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Abstract: Infertility has been a major medical and social concern since the dawn of humanity. The

impacts of environmental pollutants and adverse drug reactions on fertility are alarming and certain life

conditions may interfere with such impacts. The present work is targeting evaluation of the possible effects

of protein malnutrition (PM) on the changes of certain testicular toxicity related parameters under the

influence of some known infertility toxic agents, namely Sulfasalazine (Sulf), Pirimiphos methyl (Piri) and

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

divided into two main groups, namely a normally fed (NF) group and a protein malnourished (PM) one;

PM was started 3 weeks before administrating the toxicants. Each group was subdivided into 4 subgroups,

a control group treated daily by the vehicle, Sulf group (150 mg/kg, p.o. daily for 28 days), Cd group (1

mg/kg, one single dose, i.p, to exert the desired toxic effect after 21 days) and Piri group (5 ppm, p.o.

daily for 30 days). Twenty-four hours after the last administration of either Sulf or Piri or the end of the

latent period in case of Cd, the tissues required for analysis were properly collected and prepared.  The

levels of biogenic amines, dopamine (DA), norepinephrine (NE) and 5-hydroxytryptamine (5-HT) as well

as nitrate content were estimated in each of plasma, brain, testis and epididymis. Progesterone was

determined in testis and epididymis. The obtained results revealed that PM reduced testicular 5-HT,

epididymal NE and brain DA contents. Apart from testis and plasma NE, the NF mice showed reduction

in their brain and epididymal monoamines levels under influence of the three utilized toxicants. On the

other hand, the extent of the effects of each of these toxicants on PM mice was more or less similar to

that of NF mice, qualitatively and quantitively.  Exposure to each of the 3 toxicants was found to increase

the epididymal nitrate content, meanwhile PM reinforced such increase, especially in case of Piri., PM

induced a rise in the testicular progesterone content of mice exposed to Cd.

Key words: Protein malnutrition, Cadmium, Sulfasalazine, Pirimiphos methyl, monoamines, nitric oxide,

progesterone, testis, epididymis.

INTRODUCTION

Protein malnutrition (PM) is a serious public health

problem that leads to a substantial, but reversible,

reduction in the cholinergic innervations of the

hippocampal formation and to an irreversible loss of

hippocample cholinergic neurons . However, in this[1]

concern, little is known regarding the effects of chronic

feeding of low protein diet during the adulthood period,

and its interactions with industrial and environmental

toxicants that are capable of compromising fertility by

affecting hypothalamic-pituitary-testicular axis.

Sulfasalazine (Sulf) is a common drug used to treat

ulcerative colitis, Crohan disease  and rheumatoid[2 ]

arthritis . It is commonly pointed to, in the texts of[3]

reproductive medicine, as producing adverse effects on

spermatogenesis and on the male reproductive potential

. It was suggested that decreased sperm[4 & 5 ]

concentration and alteration of motility, while

contributory, may not be the primary causes of Sulf-

induced infertility, because the impairment of fertility

was observed, although sperm concentration and

motility were unchanged . Recently, the findings of[6]

Fukushima et al.  suggested that Sulf negatively[7]

affected the sperm maturation in the epididymis rather

than testis. Other studies showed that Sulf has

neuroprotective action which can be therapeutically

applied to halt devastating neural death following

neurodegenerative diseases .[8]

The gonad is considered the main target for

environmental toxins , among which Cadmium (Cd)[9]

is a neuroendocrine disruptor. It is able to modify the

basal activity of the testes . Its levels in air, water,[10-14]

soil and foods have been increased several folds in

many parts of the world, as a result of emissions from

industrial activities . Different studies have shown[14]

that Cd affects plasma gonadotrophin levels  as[15-17]

well as the contents of several neurotransmitters in

discrete areas of the brain that are not involved in the

regulatory mechanism of these hormones . [18-19]
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Another group of environmental toxins is the

organophosphate pesticides. The primary site of their

action is the central and peripheral nervous systems.

Sublethal doses of these pesticides lead to alterations

in reproductive performance in birds and mammals .[20-23 ]

There are several possible mechanisms for the

antigonadal actions of organophosphates. They exert a

direct inhibiting action on the testis. They may affect

the pituitary gland, causing changes in gonadotrophin

concentrations, with the subsequent spermatogenic

impairment. In addition, organophosphates may change

the concentration of neurotransmitters . Pirimiphos[24]

methyl (Piri), as one of these organophosphate

pesticides, has been reported to be detrimental to the

reproductive potential of male rats .[25-26]

Several lines of evidence support the role of

testicular innervations and peripheral catecholamines in

the control of male gonadal function  and the[27]

existence of a descending multisynaptic, pituitary-

independent, neural pathway between the hypothalamus

and the testis in the male rat . It was found that[28]

several biologically active substances are synthesized in

the testis and might participate in the local level of

control of testicular functions . Serotonin (5-HT) as[29-31]

one of these active substances is present in the testis

mast cells, which were found to be the major source of

5-HT in the rat testis and their number is related to 5-

HT concentration . Leydig cells as well contain and[32]

secrete 5-HT , which is an important regulator for[33]

leydig cell function . Serotonin could be involved in[34]

the local control of the testicular vasculature  and[35]

exerts a suppressive action on steroidogenesis in adult

rats . Norepinephrine (NE) is normally found in the[36]

capsule, interstitial cells and in the interstitial fluid in

physiologically relevant amounts. It is suspected to play

a role in the regulation of sertoli cell function . [37]

The epidydimis, the organ in which sperm undergo

final maturation, also as testis, receives autonomic

innervation that encompasses adrenergic, cholinergic

and non-adrenergic non-cholinergic systems . These[38]

autonomic innervations play significant roles in

epididymal functions and sperm reproductive capacity

. [38-43]

The above collectively pointed findings stimulated

our interest   for exploring the consequences of

interaction of PM and the chemically induced testicular

dysfunction on monoamine and NO contents in each of

brain, testis, epididymis and plasma.

MATERIALS AND METHODS

Animals: Adult male mice of the Swiss albino strain

aged 12-14 weeks and 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

kept under controlled conditions, having access to food

and water ad libitum . 

Diet:

Table (1):

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

prepared according to Reeves et al. .[44]

Doses Preparation and Routes of Administration:

Sulfasalazein (Sulf) was prepared as a suspension in

distilled water using carboxy methyl cellulose (0.25%).

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

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

(Cd) was administered as one single dose i.p, in a

concentration of 1 mg/kg using saline as a diluent. The

insecticide pirimiphos methyl (Piri) was diluted in

distilled water and given orally (5 ppm) daily for 30

days. 

Experimental Design: After an acclimatization period

of 7 days, mice were randomly assigned to groups fed

diets containing 20% or 8% casein ad libtum  for 3

weeks, before their exposure to the tested chemical

agents. These two diets contained the same amounts of

minerals and vitamins, as well as similar energy

density, which were achieved by addition of more corn

starch 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 3 subgroups that

received either of Sulf (150 mg/kg, p.o, daily for 28

days), Piri (5 ppm, p.o, daily for 30 days), Cd

(1mg/kg, one single dose i.p., 21 days).  Parallely, two

control groups receiving the vehicles, either distilled

water (H2O) or carboxy methyl cellulose (cc), were

conducted.

After 24 hr of last dosing, animals were sacrificed

by decapitation. The decapitation procedure was

completed within 5-10 sec to avoid stressor effect.

Trunk blood was collected in separated tubes

containing EDTA (60 g/L). Plasma was collected after
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centrifugation at 1500 g for 15 min. Brain, testis and

epididymis were rapidly excised and weighed. All

tissues and plasma samples were kept frozen at -20 C0

until determination of biogenic amines (DA, NE, and

5-HT) level and nitrate content. 

Amines M easurements: Each tissue was homogenized

in 10 volumes of ice-cold acidified n-butanol using a

glass homogenizer. The sample, weighing less than

300mg was homogenized in 3ml of acidified n-butanol.

For plasma, 3ml acidified n-butanol was added to

0.3ml plasma. The estimation of DA, NE and 5-HT

levels in the selected mice tissues were carried out

f l u o r o m e t r i c a l l y  u s i n g  R F - 1 5 0  S h i m a d z u

Spectrofluorophotometer, according to the method of

Ciarolone , which is based on estimating the DA and[45]

NE fluorophors formed after oxidation by iodine, and

measuring the  5 -H T  fluorophor fo rmed  by

derivatization reaction using orthophthalaldehyde.  

Nitric Oxide (NO) Determination:  The procedure for

NO determination, according to Miranda et al.  was[46]

based on the reduction of nitrate by vanadium (III)

3chloride (VCl ) combined with detection by the acidic

Griess reaction. Before NO estimation, plasma and

exudates were deprotenized. Two hundred µl of

absolute ethanol was added to 100 µl sample followed

by centrifugation at 3000 rpm for 5 min. Saturated

3solution of 200 mg VCl  (Sigma-Aldrich) was prepared

in 1 M HCl (25 ml) (ADWIC, Egypt). Excess solid

was removed by filtration, and the blue solution was

stored in the dark at 4°C. Griess reagents was

composed of 1:1 mixture of 0.1% N-(1-naphthyl)

2ethylenediamine (BDH) in deionized H O and 2%

sulfanilamide (Sigma-Aldrich) in 5% HCl and premixed

immediately prior to application. Each solution was

filtered to remove trace particulates. Experiments were

3performed at room temperature by adding 100 µl VCl

to 100 µl samples followed by rapid addition of 100 µl

Griess reagents (1:1:1). The absorbance at 540 nm was

measured using a spectrophotometer (Helios a

theromospectonic) following incubation period

(30–45min). The amount of NO in each sample was

determined using a standard curve generated with

known concentrations of nitrate standard solution and

expressed as nmol NO/mg tissue.

Progesterone Assay: Progesterone was assayed

according to the instructions by enzyme –linked

immunosorbent assay (Biosource Europe S. A.). 

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

Effects of PM  and the Three Tested Chemical

Agents on DA Levels in Each of Brain, Testis,

Epididymis and Plasma: The present data showed that

exposure to either of Sulf or Piri affected brain DA

content of NF mice more than that of PM mice. In this

context, brain DA content of NF Sulf-treated mice was

reduced by 42% (p<0.001), while brain DA content of

their corresponding PM mice was reduced by 28%

(p<0.001) as compared to their corresponding control

groups (fig 1). While Cd could reduce brain DA

content of PM mice more than NF mice by 25%

(p<0.001) and 18% (p<0.05), respectively as compared

to their corresponding control groups (fig.1). 

Administration of Sulf, Piri or Cd elicited an

approximately similar pattern of decrease in testicular

DA levels of NF mice by 33%, 28% and 27% and

those of PM mice 38%, 20% and 28%, respectively as

compared to their corresponding controls (fig.1). The

same effect was found in epididymal DA and such

decrements were ranging from 48% (p<0.001) to 55%

(p<0.001), as compared to their corresponding control

values (fig.1).

The results regarding plasma DA levels showed

that PM induced accentuated decrements in plasma DA

levels of mice treated with either Sulf or Piri or Cd to

reach 29% (p<0.001), 38% (p<0.001) and 49%

(p<0.001), respectively, while those of NF mice, the

decrements were 23.5% (p<0.001), 26%(p<0.001) and

36% (p<0.001), respectively as compared to their

respective controls.

Effects of PM and the Three Tested Chemical

Agents on Brain, Testicular, Epididymal and Plasma

NE Levels: Exposure of NF mice to either of Sulf, Piri

or Cd induced a significant decrease in their brain NE

content by 22%, 19%, and 13% as well as in their

epidid
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Fig. 1: Influence of protein malnutrition, sulfasalazein, primiphos and cadmium chlorid on brain testicular

epididymal and plasma dopamine levels.

a: significant from NF control group.

b: significant from PM non-treated group.

d: significant from the corresponding NF Piri-treated group.
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Fig. 2: Influence of protein malnutrition, sulfasalazein, primiphos and cadmium chlorid on brain testicular

epididymal and plasma norepinephrine levels.

Effects of PM  and the Three Tested Chemical

Agents on Brain, Testicular, Epididymal and Plasma

5-HT Levels: The results revealed that PM had no

influence on serotonin levels in the brain, epididymis

and plasma. However, it significantly reduced testicular

serotonin levels by 16-19% (p<0.05), as compared to

their corresponding NF control group (fig.3). 

The results in fig (3) shows that 5-HTcontents in

the tested organs of NF mice exposed to Sulf, Piri and

Cd were significantly reduced. In brain, the reduction

in serotonin levels was less than in plasma, where each

of Sulf, Piri, and Cd reduced the 5-HT levels in the

brain by 30%, 29% and 15.5% (p<0.001), respectively,

while they reduced plasma 5-HT levels by 56%, 37%
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and 58% (p<0.001), respectively, as compared to

control group (fig.3). On the other hand, the effects of

the three utilized chemical toxicants on testicular and

epididymal serotonin levels were comparably the same,

where Sulf, Piri and Cd reduced the testicular serotonin

levels by 53%, 54% and 48.5% (p<0.001), respectively,

and reduced the epididymal serotonin levels by 45.5%,

51% and 51% (p<0.001), respectively, as compared to

control group (fig.3).

The serotonin levels of PM mice exposed to either

of Sulf, Piri or Cd were decreased in the brain by

33%, 21% and 30% (p<0.001), respectively, in the

testis by 31%, 33.5% and 36% (p<0.001), respectively,

and in the epididymis by 53%, 61.5% and 67%

(p<0.001), respectively as compared  to  the

corresponding PM control group (fig.3).  However,

only Cd could reduced plasma 5-HT levels of PM mice

by 48% (p<0.001), as compared to PM control group

(fig.3).

Effects of PM  and the Three Tested Chemical

Agents on Testicular and Epididymal Progesterone

Levels: The present study revealed that the tested

chemical agents and PM had no influence on

progesterone content in each of testis or epididymis

(fig.4). However, the data showed that PM could

potentiate the effect of Cd on testicular progesterone to

be enforced by an increase reaching 359% (p<0.001) as

compared to PM control group (fig.4). 

Effects of PM  and the Three Tested Chemical

Agents on Brain, Plasma, Testicular and Epididymal

NO Contents: Administration of either of Sulf, Piri or

Cd as well as PM couldn’t induce any significant

changes in each of brain, testis and plasma nitrate

contents (fig 5).

The epididymal NO contents of NF mice exposed

to either of Sulf, Piri or Cd exhibited increases by

192%, 192% and 292%(p<0.05) as compared to the

control value (fig 5). Although PM didn’t induced

statistically significant increase in the epididymal NO

level, pre-exposure to PM could potentiate the increase

in epididymal nitrate contents induced by each of the

three utilized toxicants to reach about 2.5 fold in case

of Piri as compared to their respective NF-Piri exposed

group. 

Discussion: The gonad is considered the main target

for environmental toxins , and a great deal of[9]

evidence has been accumulated in recent years to

suggest that there has been a gradual increase in male

reproductive dysfunction. The present study is, to our

knowledge, the first that reports the effects of exposure

to chemical toxicants through adulthood, in presence of

PM, on biogenic monoamine levels (5-HT, NE, DA)

and NO content in different tissues, namely brain,

testis, epididymis and plasma. 

In the present study, the concentrations of different

monoamines were evaluated in different tissues. The

results revealed that the epididiymal DA, NE and 5-HT

contents were much higher than those of the other

tested organs, as DA and 5-HT comprised about 5

folds of that of testis, brain and plasma, while

epididiymal NE content comprised about 10 folds of

that of testis, brain and plasma.

The present data show higher concentrations of

monoamines in testicular homogenate of the control

groups of NF and PM than in plasma. These findings

agree with that of Mayerhofer et al. , who found[47]

that testicular NE content is higher than in plasma,

implying that NE level in the interstitial spaces of the

testis might be in the range of concentrations

effectively stimulating testosterone production in vitro

. In addition, the present study has demonstrated that[47]

the epididymal monoamine contents of control groups

of NF and PM (5-HT, NE, DA) are higher than in

other tissues (brain, testis and plasma). This result is in

consistent with Lakomy et al.  and Kempinas et al.[48]

, who found that the most abundant of noradrenergic[42]

innervations was found in the cauda epididymis of the

boar and mice. Indeed, the interpretation was that, the

genital organs having a thicker muscular coat (such as

vas deferens, cauda epididymis and seminal vesicle)

receive rather abundant amounts of noradrenergic

terminals and are apparently designed for a rapid,

forced ejection of their seminal contents . [49]

The present results concerning comparison of the

biogenic monoamine levels in the whole brain of NF

and PM adult mice are comparable to those previously

observed in our lab , where serotonin and NE were[50]

less affected and DA was significantly decreased under

the influence of PM. The effect of each of Sulf, Piri,

and Cd on brain monoamines levels, were found to be

neurodistruptors, they depress brain biogenic amines

level (5-HT, NE, DA).The reduction in the contents of

brain DA, NE and 5-HT, under the influence of Cd

exposure, in the present study, may be interpreted as

Cd disrupts the mechanism by which these

neurotransmitters modulate pituitary hormone secretion

. In addition, Lafuente et al.  concluded that, Cd[51] [51]

inhibits the activity of DA and 5-HT neurons in the

hypothalamus as indicated by the reduction in the

concentration and metabolism of both neurotransmitters.

Also, the reduction in NE content confirms the

inhibitory nature of the effect of Cd in the

hypothalamus. In this regard, the changes in brain DA,

NE and 5-HT could be related to the modulatory role

of these neurotransmitters on pituitary hormone

secretion .  Furthermore, Cardinali and Stern , [52-54] [55]
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Fig. 3: Influence of protein malnutrition, sulfasalazein, primiphos and cadmium chlorid on brain testicular

epididymal and plasma serotonin levels.

reported that the reduction in brain DA content might

account for a precursor role of this neurotransmitter in

the biosynthesis of NE that modulates autonomic

nervous system activity. These results showing that

brain DA, NE and 5-HT of NF and PM mice exposed

to Cd exhibited decreased concentrations, are consistent

with other studies in rodents .[51 , 56-62]

Pre-exposure to PM, in the present study, failed to

alter significantly the effect of either of the three

chemical agents may be due to the fact that the

neurotransmitters maintain a homeostatic plateau after

a constant toxic insult in the brain, this plateau is

achieved through changes in the metabolism of

neurotransmitters or in the density or sensitivity of their

receptors .[24]

Historically, the effects of autonomic innervation

on reproductive function were determined by removing

or reducing innervation (denervation) and subsequently

studying the ensuing effects. A classical approach was

used whereby major nerve pathways were surgically

sectioned or animals were systemically treated with

neuronal antagonists, such as the antihypertensive drug

guanethinidine. The subsequent effects of the loss of

innervation  on   reproductive   function   were  then
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Fig. 4: Influence of protein malnutrition, sulfasalazein, primiphos and cadmium chlorid on testicular and

epididymal progesteron levels of normaly fed and protein malnourihed mice.

ascertained . In addition, other studies by Bhathal et[43]

al.  and Ratnasooriya and Wadsworth , show the[63] [64-65]

rat epididymis to be significantly affected following

chemical sympathectomy.

The present study revealed that both PM and the

three utilized chemical toxicants have no influence on

testicular NE content. However, Sulf treatment

increased the testicular NE content of PM mice. NE is

known to play a role in the regulation of sertoli cell

function . Thus, such increase in testicular NE[37]

content of Sulf-treated PM mice may lead to sertoli

cell dysfunction resulting in infertility. Moreover, the

present study showed that there were concomitant

reductions in each of brain and testicular DA of both

NF and PM mice under the influence of  Sulf, Piri and

Cd, confirming that testicular denervation was found to

decrease capsular catecholamines and confirming the

neural origin of this amine as well . They induce[66]

denervation-like effect, especially on epididymis, where

they look like chemical denervation agents for

epididymis causing chemical sympathectomy of

epididymis .[63-65]

Nitric oxide (NO) is a neuromodulator in the brain

and peripheral nervous system . It is an important[67-68]

intracellular messenger that regulates various cellular

functions. NO has been reported to contribute in the

regulation of male reproductive function and fertility [69-

. NO synthase (NOS) is normally present within the71]

epididymis, seminal vesicles and testis and is located

within nerve fiber, epithelial cells, including leydig

cells and sertoli cells and vascular endotheeli .[69, 72-7 4 ]

In the contrary, it was found that in high motile human

sperms, the two isoforms, endothelial and neural NOS

were undetectable, whereas they were observed in low-

motile sperms .[75]

In this regard, the obtained findings revealed that

the estimated brain and plasma nitrate concentrations of

NF control mice (0.22 nmol/g and 0.25nm/ml,

respectively) were higher than those in testis and

epididymis (0.004 and 0.011 nmol/g, respectively).

These findings may be interpreted as these two organs

namely testis and epididymis which responsible for

sperm maturation must contain less level of  NO, as

the high concentration of NO affect sperm motility .[75]

Surprisingly, the present study showed that all of

the tested agents, namely Sulf, Piri and Cd induced

increases in the epididymal nitrate content of NF mice

and Pre-exposure to PM, enhanced such elevation by

each of the three chemical agents, which may affect

the sperm motility and could be another reason for

reproductive defects induced by these agents. The

influence of Sulf on epididymal nitrate content in this

study is in agreement with Fukushima et al. , who[7 , 76]

found that treatment with Sulf for 14 and 28 days

induced infertility was attributed to decreased sperm

motility and lower percentage of sperm that undergone

the acrosome reaction as well as reduction in mean

progressive motility . [77]

The epididymal NO increase in all treated group

might be attributed to the injury of epididymal tissues
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Fig. 5: Influence of protein malnutrition, sulfasalazein, primiphos and cadmium chlorid on brain testicular

epididymal and plasma nitrate content.

in relation to abundant reactive oxygen species

production and consequent migration of macrophages

and polymorphonuclear leucocytes to the region .[78]

NO radicals have been found to regulate multiple

biological functions in inflammation and in mediating

many cytotoxic and pathological events .[75 , 78-79]

Moreover, NO has a bimodal effect on sperm motility

whereby low concentrations of NO enhance sperm

motility, whereas high concentrations of NO decrease

it . This effect might be due to the dual nature[75 ,78-79]

of NO, which is a signal transduction molecule at low

concentration, while being cytotoxic at higher

concentrations .[75 , 78-79]

Although non of PM nor  any of the three utilized

toxicants  has any impact on testicular or epididymal

progesterone levels, PM mice exposed to Cd exhibited

a contraceptive like effect as there was about 4 fold

increase in their testicular progesterone levels. 

Collectively, all these changes in brain, testicular

and epididymal monoamines levels, epididymal nitrate

content and testicular progesterone levels may not be

the primary causes for infertility effect of these tested

toxic agents, but may be contributory.  

Globally, these data indicated that exposure to

either of Sulf, Piri, or Cd produced similar patterns of

impacts on the brain monoamines level of NF and PM
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mice, they act as neurodisruptors agents. Moreover

exposure to any of the three utilized chemical toxicants

differentially affects epididymal biogenic monoamines

and NO levels and that PM reinforced the increase in

the epididymal nitrate content induced by the three

utilized toxicants, especially with Piri as well as

potentiated the rise in the testicular progesterone level

in case of Cd. It is worth noting that; epididymis was

the target organ for these agents, acting as chemical

sympathectomy agents inducing denervation-like effect

on epididymis. 
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