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Lead is one of the elements that can be described as purely toxic. Lead displaces biologically important metals 
interfering with a variety of body's chemical reactions. A variety of environmental contaminants including heavy metals 
interfere the endocrine axis of fish. Lead is reported with endocrine disruptive potential. Lead affects the hypothalamus 
pituitary gonadal axis at multiple sites. In the present work an effort is made to explore qualitative changes in the 
pituitary gland cell types of Cirrhinus mrigala after an acute and chronic exposure to lead. The study revealed the toxic 
effects of lead on endocrine functions of a teleost which further affects the fecundity of fish.   The present study provides a 
manifold confirmation on the endocrine disrupting effects of lead in fish.
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INTRODUCTION 
Lead is oldest and versatile common metal. It has a long 
environmental persistence and never loses its toxic potential 
if ingested. The toxic effects of lead have been reported for 
over 2000 years in both humans and animals [1-2]. Recent 
reports indicated that lead can cause neurological, 
gastrointestinal, reproductive, circulatory, immunological, 
histopathological and histochemical changes in the animals 
[3-5]. Lead displaces biologically important metals such as 
calcium, zinc and magnesium interfering with a variety of 
body's chemical reactions. Low levels of lead pollution could 
cause some adverse effects on fish health and reproduction 
[6-7]. The endocrine master gland pituitary is a complex 
neuroepithelial structure. The teleostean pituitary varies in 
the organization, arrangement and orientation of its different 
components from species to species. The anterior, 
intermediate, and posterior lobes of the pituitary gland act as 
separate entities and distinct cell populations, secretory 
products and regulatory mechanisms characterize each. The 
morphological, histological and histochemical studies on the 
pituitary gland of Cirrhina mrigala Lal et al. [8]. gave a view to 
gain insight into seasonal changes in cellular composition of 
pituitary gland. Studies on fish pituitary glands proved that 
many physiological functions like growth, reproduction, 
reproduction related behavior, instinct for nitrification, 
regulation of body electrolyte balance and gonad 
development are controlled by hormones that are released 
from the pituitary gland, in the same way that it functions in 
mammals [9-10]. The pituitary gland contains highly 
differentiated and committed cells which synthesize unique 
hormone products. Different cell types of pituitary progress 
after initial patterning only after the induction of specific 
transcription factors [11-12]. 

The gonadotropes vary depending on the moment of the 
reproductive cycle, age and sex of the animal. Seasonal 
changes in the gonadotropes during the annual reproductive 
cycle have been reported in fish [13-15]. A variety of 
environmental contaminants including heavy metals 
interfere the endocrine axis in fish [16-17]. Heavy metals such 
as lead, cadmium, arsenic, nickel, zinc and mercury are also 
reported to have an endocrine disruptive potential. Pb 
contamination may alter endocrine regulated processes such 
as longevity, development, sexual receptivity, fertility and    
locomotion [18]. Gonads of teleosts are affected by lead 
pollution which thereby affect reproductive behaviour [19]. 
Secretary activity of pituitary has been shown to be affected 
by metals [20] and is proved to be a soft target for cadmium. 
Female rainbow trout exposed to lead reduced the mean 
number of basophil responsible for GTH production [21]. Pb 
affects the hypothalamus-pituitarygonadal axis at multiple 
action sites Ronis et al., [22] and causes reproductive 
impairment [23]. Various heavy metals are often present in the 
same polluted environment at the same time, studies of their 
interactive effects on gonadal activity would be more 

meaningful. Considering all these evidences, the present 
work was undertaken to investigate the changes in pituitary 
gland of C. mrigala after an acute and chronic exposure to 
lead acetate.

MATERIALS AND METHOD:
C. mrigala (70-72g weitht and 19-20cm length) irrespective of 
sex were collected from reservoir at Kalambe village near 
Kolhapur, Maharashtra, India. Fishes were acclimatized for 15 
days to laboratory conditions. The laboratory water was 
analyzed for different physico-chemical parameters (APHA, 
2010) and for lead. LC50 for lead acetate was statistically 
determined [24]. Well acclimatized fishes showing no signs of 
stress were selected and divided into three groups of ten each 
for exposure to toxicant. The first group served as a control 
and other two groups were exposed to sublethal 

thconcentrations of lead acetate. A dose of 28.2 ppm (1/10  of 
thLC50) and 14.1 ppm (1/20  of LC50) of lead acetate was 

administered to experimental group daily for 30 days. The 
experiment was carried out in replicate both for acute (96 
hrs.) and chronic (30 days). Immediately after completion of 
exposure period the fish of both the sexes were decapited to 
locate pituitary gland. The pituitary gland was fixed in Bouin's 
fluid for 48 hours with a change    after 24 hours. Fixed tissues 
were processed for sectioning. The sections of pituitary gland 
were stained with Azan Heidenhain method for identification 
of the pituitary cell types, because the Azan stain intensifies 
the differences between acidophils, basophils and 
chromophobes. Azan' Stain, Mallory Heidenhain's [25] 
staining of Pituitary gland was followed.

Immunohistochemisty for pituitary gland:  
Preparation of working solution Phosphate Buffered Saline 
(PBS): 

To 800 ml of double distilled water in a flask 8 gm NaCl, 0.2g 
KCl, 1.44g of Na HPO  and 0.25g of KH PO  were added and 2 4 2 4

dissolved. The pH of solution was adjusted to 7.4 with 1M HCl. 
The solution was poured in a volumetric flask and final volume 
was made to 1liter. 44 0.05 % Diaminobenzedine 
tetrahydrochloride (DAB) in 0.015 % H O : 50 mg DAB 2 2

(Diaminobenzedine tetrahydrochloride) in 100 ml PBS added 
with 250 µl 6% H O . Source and working dilutions of antisera 2 2

Anti-chorionic Gonadotropin (alpha + beta subunits) (HCG) 
antibody produced in rabbit (Sigma Aldrich, product number 
C8534) was used as primary antibody. The primary antiserum 
was diluted with PBS at dilution of 1:100.

Anti-Rabbit IgG –Peroxidase produced in goat (Sigma-
Aldrich, product number Ao545) was used as secondary 
antibody. The secondary antibody was diluted with PBS at a 
dilution of 1:400. For immunohistochemical analysis, pituitary 
tissue sections were immunostained by using anti-human 
chorionic gonadotropin (a and B chain) developed in rabbit 
as a primary antisera and anti-rabbit IgG peroxidase 
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produced in goat as secondary antisera. To confirm the 
specificity of the immunoreactive procedures, adjacent 
sections were validated according to the steps, but the 
primary antiserum was replaced with PBS or normal 
secondary antibody (instead of primary antiserum). 
Following immunostaining, the sections were examined and 
documented using image.

RESULTS AND DISCUSSION
A-1) Control Pituitary Gland: The control pituitary gland 
showed a spherical appearance. Histologically the gland 
showed two distinguished components adenohypophysis 
and neurohypophysis. The typical three regions of 
adenohypophysis RPD, PPD and PI were recognizable. The 
RPD showed smaller but distinct acidophils. The PPD was 
populated by small gonadotropes. Thyrotropes and 
somatotropes were also observed. The gonadotropes were 
without secretary granules (Fig. 1 (1, 2, 3)). 

A-2) LC0: The examination of pituitary gland after exposure to 
LC0 concentration (250ppm) of lead acetate for 96h, showed 
similar organization of the cells like control. However, the 
population of all types of cells appeared to be decreased. The 
abundance of gonadotropes was reduced. Penetration of 
thick nerve fibres was noticed in PI. (Fig. 1 (4, 5, 6)).

 A-3) LC50: The examination of pituitary gland after exposure 
to LC50 concentration (282ppm) of lead acetate for 96h 
showed altered organization. Acidophils in RPD and PPD were 
dense. However, the basophils, gonadotropes and 
thyrotropes were both, less active and reduced in size. Loss of 
cells at certain regions (PPD) and vacuolization was noticed 
(Fig. 1 (7, 8, 9).

Figure 1: Microphotograph of pituitary gland of C. mrigala 
exposed to different concentrations of lead acetate (1-3: 
Section of pituitary gland of C. mrigala from control group 
(400X)., 4-6: Section of pituitary gland of C. mrigala exposed 
to LC0 concentration of lead acetate (400X). (Arrow in 5 
indicates vacuolization and 6 shows vacuolization.). 7-9: 
Section of pituitary gland of C. mrigala exposed to LC50 
concentration of lead acetate (400X). (Arrow in figures 
indicates vacuolization in cells and separation of cells.), 10-
12: Section of pituitary gland of C. mrigala exposed to 1/20th 
of LC50 concentration of lead acetate (400X). (Arrow in figure 
10 indicates dilation in nerve fibers.), 13-15: Section of 
pituitary gland of C. mrigala exposed to 1/10th of LC50 
concentration of lead acetate (400X). (Arrow in 13 indicates 
vacuolization, in 14, it indicates alterations in compact 
arrangement of cells while in figure 15, it indicates 
appearance of cystic structure.) In figures, G – Gonadotropes. 

M – Melanocyte, PI – Pars intermedia, T – Thyrotropes, S – 
Somatotropes.

A-4) Chronic: Chronic effect of 1/20th (14.1ppm) of LC50 
concentration of lead acetate for 30 days has shown 
disintegration in the glandular parts. The compact 
arrangement and dense population were altered and a scarce 
population of each type of cell was observed. Gonadotropes 
appeared to be rare. Loss of nuclei from different cells was 
common. Cytoplasmic degranulation in some of the cells was 
also noticed. Atrophy and weak reactivity with the dyes was 
observed. The RPD and PPD demarcating cleft was prominent. 
Disintegration of cells at certain regions was seen. Small 
cystic structures filled with a proteinaceous colloid like 
material were seen. Pituitary showed small cystic lesions in 
Rathke's cleft (Fig. 1 (10, 11, 12)). 

The exposure at 1/10th (28.2 ppm) of LC50 concentration of 
lead acetate for 30 days showed intense effects as compared 
to exposure to 1/20th (14.1ppm) of LC50 concentration. 
Alterations in compact arrangement and dense population 
were extreme (Fig. 1 (13, 14, 15)). Number of all types of cells 
were decreased. Vacuolization, loss of structural integrity in 
PPD cells was observed. Presence of large intercellular 
spaces between cells of pituitary gland suggested that the 
cells are atrophic and the gland is structurally impaired. Small 
cystic structures filled with a proteinaceous colloid like 
material were seen in PPD. The cystic structures may be due to 
inflammation of gonadotropes. Pituitary also showed small 
cystic lesions in Rathke's cleft.

Immunohistochemistry of pituitary gland after exposure to 
heavy metals 

A) Changes in pituitary gland after exposure to heavy metals - 
The normal histological structure and changes induced by 
lead acetate in pituitary gland of C. mrigala at acute and 
chronic concentrations are shown by immunohistochemical 
means in Fig. 2.

B) A-1) Control Pituitary Gland: The control pituitary gland 
showed a spherical appearance. 

Figure 2: Microphotograph of pituitary gland of C. mrigala 
exposed to different concentrations of lead acetate 
(Demonstration by immunohistochemistry) 1-3: Section of 
pituitary gland of C. mrigala from control group (400X). 4-6: 
Section of pituitary gland of C. mrigala exposed to LC0 
concentration of lead acetate (400X). 7-9: Section of pituitary 
gland of C. mrigala exposed to LC50 concentration of lead 
acetate (400X). 10-12: Section of pituitary gland of C. mrigala 
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th exposed to 1/20 of LC50 concentration of lead acetate 
(400X). 13-15: Section of pituitary gland of C. mrigala exposed 

thto 1/10  of LC50 concentration of lead acetate (400X). (Arrow 
in all figures indicates immunoreactivity.)

Histologically the gland showed two distinguished 
components adenohypophysis and neurohypophysis. The 
typical three regions of adenohypophysis RPD, PPD and PI 
were recognizable. The RPD showed smaller but distinct 
acidophils. The PPD was populated by small gonadotropes. 
Thyrotropes and somatotropes were also observed. The 
gonadotropes were without secretary granules. The 
gonadotropes showed immunoreactivity with anti HCG. The 
reactivity was moderate (Fig. 2 (1, 2, 3)). 

C) A-2) LC0: The examination of pituitary gland after 
exposure to LC0 concentration (250ppm) of lead acetate for 
96h, showed similar organization of the cells like control. 
However, the population of all types of cells appeared to be 
decreased. The abundance of gonadotropes was reduced. 
The immunoreactivity (Fig. 2 (4, 5, 6)) was reduced as 
compared to control. 

D) A-3) LC50: The examination of pituitary gland after 
exposure to LC50 concentration (282ppm) of lead acetate for 
96h showed altered organization. Acidophils in RPD and PPD 
were dense. However, the basophils, gonadotropes and 
thyrotropes were both less active and reduced in size. 
Immunoreactivity was reduced as compared to control. (Fig. 2 
(7, 8, 9) 

thE) A-4) Chronic: Chronic effect of 1/20  (14.1ppm) of LC50 
concentration of lead acetate for 30 days has shown 
disintegration in the glandular parts. The compact 
arrangement and dense population of gonadotropes was 
altered and a scarce population was observed. Atrophy of 
gonadotropes was seen. Atrophy resulted in weak reactivity 
with the antibodies. There was a considerable reduction in 
immunoreactivity of gonadotropes (Fig. 2 (10, 11, 12). Small 
cystic structures filled with a proteinaceous collide like 
material were seen. Pituitary showed small cystic lesions in 

thRathke's cleft. The exposure at 1/10  (28.2ppm) of LC50 
concentration of lead acetate for 30 days showed intense 

theffects as compared to exposure to 1/20  (28.2ppm) of LC50 
concentration. Alterations in compact arrangement and 
dense population were extreme. Number of all types of cells 
decreased. Vacuolization, loss of structural integrity in PPD 
cells was observed. Presence of large intercellular spaces 
between cells of pituitary gland suggested that the cells are 
atrophic and the gland is structurally impaired. Small cystic 
structures filled with a proteinaceous colloid like material 
were seen in PPD. The cystic structures may be due to 
inflammation of gonadotropes. Pituitary also showed small 
cystic lesions in Rathke's cleft. The alterations produced due 
t o  l e a d  a c e t a t e  e x p o s u re  re s u l t e d  i n  re d u c e d 
immunoreactivity in the pituitary gland (Fig. 2 (7-15)).

DISCUSSION
Absorption of lead through different organs in fish may lead to 
high mortality and cause many biochemical and histological 
alterations in survived fish [26]. The gonads of teleosts are 
affected by lead followed by alterations in reproductive 
behaviour [27]. Puntius conchnofus exposed to copper, zinc 
and lead resulted in disappearance of oocytes from the 
ovaries [28] by inducing atresia in ovary [29].

Detection of causes of fish mortality after exposure to lead 
need studies on central  nervous system [30]. Pb 
contamination may alter endocrine regulated processes such 
as longevity, development, sexual receptivity, fertility and 
locomotion [31]. Gonads of teleosts are affected by lead 
pollution which thereby affect reproductive behaviour 
(Weber, 1993). Lead accumulation in brain of some fish 
species resulted in decreased reproductive potential due to 

alteration in hypothalamohypophyseal ovarian function [32-
33]. Zn, Pb, Hg and As interfere with sex hormones and 
adrenal cortex hormones steroidogenesis to alter 
reproduction and sex differentiation [31]. Effects of Pb on 17B-
estradiol, testosterone and cortisol are biphasic, with 
stimulatory effects after low level exposure and inhibitory 
effects after high level exposure [34]. Heavy metals, such as 
arsenic, cadmium, copper, lead and mercury are known 
aquatic toxicants and cause deleterious effects on density, 
diversity and productivity of aquatic organisms [35]. 
Reproductive effects of heavy metals in combination have 
received little attention [36]. Various heavy metals are often 
present in the same polluted environment at the same time, 
studies of their interactive effects on gonadal activity would 
be more meaningful. 

Exposure to cadmium chloride in catfish Clarias batrachus 
caused a significant increase in the ACTH cells, while 
thyrotropin and gonadotropin secreting cells showed 
inactivation and accumulation of secretory products [37]. 
Chromium induced impact on the pituitary ovarian axis has 
been demonstrated [38]. Deleterious effects of cadmium on 
the pituitary gland were reported by Pundir and Saxena 
(1992) [39]. It is reported by Kumari and Gopal (1991) [40] in 
Puntius sarana that high concentrations of CdCl  influence the 2

pituitary gonadotropes by bringing about gradual 
accumulation of secretory granules. Pituitary secretory 
activity is affected by metals [41]. This endocrine gland is 
particularly sensitive target to cadmium toxicity [42]. Pundir 
et al. [43] studied pituitary gland of fish Puntius ticto after 
chronic exposure to cadmium. Further, loss of structural 
organization and change in shape and size of pituitary gland 
was reported. Prominent vacuolization was displayed by PPD 
cells. Singh et al. [44] studied pituitary gland of 
Heterpneustes fossilis in response to cythion and hexedrin 
treatment. Observations were similar in agreement with 
Pundir. et al [43] studied the pituitary gland of rainbow trout 
Salmo gairdneri fingerlings in response to hypotonic 
environment and thiourea and reported cellular lysis and 
vacuolization. Remarkable changes in pituitary gland and 
inflammation of pituitary gland of Puntius ticto exposed to 
weedone were observed by Verma et al., [45]. Gradual 
accumulation of secretary granules in gonadotropes was 
reported in cyprinid fish Puntius sarana exposed to high 
concentration of cadmium chloride [56]. Ronis et al., [46] 99 
showed alterations in pituitary activity due to metals. 
Cadmium showed a cytotoxic effect on the gland with an 
evident alteration in adenohypophyseal cells. Murrel and 
walking catfish exposed to 10-50 µg/l of methyl mercury, 
inorganic mercury or a mercurial fungicide and smaller, 
inactive and fewer gonadotropes were reported, in both 
species [47]. Atrophic changes of the pituitary corticotropes 
in cortisol impaired fish from sites contaminated with heavy 
metals were shown by Hontela et al., (1992) [48]. The reduced 
cell size, reduced cell area and presence of large intercellular 
spaces indicate the atrophy and structural impairment. 
Hontela, (1997) [49] observed structural and functional 
impairement of pituitary in fish exposed to craft mill effluent 
with smaller corticotropes and larger intercellular spaces in 
the exposed fish. Favorito (2010) [28] suggested a direct 
correlation between accumulation of cadmium in the brain 
and alteration of the normal occurance and distribution of the 
corticotropes, lactotropes and gonadotropes cells and their 
secretary activity. Hachfi and Saklym (2010) [50]. reported 
that cadmium could be the toxicant principally acting on 
hypothalamic pituitary axis. Simultaneous exposure to 
cadmium and lead lower the membrane fluidity in pituitary 
gland. It affects the membrane function and cause alterations 
in receptor binding and secretary mechanisms of pituitary 
hormones (Pillai et al., 2002) [51]. In general, a number of 
trace elements have been shown to have a negative effect on 
endocrine function in fish. Ruby et al. (2000) investigated the 
effects of lead exposure on sexually maturing female rainbow 
trout. Fish exposed to 10 µg/L of waterborne lead (Pb (NO ) ) 
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during the period of recrudescence had significantly lower 
thGSIs and oocyte diameters than control fish on 12  day. In 

addition, Ruby et al. (2000) assessed the effect of lead on the 
pituitary gland, the source of GTH. They found that the mean 
number of GTH producing granular pituitary basophils was 
lower in lead exposed females than in controls, suggesting 
the site of action of lead may be the pituitary. Thomas (1988) 
administered lead to Atlantic croaker in the diet (1.34 mg/70g 
fish/day). After 30 days, the GSI in the croaker was only 32 
percent of controls. The exposure to lead also resulted in 
lower circulation. Cadmium has been associated with 
elevated levels of E2 and enhanced gonadal growth in female 
Atlantic croaker (Micropogonias undulatus). 

In the present study, the pituitary gland of C.mrigala after 
exposure to lead acetate showed decrease in abundance of 
cellular population and distinct vacuolization in PPD cells. 
Smaller, inactive and fewer gonadotropes were observed in 
pituitary gland of treated fish. The results indicated the 
gonadotropes were primary targets of Pb toxicity [59]. 
Hontela et al., (1992), Kumari, M., Gopal, N. H. (1991), Favorito 
(2010) [34] in which toxic effects of Pb on pituitary gland were 
investigated. Thus, it is possible that small, inactive and 
structurally altered gonadotropes are a toxic response to the 
stress induced by Pb.

CONCLUSIONS
Results from the present study demonstrate that the 
gonadotropes of Cirrhinus mrigala were the primary targets 
of Pb toxicity. Pb toxicity could disturb the pituitary gonadal 
cycle by structural  and funct ional  al terat ions in 
gonadotropes. The alterations in histology of different regions 
were correlated with the intensity and time of exposure to the 
toxicant. The histopathological studies with Azan staining and 
immunohistochemistry revealed that the sub lethal 
concentrations of xenobiotics like lead causes deleterious 
effects on pituitary gland of C. mrigala. Undesirable changes 
in gonadotropes may further lead to changes in gonadotropin 
levels. The present studies strongly suggest that lead may 
exert endocrine disruptions impairing the gonadotropes 
necessary for reproduction.
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