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IntroductIon

Knowledge of normal levels of trace elements 
(Cd, Pb, Hg, Cu, Zn, and Se) in the population serves, 
among others, in design of regulations concerning 
health protection, determination of exposition limits 
and prevention of diseases caused by deficiency of trace 
elements (Benes et al., 2002). Essential metals can affect 
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aBstract

lead (Pb) and mercury (Hg) are reproductive and developmental toxicants even at very low doses. the general objective of this 
study was to examine the secretory activity of porcine ovarian granulosa cells of pregnant sows after the lead and mercury in 
vitro administration. ovarian granulosa cells were incubated with/without lead acetate, mercury chloride and follicle-stimulating 
hormone (FSH) for 18 hours. A maximal dose of Pb(CH3Coo)2.3H2o/ HgCl2  was 0.5 mg ml-1; group A - 0.25 mg.ml-1,  group B 
- 0.083 mg.ml-1, group C - 0.063  mg.ml-1, group D - 0.046 mg.ml-1; in case of FSH: group E - 1.0 ng.ml-1,  group G - 100 ng.ml-1. 
Group F received FSH (1.0 ng.ml-1), lead acetate (0.083 mg.ml-1) and mercury chloride (0.083 mg.ml-1); group H received FSH 
(100 ng.ml-1), lead acetate (0.063 mg.ml-1) and mercury chloride (0.063 mg.ml-1). Concentrations of �GF–� were determined in 
25–100 µL incubation medium by RIA. In our study a significant release of IGF-I by ovarian granulosa cells from pregnant sows 
was revealed after lead administration at doses of 0.5 mg.ml-1 and 0.25 mg.ml-1. No significant changes at doses of 0.083 mg.ml-1, 
0.063 mg.ml-1 and 0.046 mg.ml-1 were demonstrated. �GF-� was stimulated by the Hg addition at dose of 0.083 mg.ml-1. the con-
centrations 0.25 mg.ml-1, 0.063 mg.ml-1 and 0.046 mg.ml-1did not affect the release of �GF-� by granulosa cells. �GF-� release was 
not significantly stimulated by FSH (1 ng.ml-1), Pb (0.083 mg.ml-1) and Hg (0.083 mg.ml-1). Non-significant changes in the IGF-I 
output by granulosa cells after FSH (100 ng.ml-1), Pb (0.063 mg.ml063 mg.ml63 mg.ml-1) and Hg (0.063 mg.ml-1) administrations were noted. these 
observations suggest a possible involvement of heavy metals – Pb and Hg and pituitary hormone - FSH in a regulation of the growth 
factor �GF-� release by porcine ovarian granulosa cells of pregnant sows. our results contribute to knowledge of mechanisms of 
lead and mercury effects on porcine ovarian granulosa cells of pregnant sows. However, uncontrolled growth of follicles by in-
creased �GF-� level can be a possible risk factor of cancer. 
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the metabolism of non–essential metals (Min et al., 
2008). Changes in the endocrine system might be a useful 
indicator of metal exposure and its potential toxicity in 
animals (Baos et al., 2006).

lead �P���P�� is an ubi�uitous environmental andis an ubi�uitous environmental and 
industrial pollutant (Shan et al., 2009; Silberstein et al., 
2006) which is found in water, brass plumbing fixtures, 
soil (Zhuang et al., 2009; Chrastný et al., 2009), fish 
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(Perelló et al., 2008), vegetables and rice (Zhuang et al., 
2009). the environmental lead is known as reproductive 
toxicant (nampoothiri and Gupta, 2006;nampoothiri and Gupta,  2006; Silberstein et 
al., 2006; Priya et al., 2004) which accumulates in femalePriya et al., 2004) which accumulates in female accumulates in female 
follicular fluid (Silberstein et al., 2006; Al-Saleh et al., 
2008), in granulosa cells of the rat ovaries (nampoothiri 
and Gupta, 2006), sheep ovaries (Bires et al., 1995), rat 
kidneys and testes (Massanyi et al., 2007), the liver and 
kidney of pig (lópez-Alonso et el., 2007) and brown 
hares (Kolesarova et al., 2008b; Kramarova et al., 2005; 
Massanyi et al., 2003) and muscle of pigs (lópez-Alonso 
et el., 2007). 

Mercury �hg� is a non-essential element for plant 
and animal nutrition. �ts presence in agricultural systems 
is of concern due to its high potential toxicity. Mercury 
is persistent in the environment and has been listed as 
a pollutant by several environmental organizations 
(tazisong and Senwo, 2009). Skin-lightening creams 
and dental amalgam are important contributors to 
mercury exposure (Al-Saleh et al., 2008). the highest 
concentrations of Hg (raw and cooked samples) were 
mainly found in fish (Perelló et al., 2008). Exposure to 
a high concentration of metallic mercury vapour may 
cause an increase in reproductive problems (Schuurs, 
1998). Hg is a potent neurotoxic agent and neurotoxicant 
(Pugach and Clarkson, 2009) which accumulates in 
female follicular fluid (Al-Saleh et al., 2008), liver and 
kidney of pig (lópez-Alonso et el., 2007) and brown 
hares (Kolesarova et al., 2008b; Kramarova et al., 2005; 
Massanyi et al., 2003) and muscle of pigs (lópez-
Alonso et el., 2007). the cooking process is only of a 
very limited value as a means of reducing metal (Pb, 
Hg) concentrations. this hypothetical reduction depends 
upon cooking conditions (time, temperature and medium 
of cooking) (Perelló et al., 2008). 

the insulin-like growth factor �IGf� system 
plays an important role in folliculogenesis (Alexiadis 
et al., 2006). �nsulin–like growth factor–� (�GF–�) is 
produced by porcine ovarian granulosa cells (Budacova 
et al., 2001; Sirotkin et al., 2009). �t controls growth and 
lactation in swine (lucy, 2008). the �GF system is also 
thought to contribute to the pathogenesis of many cancers, 
including those of the ovarian epithelium (Alexiadis et 
al., 2006). �GF-� promotes the FSH-stimulated synthesis 
(nemcova et al., 2007). 

follicle-stimulating hormone �fsh�  activates 
proliferation and inhibits apoptosis in rabbit ovarian cells, 
and that these effects can be mediated via cAMP/protein 
kinase A/CrEB- or MAP kinase/CrEB-dependent 
intracellular mechanisms (lauková and Sirotkin, 2007). 
Hormonal interactions of the hypothalamic-pituitary-
ovarian-uterine axis are accountable for a normal 
reproduction in female pigs. �t is of importance to have 
knowledge of estrous symptoms and hormonal profiles 
around ovulation (Madej et al., 2005). 

Mechanism of effects of lead and mercury 
in connection to �GF-� on ovarian granulosa cells of 
pregnant sows has not been examined previously. General 
objective of this in vitro study was to examine secretory 
activity of porcine ovarian granulosa cells from pregnant 
sows after lead, mercury and FSH additions. 

MaterIal and Methods

Preparation, culture and processing 
of granulosa cells from ovaries

Pregnant sows (n=12) of Slovakian White breed 
were kept under standard conditions at the Experimental 
Station of the Animal Production research Centre nitra. 
Conditions of their care, manipulations and use were in 
accordance to the instruction of EC no. 178/2002 and 
related EC documents, and they were approved by a 
local ethic commission.  Porcine ovaries at the early and 
mid–follicular phase of the estrous cycle without visible 
reproductive abnormalities were obtained at slaughter 
house from healthy sows at fourth days of pregnancy 
(olexiková et al., 2008). ovaries were transported to 
the laboratory at 4ºC and washed in sterile physiological 
solution. Follicular fluid was aspirated from 3–5 mm 
follicles. Granulosa cells were isolated by centrifugation 
at 200g for 10 min followed by washing in sterile DMEM/
F12 1:1 medium (BioWhittaker™, verviers, Belgium) 
and resuspended in the same medium supplemented 
with 10 % fetal calf serum (BioWhittaker™) and 1 % 
antibiotic–antimycotic solution (Sigma, St. louis, Mo, 
USA) at a final concentration of 106 cells.ml-1 of medium 
(determined by haemocytometer). Portions of the cell 
suspension were dispensed into 24–well culture plates 
(nunc™, roskilde, Denmark, 1 ml.well-1). the granulosa 
cells in plate wells were incubated at 37.5 ºC and 5 % Co2 
in humidified air until a 75 % confluent monolayer was 
formed (5–7 days). At this point the medium was renewed 
and ovarian granulosa cells were incubated with the same 
supplements (10 % fetal calf serum, 1 % antibiotic–
antimycotic solution) and with/without lead acetate - 
acetate trihydrate Pb(CH3Coo)2.3H2o, mercury chloride 
– HgCl2 and  FSH administration described in table 1 
as follows: maximum used dose of Pb(CH3Coo)2.3H2o/ 
HgCl2  was 0.5 mg.ml-1; group A - 0.25 mg.ml-1;  group 
B - 0.083 mg.ml-1; group C - 0.063  mg.ml-1; group D - 
0.046 mg.ml-1; in case of FSH: group E - 1.0 ng.ml-1 and 
group G - 100 ng.ml-1. Group F received FSH (1 ng.ml-1) 
+ lead acetate (0.083 mg.ml-1) + mercury chloride (0.083 
mg.ml-1). Group H received FSH (100 ng.ml-1) + lead 
acetate (0.063 mg.ml-1) + mercury chloride (0.063 mg.ml-1). 
Further culture was performed for 18 hrs and then the 
samples of culture media from plate wells were aspirated 
and kept at –20 ºC to await further r�A. 
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Immunoassay

Concentrations of �GF–� were determined in 
25–100 µl incubation medium by r�A using r�A 
kits (�mmunotech SAS, Marseille Cedex, France) 
according to the manufacturer’s instructions. r�A assay 
was validated for use in samples of culture medium 
(Makarevich and Sirotkin, 1999; Massanyi et al., 2000). 
the sensitivity of the assay was 2 ng.ml-1, inter- and 
intra-assay coefficients of variation did not exceed 6.8%, 
and – 6.3%, respectively. 

statistical analysis

Each experimental group was represented by 
four culture wells of cultured granulosa cells. Assays 
of substances in incubation medium were performed in 
duplicates. Significant differences between the control 
(without administration of lead acetate, mercury chloride 
and FSH) and experimental groups (with lead acetate, 
mercury chloride and FSH administration – Max, A, B, 
C, D, E, F, G, H) were evaluated by paired t–test using 
Sigma Plot 9.0 statistical software (�andel, Corte Madera, 
USA). the data are means±SEM. Differences were 
compared for statistical significance at the level P<0.05. 

results

release of IGf-I �y ovarian granulosa cells 
from pregnant sows after the lead addition

 �GF–� was released by the ovarian granulosa cells 
in the control group without lead administration and in 
the experimental groups with lead addition. Granulosa 
cells of the control group released 3.61±0.03 ng.ml-1 of 
�GF-�, in case of group D - 4.33±4.29 ng.ml-1, group 

C - 3.75±0.1.78 ng.ml-1, group B - 5.33±4.54 ng.ml-

1 and group Max - 13.81±0.32 ng.ml-1. Granulosa cells 
of groups Max and A released significantly (P<0.05) 
higher concentrations of �GF–� than the control group. 
the highest amount of �GF-� was released by ovarian 
cells of the experimental group Max with the highest Pb 
administration used in this study. �n case of groups B, 
C, and D no significant (P>0.05) changes were noted in 
comparison to the control group (Fig. 1). 

fig. 1: effect of lead acetate administration on 
IGf-I release �y porcine ovarian granulosa 
cells of pregnant sows. control represents 
culture medium without lead acetate 
administration. Group Max received lead 
acetate at 0.5 mg.ml-1. Group a - 0.25 
mg.ml-1, group B - 0.083 mg.ml-1, group 
c - 0.063 mg.ml-1, group d - 0.046 mg.ml-

1. Values are means±SEM. * Significant 
differences from control P<0.05 were 
evaluated �y paired t-test 

release of IGf-I �y ovarian granulosa cells 
of pregnant sows after mercury addition

the release of �GF-� by porcine ovarian granulosa 
cells was 3.65±0.03 ng.ml-1 in the control group. release 
of �GF-� by granulosa cells of experimental group B 
after mercury addition showed significant differences 
(P<0.05) in comparison to the control group (Fig. 2). 
the highest amount of �GF-� was released by ovarian 
cells in the experimental group B (9.08±2.46 ng.ml-1) 
with 0.083 mg.ml-1 Hg administration used in this study. 
No significant differences (P>0.05) in released IGF-I 
by ovarian granulosa cells of pregnant sows in groups 
A (5.84±0.88 ng.ml-1), C (0.72±0.05 ng.ml-1) and D 
(0.79±0.01 ng.ml-1) were noticed.

ta�le 1:  lead acetate, mercury chloride and fsh 
concentrations used in the study

Group lead acetate  
(mg.ml-1)

Mercury 
chloride
(mg.ml-1)

FSH
(ng.ml-1)

Control - / - -
Max 0.500 / 0.500 -

A 0.250 / 0.250 -

B 0.083 / 0.083 -

C 0.063 / 0.063 -

D 0.046 / 0.046 -

E - - 1.0

F 0.083 0.083 1.0

G - - 100.0
H 0.063 0.063 100.0

Control D C B A Max

R
elease of IG

F-I (ng.m
l

-1
)

0

2

4

6

8

10

12

14

16

      *

      *
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fig. 2: effect of mercury chloride 
administration on IGf-I release �y 
porcine ovarian granulosa cells of 
pregnant sows. control represents 
culture medium without mercury 
chloride administration. Group a 
received mercury chloride at 0.25 
mg.ml-1, group B - 0.083 mg.ml-1, group 
c - 0.063 mg.ml-1, group d - 0.046 
mg.ml-1. values are means±seM. 
*Significant differences from control 
P<0.05 were evaluated �y paired t-test

release of IGf-I �y ovarian granulosa cells 
of pregnant sows after fsh addition

�t was found that �GF-� was released by 
granulosa cells of pregnant sows after FSH, Pb and 
Hg additions (Fig. 3, 4). release of �GF-� was not 
significantly (P>0.05) stimulated by FSH addition at 
the concentration of 1.0 ng.ml-1 (group E, 6.20±1.51 
ng.ml-1) in comparison to the control (3.65±0.03 
ng.ml-1). �t was found that �GF-� release was not 
significantly (P>0.05) stimulated by FSH + Pb + Hg 
(group F, 5.70±3.66 ng.ml-1) in comparison to the 
group E with FSH addition 1 ng.ml-1 (6.20±1.51ng.
ml-1). release of  �GF-� (7.09±2.96 ng.ml-1) by 
ovarian cells was not significantly (P<0.05) 
stimulated by FSH administration at 100 ng.ml-1 

(group G) in comparison to the control (3.65±0.03 
ng.ml-1) without hormonal addition. FSH + Pb + Hg 
(group H) did not significantly (P>0.05) stimulate 
�GF-� release (13.07±1.96 ng.ml-1) by granulosa cells 
of pregnant sows in comparison to the group G only 
with FSH addition.
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fig. 3: effect of fsh �1.0 ng.ml-1�, lead acetate and 
mercury chloride administration on IGf-I 
release �y porcine ovarian granulosa cells of 
pregnant sows. control represents culture 
medium without additions. Group e received 
fsh at 1 ng.ml-1, group f received fsh �1 
ng.ml-1� + lead acetate �0.083 mg.ml-1� + mercury 
chloride �0.083 mg.ml-1�. values are means±seM. 
a - no significant (P>0.05) differences between 
control and group e �paired t-test�. � - no 
significant (P>0.05) differences between group E 
and f �paired t-test�

fig. 4:  effect of fsh �100 ng.ml-1�, lead acetate and 
mercury chloride administration on IGf-I 
release �y porcine ovarian granulosa cells of 
pregnant sows. control represents culture 
medium without additions. Group G received 
fsh 100 ng.ml-1, group h received fsh �100 
ng.ml-1� + lead acetate �0.063 mg.ml-1� + mercury 
chloride �0.063 mg.ml-1�. values are means±seM. 
a - no significant (P>0.05) differences between 
control and group G �paired t-test�. � - no 
significant (P>0.05) differences between group G 
and h �paired t-test�
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dIscussIon

Our observations describe the influence of Pb, Hg, 
as environmental risk factors and effect of FSH on the 
release of the growth factor (�GF-�) by ovarian granulosa 
cells of pregnant sows. Our reports confirm previous data 
about influence of heavy metals on cellular processes 
(Silberstein et al., 2006). the ovaries were the organs that 
accumulated Pb (Bires et al., 1995) what is in accordance 
with our investigation. our study shows an accumulation 
of Pb in ovarian granulosa cells of pregnant sows, as it was 
previously reported in human follicular fluid (Silberstein 
et al., 2006; Al-Saleh et al., 2008), rat ovarian granulosa 
cells (nampoothiri and Gupta, 2006) and sheep ovaries 
(Bires et al., 1995). 

�GF-� release by granulosa cells of pregnant sows 
after Pb addition was determined. Significantly higher 
release of �GF-� by ovarian granulosa cells of pregnant 
sows after lead administration at doses of 0.5 mg.ml-1 and 
0.25 mg.ml-1 was demonstrated in this study. our report 
confirm previous data on a direct influence of Pb, as a 
reproductive toxicant (nampoothiri and Gupta, 2006; 
Silberstein et al., 2006; Priya et al., 2004) on granulosa 
cell function (Priya et al., 2004). Histological changes 
in the number of ovarian follicles and the increased 
occurrence of primary atretic follicles indicate alterations 
in the membrane structures and organelles of oocytes and 
in the follicular cells of the stratum granulosum in sheep 
(Bires et al., 1995). Pre–pubertal female rats maternally 
exposed to Pb exhibit suppressed serum levels of �GF–� 
and delayed puberty (Pine et al., 2006).  But the time 
to puberty onset in mice was markedly influenced by 
exposure to dietary lead (�avicoli et al., 2004). our 
investigation shows that higher doses of Pb contribute to 
the induction of �GF-� output by ovarian granulosa cells 
of pregnant sows.

our reports on toxicity of Hg to ovarian granulosa 
cells of pregnant sows confirm previous studies concerning 
accumulation of Hg in human follicular fluid (Al-Saleh 
et al., 2008). neurodevelopmental toxins, such as heavy 
metals, interrupt growth factor signalling (Waly et al., 
2004). �n our experiment a release of �GF-� by granulosa 
cells of pregnant sows was significantly stimulated after a 
mercury addition at the concentration 0.083 mg.ml-1. our 
study shows that mercury can be a potent regulator of the 
�GF-� release by ovarian granulosa cells of pregnant sows. 
this heavy metal, as an environment risk factor, can be a 
potential risk factor for normal growth of follicles during 
pregnancy of pigs. 

the �GF-� signalling axis is important for the 
cell growth, differentiation and survival and increased 
serum �GF is a risk factor for cancers (Kaplan-lefko 
et al., 2008). Evidence suggests that activation of the 
hypothalamic-pituitary-adrenal axis may hamper normal 
gonadotropin secretion and as a conse�uence, the ovarian 

function (Madej et al., 2005). �GF-� in conjunction with 
gonadotropins are important stimulators of mitosis by 
granulosa and theca cells, which are re�uired for normal 
oocyte development and hormonal feedback signaling 
to the hypothalamus and pituitary (Grado-Ahuir et al., 
2009). �n this study �GF-� release by granulosa cells 
of pregnant sows after FSH, Pb and Hg additions was 
found. Release of IGF-I was not significantly stimulated 
by FSH addition in all used concentrations - 1.0 ng.ml-1 
and 100 ng.ml-1. FSH reduced �GF-� (at 1-100 ng.ml-1)  in 
transgenic rabbits (Sirotkin et al., 2008). �GF-� promotes 
the FSH-stimulated synthesis in porcine cumulus-oocyte 
complexes (nemcova et al., 2007). �t was found that 
IGF-I was not significantly stimulated by FSH (1.0 
ng.ml-1), Pb (0.083 mg.ml-1) and Hg (0.083 mg.ml-1). 
release of �GF-� by ovarian cells of pregnant sows was 
not significantly stimulated by the FSH (100 ng.ml-1), Pb 
(0.063 ng.ml-1) and Hg (0.063 ng.ml-1) administration. 
these investigations suggest that effect of heavy metals 
Pb and Hg in pregnant sow depends on the secretion of 
FSH by the pituitary.

 our observations suggest possible involvement 
of heavy metal – Pb and Hg and hormone of pituitary 
FSH, in the regulation of �GF-� release by porcine ovarian 
granulosa cells of pregnant sows. our results contribute 
to knowledge of mechanisms of lead and mercury effect 
on porcine ovarian granulosa cells of pregnant sows. 
However, uncontrolled growth of follicles by increased 
�GF-� level can be a potential risk factor of cancers.  
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