produced by the

Arab Company for Chemical Industries for Basmala

Company for Trade and Chemicals) was diluted in

distilled water and given orally in a dose of 1 mg/kg

(equivalent to 5 ppm) daily for 30 days.

Experimental Design: After an acclimatization period

of 7 d, mice were divided randomly assigned to groups

fed diets containing 20% or 8% casein for 3 weeks

before their exposure to the tested chemical agents.

These two diets contained the same amounts of mineral

and vitamins, and similar energy density was achieved

by addition of more cornstarch and sucrose to the 8%

casein diet. The composition of the diet is summarized

in table (1).

Mice from each dietary group (20% and 8%

casein) were further divided into three subgroups. Each

of these subgroups received either of Sulf (150 mg/kg,

p.o, daily for 28 d), Piri (1 mg/kg equivalent to 5ppm,

p.o, daily for 30 d) or Cd (1mg/kg, one single dose

i.p., to exert the desired toxic effect after 21 days).

Parallely two groups of control groups received the

vehicles of either distilled water or distilled water with

surfactant (1 % carboxy methyl cellulose).

After 24 hr of last dosing, blood was withdrawn

from the orbital sinus of each animal in a separated

heparinzed tubes for plasma separation. Animals were

then decapitated; testes, epididymis and seminal

vesicles were rapidly excised and weighed. The right
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testis, epididymis and the seminal vesicles were fixed

in 10% formalin for pathological examination. The left
testis and cauda epididymis were homogenized in

saline (Nacl 0.9%) for testicular macrophage and
epididymal sperm count as well as determination of

testicular and epididymal IL-1â levels.

Epididymal Sperm Count: Epididymal sperms were
counted according to Gonzales et al. , where[37]

epididymis was homogenized in 5 ml saline (NaCl,
0.9%), the homogenized epididymal preparation were

refrigerated at 4 C for 24 h to allow sperm to be0

released from the walls. Data are given as sperm

count/epididymis.

Testicular M acrophages Count:  Testis was
homogenized in 5 ml saline (Na Cl 0.9%). One ml of

the homogenate was centrifuged for 5 min at 1500
rpm. The supernatants were decanted and the re-

suspended cell pellets were washed in 1 ml saline for
3 times. The pellets were then reconstituted and

macrophages were purified by density gradient
centrifugation on Ficoll Hypaque. Macrophages count

was performed by trypan blue exclusion on Neubaur
haemocytometer (Boeckel, Hamberg Germany). Data

are given as macrophage count / testis.

Determination of Testicular and Epididymal lL-1â
Contents: IL-1â level was assayed in epididymal and

te s t icu la r  ho m o gen a te  u s in g  e n z ym e- l in k e d
immunosorbent assay (ELISA) kit in accordance with

the manufacturer's recommendations (Biosource
International, California, USA). It was read at 450 nm

using  ELISA reader (BioTEk Instruments Inc., ELx
808, USA). 

Pathological Examination: The fixed testis, epididymis

and seminal vesicles were trimmed, dehydrated,
embedded in paraffin, sectioned, mounted on glass

slide, stained with hematoxylin and eosein and
examined by light microscopy.

Statistical Analysis: Statistical analysis was performed

using SPSS 10.0 statistical software (SPSS Inc,
Chicago, IL). Means were used and data were analyzed

by one-way analysis of variance (ANOVA). If the test
showed a significant difference, the least significant

difference test was used as a Post hoc Tukey's test for
multiple comparisons. The differences were considered

significant if the probability was associated with
p<0.05.

RESULTS AND DISCUSSION

Influence of PM , Sulf, Piri and Cd on Reproductive

organs weights: As shown in fig. (1), each of PM,

Sulf, Piri and Cd has no impact on relative testis,

epididymal nor seminal vesicles weights.

Influence of PM , Sulf, Piri and Cd on epididymal

sperm count: The three utilizes chemical agents

induced a significant reduction in epididymal sperm

count of NF mice by 27% (p<0.05), 37% (p<0.001)

and 44% (p<0.001) for Sulf, Piri and Cd, respectively

(fig. 2). PM has no influence on the epididymal sperm

count, nevertheless, it enhanced the reduction in sperm

count especially with exposure to either of Sulf or Cd

to reach 41% (p<0.001) and 61% (P<0.001),

respectively as compared to their corresponding PM

non-treated control group (fig. 2).

Influence of PM , Sulf, Piri and Cd on testicular

macrophage count: Testicular macrophage count of

NF mice was highly affected exhibiting a significant

reduction by 68% (p<0.001) and 63% (p<0.001) after

exposure to Sulf and Cd, respectively as compared to

control group. Exposure of NF mice to Piri  reduced

their testicular macrophages count by 24% (0.05) as

compared to control group (fig. 3). PM reduced

significantly the testicular macrophage count by 36%

(p<0.001) as compared to control group. PM

potentiated the reduction in testicular macrophage count

to reach 85%, 58% and 83.5% (p<0.001) for Sulf, Piri

and Cd respectively, as compared to the corresponding

PM-nontreaed control group (fig. 3).

Influence of PM, Sulf, Piri and Cd on testicular and

epididymal IL-1â levels:  Exposure of NF mice to

either of Sulf or Cd induced a significant reduction in

their testicular IL-1â levels by 46% (p<0.01) and 65%

(p<0.001) respectively, as compared to NF control

group (fig 4). While PM induced reduction in testicular

IL-1â level by 31% (p<0.05) as compared to NF

control group, exposure of PM mice to Cd induced a

severe reduction in the testicular IL-1â level of PM

mice by 95% (p<0.001) as compared to PM non-treated

group (fig. 4).

The most notable remark in the present study is

that both testis and epididymis of NF control mice

have a comparable same level of IL-1â. Exposure to

either of Sulf, Piri and Cd induced a significant

reduction in the epididymal IL-1â levels of NF mice

by 71% (p<0.001), 73% (p<0.001) and 63% (p<0.001)

respectively, as compared to NF control group (fig. 4).

PM resulted in significant reduction of epididymal IL-

1â by 70% (p<0.001) as compared to NF control

group. Treatment of PM mice with Sulf could

counteract the influence of PM on epididymal IL-1â

level, while the other two utilized chemical agents

failed to induce any changes as compared to PM

control mice receiving vehicle (fig. 4).
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Fig. 1: Influence of protein malnutrition, Sulf, Piri and Cd on murine relative seminal vesicle, testis and

epididymis weight.

Fig. 2: Influence of protein malnutrition, Sulf, Piri and Cd on epididymis sperm count of normally fed and protein

malnourished mice.
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Fig. 3: Influence of protein malnutrition, Sulf, Piri and Cd on testicular macrophages count of normally and

protein malnourished mice.

Fig. 4: Influence of protein malnutrition, Sulf, Piri and Cd on testicular and epidydimus IL-1 level of normally

fed and protein malnourished mice.
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Histopathological Examination:
Testis: Microscopic examination of the control group
of mice, that received either distilled water or the
carboxy methyl cellulose vehicle, revealed normal
appearance of the seminiferous tubules. A layer of
epithelial cells (spermatogonia) invests the seminiferous
tubules. Spermatocytes arranged in layers at different
mitotic developmental stages, in the seminiferous
tubules lumen, spermatozoa are found with normal
convoluted tail. The interlobular spaces are filled with
interstitial tissue found of loose connective tissue
containing leydig cells, blood vessels and fibroblasts
(Fig. 5).

Fig. 5: Testis section of control NF showing the
appearance of semineferous tubules with
different phases of spermatogenesis, H&E,
X:150.

Various pathological lesions could be observed in
testis of PM as compared with NF control mice. Mild
dilated venous and arterial channels were seen in
capsular and interstitial tissues (fig 6). In addition, mild
interstitial oedema, together with focal areas of
proliferated interstitial cells of leydig were seen.

The histological examination of NF-Sulf group
revealed mild congested interstitial vessels (fig 7) with
mild oedema in scattered area. Most of seminiferous
tubules showed normal pattern, however they exhibited
reduction in spermatogenic lineage (Fig 7). Giant cells
were occasionally seen, in addition to focal
inflammatory area. The toxicity effect of Sulf was
more obvious in testis of PM as compared to those NF,
where most of seminiferous tubules showed reduction
in size and deformity in shape and spermatogenic arrest
(fig 8).

Fig. 6: Photomicrograph of testis of PM non- treated
mice showing dilated congested vascular
channel in interstitial area, H&E, X:150.

Fig. 7: Photomicrograph of testis tissue of NF Sulf-
treated group showing deformity in shape of
some semineferous tubule (arrow), loss of
spermatogenic in other semineferous tubule
(arrow head), focal congestion in subcapsular
blood vessels, H&E, X:60

Fig. 8: Section in testis of PM Sulf-treated group
showing deformity in shape in some
semineferous tubules (arrow), H&E, X:150.

Mild pathological changes were observed in testis
of NF-Piri group in form of focal area of capsular
thickening with scattered mild congested capsular and
interstitial vascular channels. Focal inflammations were
seen. The seminiferous tubules showed reduction in
size in many areas (fig 9). On the other hand, testes of
PM-Piri mice exhibited more toxic impact, being midly
to moderately congested, oedematous interstitial areas
with hyperplasia of leydig cells were detected (fig 10).
Seminiferous tubules with irregular outline, deformity
in shape with reduction in size and spermatogenic
elements were also observed (fig 10). 

The most obvious lesions seen in the testis of NF mice
exposed to Cd, were mild congested vascular channels in
subcapsular and capsular area with focal thickening in
capsule. Few congested interstitial vessels were seen as
well as oedema with scattered occasional hyperplastic
leydig cells (fig 11). Meanwhile, the majority of the
seminiferous tubule were intact, few showed severe
reduction in size in many areas (fig 11). Mitotic activity
were also observed in some of them, together with
desquamated cells that were noticed in lumen of some
seminiferous tubules. Comparing with NF-Cd group, more
toxic impact could be observed in testis of PM-Cd group
where, mild congested vascular channels with focal
thickening of capsule were seen. Oedema was seen in some
interstitial spaces with focal enlarged hyperplasic leydig
cells. Seminiferous tubules showed reduction in size and
spermatogenesis. In addition, desquamated cells in the
lumen were observed (fig. 12).
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Fig. 9: Photomicrograph of testis tissues, of NF Piri-
treated group, showing giant cell (arrow), in
semineferous tubule, with reduction in
spermatogenic lineage (arrow head), H&E,
x:600.

Fig. 10: Photomicrograph of PM Piri-treated showing
congested, oedematous interstitial spaces
(arrow), hyperplasia of leydig cells (double
arrow) and reduction in spermatogenesis in
many semineferous tubule (st),H&E,X:600.

Fig. 11: Photomicrograph of NF Cd-treated testis
tissues showing mild hyperplasia of leydige
cell (arrow), reduction in some spermatogenic
lineage (double arrow), H&E,x:600. 

Fig. 12: Photomicrograph of PM Cd-treated testis
showing demonstrating desquamated cells in some
seminiferous tubules leumen (arrow), H&E., x:300.

Epididymis: The epididymal tissue of normally fed
control groups receiving vehicles is formed of glandular
structure  lined by columnar ciliated epithelial cells
(fig. 13).

The histological examination of epididymal tissue
of PM mice receiving vehicles, revealed mild reduction
of sperm elements in epididymal ducts (fig. 14)
compared to control group and accompanied by mild
oedema in interstitial tissues. 

Treatment of NF with Sulf induced emptying of
about 30% of their epididymal ducts with the
appearance of few scattered apoptotic cells that were
seen among sperms mass (Fig 15). Prominent increase
in number of these apoptotic cells were seen in
epididymis of PM-Sulf mice (fig. 16). 

Exposure of NF mice to Piri induced severe
reduction in spermatic mass in about 20% of their
epididymal ducts, while the rest showed mild reduction
of sperms element (fig. 17). On comparing with
epididymis of NF-Piri group, epididymis of PM Piri-
treated mice showed inflammatory cell aggregation and
severe reduction of spermatic cell mass (fig 18). 

On the other hand, epididymis of NF Cd-treated
mice showed mild loss of ciliation with flattened
epithelium in many epididymal ducts, inflammatory
cells aggregation in the surrounding interstitial tissues
and few scattered apoptotic cells among spermatic mass
(fig19). The most obvious and common pathological
lesions observed in the epididymis of PM Cd-treated
mice were, increased incidence of inflammatory cells
aggregates and reduction in sperms as compared to
their corresponding  NF groups (fig.20).

Fig. 13: Section in epididymis of NFC mice showing
normal appearing tubular structure lined by
ciliated columnar epithelial cells (arrow),
H&Ex:300.

Fig. 14: Section in PM non-treated epididymis showing
empty epididymal tubules (T) with scattered
inflammatory cells (arrow), H&E x:300.
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Fig. 15: Epididymal section of NF Sulf-treated mice

showing empty of some tubular (T)

epididymal structure, H&E, x:60.

Fig. 16: Epididymal section of PM Sulf-treated mice

showing reduction in height of lining epithelial

cells, with focal damaged area (arrow head)

multi apoptotic spermatic cells are seen

(double arrow), H&E, x:400.

Fig. 17: Epididymal section of NF Piri-treated mice

showing reduction in spermatic cell mass in

epididymal tubule (arrow), H&Ex:60.

Fig. 18: Epididymal section of PM Piri-treated mice,

showing inflammatory cells aggregates (arrow),

epididymal tubule (T) with reduction of spermatic cell

mass, H&Ex:300.

Fig. 19: Epididymal section of NF Cd-treated mice

showing occasional apoptotic cell (arrows),

H&E, x:300.

Fig. 20: Epididymal section of PM Cd-treated mice

showing marked reduction in spermatic cell

mass in epididymal tubules (T) many are

empty (arrow) H&E, x: 60.

Discussion: Protein malnutrition was found in some

studies not to affect any of the stages of

spermatogenesis and not to cause histopathological

changes in the testis . Nevertheless it could not be[17]

excluded that PM may induce testicular toxicity that

may be revealed only in case of associated exposure

with other conjugal hypofertility factors like Sulf, Piri

or Cd. In consistence with the findings of Bertrand and

Belleville , the present study showed that PM did[17]

not significantly affect the epididymal sperm count in

comparison with those of NF mice. However, the

present results showed that testicular macrophage count

of PM mice exhibited significant reduction the matter

that may implicate and confirm the role of the

testicular macrophage on reproductive functioning of

PM mice. In this concern, the resident testicular

macrophages were found to associate intimately with

the steroidogenic leydig cells through a unique form of

cell-cell communication, whereby the microvilli of the

leydig cells fit into coated vesicles on the macrophage

surface . Macrophages are known to influence leydig[6 ,7]

cell morphology, development, function and

steroidogenesis in adult mice and rats . Moreover,[6 ,9 ,38]

depletion of testicular macrophages, the case that

naturally occurring in mutant mouse strain was found

to result in severe male reproductive defects . The[7]

decrease in the testicular macrophage count of PM
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mice in the present study may be explained by PM

induced impairment of macrophage function and

macrophage apoptosis . Thus, the decrease in the[11 ,39]

testicular macrophage count in the present study

induced by PM may account for decreasing fertility.

The relevance of this speculation need to be

underestimated in view of the found non-significant

decrease in the epididymal sperm count.

The present study revealed that administration of

a low dose of Sulf (150 mg/kg) for 28 days induced

reduction in epididymal sperm count in both NF and

PM mice. This finding is in consentience with the

finding that in both long- and short-term studies,

alterations in testicular and epididymal spermatid counts

can occur at doses of toxicants that are lower than

those associated with sterility . The reduction in[40 ,41]

epididymal sperm count of both NF and PM Sulf-

treated mice in the present study is in agreement with

the findings of Sharma and Kalla, . Although the[25]

target organ of Sulf is suggested to be the testis

(spermatogenesis) and the epididymis (maturation of

sperm) , yet, none of the previous studies could[26 ,27]

explain how Sulf acts. In the present study, the found

reduction in the testicular macrophage count of  both

NF and PM-Sulf-treated mice, an effect which may

explain the associated reduction in their epididymal

sperm count, the matter which may point to the way

through which Sulf mediates infertility.

The present study has also showed that the

epididymal sperm reserves of NF as well as of PM

mice exposed to the equivalent of 5 ppm Piri for 30

days were decreased. This reduction may be due to

destruction of testis architecture .[30 ,31]

In the present study administration of a single i.p.

dose of 1 mg/kg Cd induced significant reduction in

epididymal sperm count for both NF and PM animals

after 21 days, confirming the suggestion of Taylor et

al., , who found that susceptibility to Cd-toxicity is[42]

the normal state and resistance is a mutation. The

reduction in epididymal sperm count induced by Cd in

the present study, in both NF and PM animals, could

be explained by Cd induced failure of sperm release

. It may be also interpreted through the direct effect[34]

of Cd on spermatogenesis  and the drastic reduction[43]

effect of Cd on spermatogonia, spermatocytes and

spermatids .[44]

The present shown result may add another

explanation for the hypofertility effect of each Piri and

Cd pointing to their effects on the testicular

macrophage count. The found reduction in epididymal

sperm count induced by either of Piri or Cd, in the

present study, could be interpreted by the induced

reduction in testicular macrophage count. Moreover, the

more pronounced effects induced in PM mice exposed

to any of three agents as compared to the case of NF

mice, may be explained by the additive effect of each

of Sulf, Piri or Cd and PM on testicular macrophage.

In testicular interstitial tissue, in rats and mice, leydig

cells and macrophages produce and secrete IL-1â [5 ,45-

. In Sertoli cells, IL-1â regulates estradiol production48]

[49], transferrin secretion , lactate production [50] [51 ,52]

and proliferation  among other functions. Moreover,[53]

it has been shown that IL-1 receptors type ² and Ï  

(IL-1R² and IL-1RÏ) mRNAs are constitutively

expressed in Sertoli cell culture, which strongly

supports the postulated paracrine role of IL-1 as

modulators of leydig cell function . It also expressed[54]

in endothelial cells of the interstitial vessels, indicating

the involvement of IL-1 in testicular vasculature

permeability . Thus, the decrease in the testicular IL-[38]

1â levels induced by either of PM, Sulf, Piri or Cd in

the present study may indirectly affect the fertility

through estradiol production and/or lactate production

and/or proliferation of the Sertoli cells and/or  the

expression of IL-1R² and  consequently the testicular

vasculature permeability.

The present study showed also that, the significant

reduction occurred in the testicular macrophage count,

in NF mice exposed to either of Sulf or Cd and in PM

animals, whether Cd treated or non-treated are

resembling their corresponding changes concerning

testicular IL-1â level. Accordingly, assuming that IL-1â

is produced by macrophages and leydig cells in the

interstitium, then the above mentioned finding could be

explained on the basis, that the reduction in testicular

macrophages count which is responsible for secretion

of this cytokine may led to reduction in their testicular

IL-1â level. However, each of Sulf and Piri induced

severe reduction in testicular macrophages of PM mice

despite there was no such reduction in their

corresponding testicular IL-1â levels. This may indicate

that macrophages are not the major source for IL-1â

secretion and that the effect of Sulf and Piri may be

mainly on leydig cells. These findings confirm those of

Sahin et al., , who found that IL-1â was present[5]

especially in leydig cell and that of Gomez et al., [54]

indicating that leydig cells are essential target of IL-1.

Previously Huleihel et al.,  assumed the possibility[55]

that cells of testicular origin, namely the epididymis

and secondary sex glands, secrete cytokines which may

function in a paracrine and/or autocrine fashion in

regulating the male genital system and that these

cytokines may affect directly or indirectly sperm

function. In addition, sperm cells were found not only

produce IL-1â but also secrete it . While, in the[2]

present study, it is not surprising to detect IL-1â in the

epididymal homogenates , yet the most notable[54 ,56]

observation in the present study is that the epididymal

IL-1â concentration of NF control mice was almost

equal to that found in their testicular homogenate.
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On considering the assumption of Huleihel et al.,

, that sperm cells produce and secrete IL-1â, then, it[2]

will be possible to interpret the reduction in epididymal

IL-1â level of NF as well as PM mice exposed to

either of Sulf, Piri or Cd as a consequence of the

resulted reduction in their corresponding epididymal

sperm count. However, the present study showed that

the epididymal IL-1â level of PM-non-treated mice was

significantly reduced although their corresponding

epididymal sperm count was not significantly altered,

indicating that the epididymal tissue may be the source

of the secreted IL-1â . Thus, it could be postulated[55,5 6 ]

that each of PM as well as exposure of NF to either of

Sulf, Piri or Cd has a direct or indirect effect on

secretion of IL-1â from epididymal tissues. On the

other hand, the obtained results revealed that in case of

PM feeding, exposure to either of Piri or Cd had no

effect on PM-induced reduction in epididymal IL-1â

level, indicating that the effect of each, Piri and Cd is

more pronounced in case of normal feeding than PM

feeding.

Regarding the histopathological examination of

testes and epididymis, which are the most consistent

indicators of reproductive damage , it confirm the[40]

reproductive defects of each of Sulf, Piri and Cd where

reductions in epididymal sperms mass were seen. The

findings of histopathological changes of epididymis of

both NF and PM groups are consistent with the

observed reduction in sperm count where the shown

emptying of epididymal ducts were more severe among

PM groups than those of NF groups. Moreover, the

decrease in testicular macrophages count in the present

study comes in harmony with the observed

histopathological changes in the testes of each of PM,

Sulf, Piri and Cd-treated mice the matter  which

confirms and elucidates the important role of

macrophages in leydig cell integrity in adult mice . In[7 ]

this concern, macrophage-leydig cell interactions were

suggested to help maintaining the integrity of the

leydig cells structure. According to Cohen et al., , in [7]

absence of macrophages, the leydig cells appear to

have an unraveling endoplasmic reticulum with tide

membranous whorls and/or dilation of the inter

membrane spaces such that much of the cytoplasm is

occupied by the endoplasmic reticulum. The obtained

finding concerning testicular IL-1 â level is also

consistent with the shown testicular histopathological

changes, where that testes of PM mice showed dilated

venous and arterial vasculature channel in capsule

together with mild interstitial oedema, thus confirming

the finding that IL-1 is involved in the testicular

vasculature permeability .[38 ,54]

Collectively, while the present results reveal

similarity of the general pattern of toxicity in PM mice

and those normally fed, yet, there were some

differences, which can be summarized as following:

1) more severe changes caused by Cd on testicular

macrophages count, epididymal sperm count and

testicular IL-1â level.

2) much more lowering of testicular macrophages

count induced  by the three utilized agents. 

Thus, apart from the overall hormonal control,

reduction in testicular macrophages count and/or

lowering of the epididymal IL-1â level may be

implicated as reproductive defects that can be induced

by PM or by any of the three utilized agents, as well

as by exposure of PM to other agents. Finally, it is

possible to conclude that PM has a potential effect on

fertility, and that this effect is revealed only when PM

is associated with exposure to other hypofertility

factors. In other words, PM reinforces the hypofertility

effect of these factors. Accordingly, PM can be

regarded as an anti-fertility potentiating factor.
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