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ABSTRACT 

The aim of our work was to develop a simple, reproducible in vitro system to study the 
direct effect of reproductive toxicants on primary gonadal cells. Human ovarian granulosa cells 
and mouse Leydig cells were exposed to toxic metal ions (Ni2+, Co2+) or xenoestrogen 
herbicides (atrazine, alachlor) and cultured for 48 h. Following the incubation the cell viability 
was evaluated by the MTT reduction test, while the sexualsteroid (testosterone, progesterone) 
content of culture media was determined by radioimmunoassay (RIA) or enzyme linked 
immunosorbent assay (ELISA). Measuring viability and sexualsteroid production of the in vitro 
exposed cells can be useful for rapid screening reproductive toxicants. Quantification of 
sexualsteroids in the presence or absence of their different, in vitro added precursors and toxic 
agents may be suitable to study the mechanism of action of these toxic substances.  
 
Introduction  

The main role of these somatic cells is to produce sexualsteroids providing the hormonal 
environment for gonadal functions. Ovarian follicular granulosa cells supply nutrients and create 
the hormonal milieau (mainly progesterone) during oocyte growth. Leydig cells in the interstitium 
of testis produce testosterone, which acts in a paracrine manner in the testis to support 
spermatogenesis. Both types of these gonadal cells maintain the ability to produce high amount 
of sexualsteroids in vitro , and can be stimulated with luteinizing hormone (LH) analogue human 
chorionic gonadotropin (hCG). Measuring the stimulated sexualsteroid response of granulosa 
cells or Leydig cells seems to be more sensitive indicator of gonadal disruption than the 
determination of their basal sexualsteroid production. 

 
Materials and methods 
 
Culture and exposure of human ovarian granulosa cells 
 

Granulosa cells were obtained from women undergoing ovulation induction and ovum 
retrieval for the purpose of in vitro fertilization (IVF). For isolation of granulosa cells the methods 
of Freeman et al. (1995) and Paksy et al. (1997) were used with some modification. In brief, 
cells were dispersed by collagenase (400 IU/ml, type IV, Sigma) and separated by gradient 
centrifugation using Ficoll-Paque (Amersham Pharmacia Biotech AB).  
The cell suspension was diluted to 22 000 cells/ml in the 1:1 mixture of  DME and Ham�s F12 
media supplemented with 10% Fetal Bovine Serum (FBS; Gibco BRL). Cell cultures were 
maintained for 48 h at 37°C under a humidified atmosphere of 95% air / 5 % CO2 while exposed 
to different concentrations of toxic metal ions (15.625-1000 µM Ni2+,  0.3125-31.25 µM Co2+) or 
xenoestrogenic herbicides (7.5-240 µg/ml atrazine, 1.56-100 µg/ml alachlor). Following the 
culture, cytotoxicity of Ni2+, Co2+, atrazine and alachlor was evaluated.  
 
In the cultures exposed to Ni2+ the hCG (0.1 IU/ml) and db-cAMP (dibutyryl cyclic adenosine 
monophosphate; 1 mM; Sigma) stimulated progesterone (P) response was also measured.   
The hCG was used to check the LH receptor mediated P response of cells, while db-cAMP was 
used to test the post-receptor defects. 
 
Culture and exposure of mouse Leydig cells 
 

For isolation of interstitial (Leydig) cells by mechanical dissociation without enzyme 
treatment the method of Stoklosowa (1982) was used with some modification, as described 
earlier (Forgács et al., 1998). The interstitial cell suspension was diluted to 106 cells/ml in 
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Minimum Essential Medium (MEM; Sigma) supplemented with 10 % FBS. Cell cultures were 
incubated for 48 h at 34°C under a humidified atmosphere of   95% air / 5 % CO2 in the 
presence or absence of different concentrations of toxic metal ions (1.95-125 µM Cd2+,  31.25-
1000 µM Co2+) or xenoestrogenic herbicides (7.5-240 µg/ml atrazine, 1.56-100 µg/ml alachlor). 
After incubation, cytotoxicity of Cd2+, Co2+, atrazine and alachlor was measured.   In the cultures 
exposed to atrazine, the hCG (1 IU/ml) stimulated testosterone (T) response was also 
determined. 
  
Cytotoxicity evaluation 
 

Following the 48-h culture, viability of the treated cells was evaluated by the MTT 
cytotoxicity assay (Mosmann, 1983). This colorimetric assay measures the conversion of a 
tetrazolium salt (MTT) to blue formazan particles by dehydrogenase enzymes of intact 
mitochondria of living cells. Formazan was measured at 570 nm against 620 nm reference by 
an Anthos 2010 microplate reader. 
 
Quantification of sexualsteroids 
 

Determination of progesterone and testosterone directly from aliquots of the culture 
medium was performed by radioimmunoassay (RIA) or enzyme linked immunosorbent assay 
(ELISA). The 3H-progesterone and 3H-testosterone were obtained from Amersham (UK), while 
the ELISA kits were purchased from Dialab (Austria). 
 
 
Results 
 
Human ovarian granulosa cells 

The viability of cells was diminished in the presence of  125 µM Ni2+,  8 µM Co2+,  30 µg/ml 
atrazine, or 6.25 µg/ml of alachlor. Both hCG and db-cAMP stimulated progesterone response 
was decreased even at the lowest concentration (15.625 µM) of Ni2+ . 
 
1.1.1.1 Mouse Leydig cells 

Cell viability was reduced at 31.25 µM Cd2+,  250 µM Co2+,  240 µg/ml atrazine or 12.5 
µg/ml alachlor concentrations. The hCG stimulated testosterone response declined at 60 µg/ml 
(non-cytotoxic) concentration of atrazine.  

 
Discussion 

In the experiments performed on human granulosa cells, Co2+ proved to be more cytotoxic 
than Ni2+, and alachlor was more cytotoxic than atrazine.  

In the Ni2+-exposed granulosa cell cultures the results of the cytotoxicity (MTT) assay and 
progesterone determination suggest that the effect of Ni2+ on P production is not due cell death 
and P inhibition site of Ni2+ is probably subsequent to the membrane receptor. 

In Leydig cell cultures Cd2+ was more cytotoxic than Co2+, and alachlor caused cell death at 
lower concentration than atrazine. The effect of atrazine on testosterone production of Leydig 
cells was not probably due to the cell death, below its cytotoxic concentration.  

Both primary gonadal cell cultures presented here may be a useful in vitro model for rapid 
screening reproductive toxicants and for investigating the mechanism of action of these 
chemicals at cellular level. Measuring viability and sexualsteroid production of cells provides 
quantitative results making possible to evaluate preliminary the relative toxicity of different 
chemical substances. The advantage of usage of primary cells is that the behavior of non-
transformed cells reflects better the real physiological conditions than a cell line.  
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