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Sexual dysfunctions are common in the general population exposed to toxic elements
like lead.In the present study the toxic effect of lead on immunomodulation of
testicular macrophage was investigated experimentally. Innate immune system plays a
great role in the host defense system and is constituted by the macrophages. Testicular
macrophage when challenged with lead intoxication (in vitro), significant alteration in
morphology (18.7 ± 0.85%) from control group to (77.47 ± 1.3%) lead intoxicated
group was observed. Altered morphology in turn modulates the phagocytic index of
testicular macrophage and the effective killing of invading microbes becomes
insignificant. Myeloperoxidase is an important enzyme released from macrophage
responsible for oxidative killing of invading microbes, is also inhibited in lead
intoxicated testicular macrophages (15.9 ± 2.2 μM) to (72.9 ± 10.4 μM). Further nitric
oxide an important cell signaling enzyme release in response to foreign challenges
shows a significant decline in lead intoxicated testicular macrophages, which in turn
effects the pro-inflammatory cytokine TNF-α responsible for maintain the
immunoprivilege of the testis. These finding demonstrate that lead has a drastic effect
on morphology, innate immune responses, enzyme release and pro-inflammatory
response in testicular macrophage and subsequently lead to reproductive dysfunction
in male Swiss albino mice.
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INTRODUCTION
The immune system provides defense against the infectious
organisms and other invaders. The microbial community of
myriad species both infects the host body as well as inhabits
particular niche in the host body as commensal organisms. The
innate immune system constitutes the first line of host defense
against infection and therefore plays a vital role in the early
recognition and subsequent triggering of a pro-inflammatory
response to invading pathogens (Medzhitov and JanewayJr,
2000). Cells and proteins in the damaged tissue sense the
presence of infection and send out soluble mediatorscalled
cytokines that interact with other cells to trigger the innate
immune response. The overall effect of the innate immune
response is to induce a state of inflammation in the infected
tissue. However, the immune system deviates from its routine
functions in the immuno privileged organs like the testes, eyes
and brain. Unlike the latter two, immunoprivilegein the
testicular environment is maintained actively by the testicular
macrophages (Chakraborty et al., 2014). This protects the
young developing spermatozoafrom autoimmune attacks from
cellular immunity and tones down the immune functions of the
macrophages in the testes. Immunoregulatory functions against
invading microorganisms are also relegated to the testicular
macrophages, an intrinsic component of the innate immune
system (Krause and Naz, 2009).

Exposure of animals to lead and its derivatives in day-to-day
life are unavoidable due to its wide applications and usage.
Lead is widely used in industry for its malleability, resistance

to corrosion, and low melting point. Although lead is one of
the most useful metals, it is also one of the most toxic ones
(Shotyk and Le Roux, 2005). Many studies indicated that lead
can cause neurological, hematological, gastrointestinal,
reproductive, circulatory, and immunological pathologies
(Patrick, 2006), reproductive dysfunctions (Marchlewicz et al.,
1993). Role of macrophages in heavy metal induced
immunotoxicologic effect has been reported earlier (Bishayi et
al., 2004). In vivo studies have shown that lead is an
immunotoxicant depressing humoral immunity (Koller and
Kovacic, 1974; Luster et al., 1978), increasing host
susceptibility to bacterial infections (Hemphil et al., 1971;
Lawrence, 1981). In short, it affects adversely almost all the
systems of the body. Reproductive consequences of lead
exposure are widespread (Patrick, 2006), affecting almost all
aspects of reproduction (Zheng et al., 2003). Lead induces
decreased sperm count, motility and increased morphological
abnormalities in animals (Hsu et al., 1998; Hsu et al., 1997).
Lead is known to impede the male reproductive functions;
however the mechanisms through which the adverse effects are
mediated are not clearly elucidated (Thoreux-Manlay et al.,
1995). The present study attempts to evaluate the in vitro
modulation of morphology and functions of innate immune
responses, altered enzyme release and pro-inflammatory
response due to lead intoxication in murine testicular
macrophages and subsequent reproductive dysfunction in male
Swiss albino mice as a result of loss of testicular
immunoprivilege.

Available Online at http://www.recentscientific.com
International Journal
of Recent Scientific

ResearchInternational Journal of Recent Scientific Research
Vol. 5, Issue, 6, pp.1082-1086, June, 2014



International Journal of Recent Scientific Research, Vol. 5, Issue, 6, pp.1082-1086, June, 2014

1083 | P a g e

MATERIAL AND METHODOLOGY
Reagents

The following reagents were used: Collagenase Type IA,
DNase I, Tosyl (Na-ptosyl-L-lysine chloromethyl ketone),
Histopaque-1077 (SIGMA St. Louis, MO); RPMI 1640 (Gibco
Life Technologies, Grand Island, NY), fetal calf serum (FCS)
(SIGMA Aldrich); All other reagents were of analytical grade.

Isolation of testicular macrophages

Testicular macrophages were isolated following a slightly
modified procedure of Sikorski’s method (Sikorski et al.,
1991). Cell free culture supernatants were divided into two
groups one for control and another for lead acetate treatment
and lactate dehydrogenase (LDH) assay was performed.

Dose response study of lead on lactate dehydrogenase release
from testicular macrophages

The cytotoxicity of any heavy metal was determined by the
lactate dehydrogenase (LDH) assay. This assay was performed
to measures the activity of LDH released into the medium from
dead cell due to cytotoxicity of lead. Cell free culture
supernatants from lead (1,10,100,1000ng/ml)  treated testicular
macrophages were collected and the LDH release was
measured with a different of exposure time interval and
maximum lead cytotoxicity with the time interval was
measured. After that the cell free supernatant with the
calculated concentration and time period were used for
different assays.

Preparation of bacteria (Staphylococcus aureus) for
intracellular killing and phagocytosis assay

To obtain bacteria in the mid-logarithmic phase 100 μl of an
overnight culture made in nutrient broth was added to 10 ml of
nutrient broth and incubated for 2 - 5 h at 37°C with orbital
shaking. The bacteria were washed in 10 mM sodium
phosphate buffer (pH 7.4) and their concentration was
estimated by spectrophotometry at A620 on the basis of the
relationship: A620 0.2 = 5 × 107/ml (Yao et al.,1997).

Morphological Alteration

Testicular macrophages were taken in HBSS-BSA and fixed in
2.5% glutaraldehyde, centrifuged and the pellet resuspended in
HBSS. Smears were drawn on glass slides and stained with
Giemsa and observed under oil immersion microscope. Any
cell extensively smoothened surface were scored as polarized
and this was expressed as a percentage of the total number of
cells counted (Quet al., 1995).

Phagocytosis

Testicular macrophage was taken on glass slides. Non-
adherent cells were washed out with DPBS. Sheep
erythrocytes (sRBC) is added to the glass slides with adhered
macrophages, incubated and washed with DPBS. Slides were
fixed in methanol and stained Giemsa and observed under oil
immersion microscope. Phagocytosis index was calculated
sRBC (average no. of SRBC per macrophage × 100)
(Czuprynski et al., 1984).

Myeloperoxidase (MPO) Release Assay

Cell suspension was taken, stimulated with LPS and
centrifuged. The supernatant was collected in separate

microcentrifuge tubes. Supernatant and cell lysate were
allowed to react with orthophenylenediamine (OPD) substrate
and readings were taken at 492 nm in a spectrophotometer
(Bos et al., 1990).

Nitric Oxide (NO) Release Assay

Testicular macrophages were suspended in DPBS-BSA and
were stimulated with LPS. The cell free supernatant was used
for nitric oxide release assay using Griess reagent. Readings
are taken in a UV spectrophotometer at 550 nm (Sasaki et al.,
1998).

Cytokine Assay: TNF-α

Testicular cells were separated by density gradient
centrifugation. Then testicular macrophages were obtained by
adherence to plastic surface. A number of 1 X 105 viable cells
in 0.2 ml RPMI 1640 medium supplemented with 5% FCS
were distributed in microwells in flat 96 well microtitre plates
and, after 24 h culture, supernatants were collected. Cytokine
concentrations in culture supernatants were measured by
sandwich ELISA estimating TNF-α using RayBio-mouse
TNF-α ELISA kit. Biotinylated monoclonal secondary
antibodies were used. The reaction was stopped with 3 M
H2SO4 and the optical density of each well was measured in a
96- well plate reader at 492 nm. All determinations were done
in triplicate. Standard curves were generated by recombinant
mouse cytokines. Lower density limits were 10 pg/ml (TNF-
α).

Statistical Analysis

The data were expressed as mean ± standard deviation. Data
were analyzed using Student’s t-test (two-sample assuming
unequal variances) for determining the significant changes
over control values. The significance level was set at P < 0.05=
P* and P < 0.001= P**.

RESULT

Dose response study in lactate dehydrogenase (LDH) release
from lead intoxicated testicular macrophages

The toxicity of testicular macrophage is measured by dose-
effect experiments with reference to cell survival and integrity
of cell membrane as determined by LDH release by the cell. In
lead intoxicated testicular macrophage 100 ng/ml
concentration is found to have minimum cytotoxicity (LDH
release) (Fig: 1a) with an exposure time of 30 min (Fig: 1b).
Cell viability in control and lead treated group was checked by
trypan blue dye exclusion technique in the testicular
macrophages and it is found that at 100 ng/ml concentration
more than 90% cells were found to be viable.

Effect of lead on morphological alteration of testicular
macrophages

Morphology of macrophage plays an important role in the
immunological function. To assess the effect of lead on the
testicular macrophages study of morphological alteration of
macrophages was performed.

It was observed that lead intoxicated testicular macrophage
shows a significant deviation in morphology from 18.7 ±
0.85% to 77.47 ± 1.3% (Fig: 2; P**).



International Journal of Recent Scientific Research, Vol. 5, Issue, 6, pp.1082-1086, June, 2014

1084 | P a g e

Effect of lead on phagocytic capacity of lead intoxicated
testicular macrophages

In order to determine whether there was any alteration in
phagocytic capacity due to altered morphology of testicular
macrophages by lead intoxication, the phagocytosis of heat
killed S. aureus by macrophages was assayed. Result shows a
marked decrease in the phagocytic index from control
26333.33 ± 1452.966 to 6666.667 ± 666.66 after lead
intoxication (Fig:3; P**).

Effect of lead on myeloperoxidase (MPO) release of
testicular macrophages isolated from lead intoxicated male
Swiss albino mice

Activation of macrophages with bacterial cell wall
lipopolysaccharide (LPS) begins to express high levels of
myeloperoxidase (MPO) enzyme. MPO decreases the free
radical levels in our system. MPO release assay was performed
to evaluate the effect of lead exposure on the release of this
enzyme after LPS stimulation. Significant decrease in MPO
released (μM) was observed. MPO released from the control
group with LPS stimulation, showed a value of 72.9 ± 10.4 μM
and 15.9 ± 2.2 μM in lead treated group (Fig. 4; P*).

Effect of lead on nitric oxide (NO) release of testicular
macrophages isolated from lead intoxicated male Swiss
albino Mice

Macrophages, when activated with bacterial LPS, begin to
express high levels of nitric oxide synthase which oxidizes L-
argininine to yield citrulline and nitric oxide (NO). Nitric oxide
plays an important part in killing the microbial pathogen inside
the macrophage itself and also by forming microbicidalslike
peroxynitrites and hypochlorites. Result shows that lead causes

a significantly marked decrease in nitric oxide release from
control 6.2 ± 1.45 to 3.6 ± 1.9 to lead treatment (Fig. 5; P**).

Effect of lead on pro-inflammatory cytokines release of
testicular macrophages

Testicular macrophages are possible source of pro-
inflammatory cytokines. TNF-α is a multifunctional cytokine
with affects not only the pro-inflammatory response but also
immunoregulation. The present study shows that lead (Pb)
intoxication elevate TNF- α levels from 182 ± 1.47 to 322.33 ±
1.25 (Figure 6; P**) results in inflammation and consequently
leads to immunosuppression.

DISCUSSION
Reproductive hazards from metal exposure in males are one of
the fastest growing areas of concern in the field of toxicology
today. Sexual dysfunctions are common in the general
population exposed to toxic elements like heavy metals. Lead
is a heavy metal that can be toxic when introduced into the
human and animal bodies by ingestion on inhalation. It causes
various destructive effects (Gennart et al., 1992). In humans,
increased level of lead causes many serious diseases and
dysfunction of organs (McGregor and Mason, 1990).

Killing mechanism by macrophages is very closely related
with the adherence capacity of macrophage to the foreign
body. Macrophages adhere to the foreign particle by means of
dendritic extensions. However intensive rough surface or
almost spherical macrophages can be considered as altered
macrophages because after encountering with the antigen, the
macrophages must have optimal dendritic surface morphology.
The deviation fromthe normal shape of macrophages may be
the cause of reduced functional status of testicular
macrophages. Lead intoxication may lead to alteration in the
expression of cell adhesion molecules, chemokine receptors
etc. on the macrophages surface which further alters the shape
and orientation of macrophages, indicate decreased functional
potency of the macrophages.

To elucidate immunomodulatrory effect of lead intoxication,
cell function studies like phagocytosis were performed.
Exposure of organism to bacterial infection results in the
activation of variety of host defense mechanism such as
phagocytosis. Contact between pathogen and phagocytic cell is
essential for initiation of phagocytosis. The present study
shows that lead intoxicated group has a decrease phagocytic
index as compared to control group, suggesting that lead

Fig. 1 % LDH release from murine testicular macrophages treated
with lead (In-vitro) (a) indifferent concentrations

and (b) with respect to time.
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Fig. 2 In-vitro study of effect of lead on the morphology of testicular
macrophages in adult male

Swiss albino mice.
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somehow damage the membrane integrity of the macrophage,
so that the pseudopodia are unable toattach with the foreign
particle in forming a functionally potablephagosomeor
effectively carry out phagocytosis of the invading
microorganisms.

The possible mechanism for increased survival of S. aureus in
lead intoxicated macrophages is probably the inactivation of
both oxygen dependent or oxygen independent killing
mechanism of macrophages. To understand the mechanism,
two important parameters myeloperoxidase and nitric oxide
release from macrophage from both control and treated groups
were analyzed.

A number of antimicrobial and cytotoxic substances are
released by the macrophages on activation, which are
responsible for the intracellular destruction of phagocytized
micro-organisms. Activation of macrophages with bacterial
cell wall lipopolysaccharide (LPS) begins to release high levels
of myeloperoxidase (MPO) enzyme. MPO also decreases the
free radical level in our system. It is observed that in the lead
treated group the myeloperoxidase release significantly
decreased in lead intoxicated group ascompared to control
group. Thus it suggests that lead inhibits the release of
myeloperoxidase which further decreases the immune
competence and increase the oxidative stress in testicular
macrophages.

When macrophages are activated with bacterial cell wall
lipopolysaccharide, they begin to express high levels of nitric
oxide synthase, which oxidizes L-arginine to yieldcitrulline
and nitric oxide (Chakraborty and Sengupta, 2013). Nitric

oxide synthase is an important effector molecule involved in
immune regulation and defense mechanism. NO itself has
potent antimicrobial effect and plays a significant role in
killing of phagocytisized microorganism within macrophages.
NO also hasa role in cell signaling, vasodilation and eliciting
the cardinal responses of inflammation. Significant decrease in
nitric oxide release was observed in lead treated testicular
macrophages as compared to control suggesting further
immunomodulatory effects, impeding likely with crucial cell
signaling processes.

Testicular expression of the proinflammatory cytokines TNF-α
was considerably enhanced with lead exposure. The pro-
inflammatory cytokine TNF-α in the testis is produced by
round spermatids, pachytene spermatocytes, and testicular
macrophages. The TNF receptor has been found on Sertoli and
Leydig cells and numerous studies suggest a paracrine mode of
action for TNF-α in the normal testis. The presentstudy
revealed that release of TNF-α increases with the lead
treatment. This TNF-α is probably unable to bind with the
surface receptor in testicular macrophages because of altered
morphology which reduces immunoregulatory cell function
and ultimately causes reproductive dysfunction. The increased
TNF-α rather induces inflammatory damage to the testicular
macrophages by an autocrine mechanism as evident from the
loss of immune function.

Exposure of male mice to lead acetate resulted in alteration in
morphology of testicular macrophages and reduced phagocytes
is index of testicular macrophages which indicates that the lead
treated groups are more prone to infection, as they cannot
phagocytose efficiently and hence, cannot clear out the
invading microorganisms. The results of this study strongly
suggest that exposure to the heavy metal lead in the form of

Fig.  3 In-vitro study of effect of lead on phagocytic capacity of testicular
macrophages in adultmale Swiss albino mice.

Fig. 4 In-vitro study of effect of lead on myeloperoxidase enzyme release
from testicularmacrophages in adult male Swiss albino mice.
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Fig. 5 In-vitro study of effect of lead on nitric oxide release from
testicular macrophages isolatedin adult male Swiss albino mice.

Fig.  6 In-vitro study of effect of lead on pro-inflammatory cytokine
release (TNF-α) fromtesticular macrophages isolated in adult male

Swiss albino mice.
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lead acetate had severe effects on testicular macrophages, both
morphologically and functionally.

CONCLUSION
The present experimental findings established that the toxic
potential of lead is overtly manifested in the testicular
macrophages which in turn drastically impede the reproductive
milieu of the rodents, which may bear particular significance in
heavy metal induced loss of testicular immunoprivilege and
immune infertility in male.
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