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Summary 

The aim of this in vitro study was to examine the secretion activity (progesterone, 17 β-estradiol and 

insulin-like growth factor-I) of rat ovarian fragments after molybdenum (Mo) addition. Rat ovarian 

fragments were incubated with ammonium molybdate at the doses 90, 170, 330 and 500 µg.ml-1 for 24 

h and compared with control group without Mo addition. Release of progesterone (P4), estradiol (17β-

estradiol) and IGF-I by ovarian fragments was assessed by RIA. Data show that P4 release by ovarian 

fragments was not affected by (NH4)6.Mo7O24.4H2O addition at all the doses used (90–500 µg.ml-1). 

However, addition of ammonium molybdate was found to cause a significant (P < 0.05) dose-dependent 

decrease (at the doses 90, 170 and 500 µg.ml-1) in release of 17β-estradiol by ovarian fragments in 

comparison to control. Also, addition of ammonium molybdate significantly (P < 0.05) inhibited IGF-I 

release at all the doses (90–500 µg.ml-1) used in the study. Results suggest ammonium molybdate 
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induced inhibition in the release of growth factor IGF-I and its dose-dependent effect on secretion of 

steroid hormone 17β-estradiol but not progesterone. These data contribute to new insights regarding 

the mechanism of action of Mo on rat ovarian functions.         
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 Molybdenum is an important cofactor for enzymes including xanthine oxidoreductase, aldehyde 

oxidase and sulfide oxidase in animals (Mendel 2007). Polyoxomolybdates as discrete molybdenum–

oxide cluster anions provide promising, novel anti–tumor agents, especially for cancers that are difficult 

to treat (Ogata et al. 2008). Female reproductive functions can be compromised by exposure to 

potentially toxic chemicals at a variety of sites, including ovary or reproductive tract (Mlynarcikova et al. 

2005). Ovarian follicular growth and differentiation are governed by hormones and growth factors 

(Roychoudhury et al. 2014). The aim of this study was to examine the secretion activity (P4, 17β-estradiol 

and IGF-I) of rat ovarian fragments after addition of ammonium molybdate in vitro. Ovarian fragments 

(total 125 pieces) of 2 mm size obtained from 130 day old healthy Wistar rats (n=25) according to EU 

and Slovak guidelines for animal care, manipulation and use, were washed in sterile DMEM/F121:1 

media (BioWhittaker, Verviers, Belgium) and incubated for 24 h in culture plates (Nunc, Roskilde, 

Denmark, 1 ml medium/well) in the same media with 10% FCS and 1% antibiotic–antimycotic solution 

(Sigma, St.Louis, MO, USA) without (Control group) or with ammonium molybdate - (NH4)6.Mo7O24.4H2O 

(81.0-83.0% MoO3 basis; molecular weight 1235.86; Sigma-Aldrich, St. Louis, USA) at the doses 90 µg.ml-

1 (Group A), 170 µg.ml-1 (Group B), 330 µg.ml-1 (Group C) and 500 µg.ml-1 (Group D), respectively. 



Concentrations of P4, 17β-estradiol and IGF-I were determined in 25–100 µl incubation medium by RIA. 

The rates of substance secretion were calculated per mg tissue per day. Significant differences (means ± 

SD) between control and experimental groups (P < 0.05) were evaluated by using two-way ANOVA and 

paired t-test using statistical software Sigma Plot 11.0. Release of P4 by ovarian fragments did not 

change significantly in any of the experimental groups after addition of ammonium molybdate at the 

doses 90, 170, 330 and 500 µg.ml-1 in comparison to control. Thus, addition of ammonium molybdate 

had no effect on P4 release at the doses used in the study (90–500 µg.ml-1). Release of 17β-estradiol by 

ovarian fragments was significantly inhibited in the experimental groups A, B and D after ammonium 

molybdate addition at the doses 90, 170 and 500 µg.ml-1 in comparison to control. However, release of 

17β-estradiol was similar to that of control group at the dose 330 µg.mL-1 after ammonium molybdate 

addition. Hence, Mo addition caused dose-dependent inhibition in the release of 17β-estradiol (Fig. 1). 

IGF-I release by ovarian fragments was significantly (P < 0.05) inhibited at all the experimental doses 

(90–500 µg.ml-1) used in the study in comparison to control (Fig. 2). In another study, rabbits fed 

commercial pellets and carrots containing 39 mg.kg–1 DM Mo and with a commercial diet supplemented 

with 40 mg.kg–1 DM Mo for 14 days did not have adverse affect on growth (Bersenyi et al. 2008). 

Molybdenum administered as thiomolybdate can adversely affect the hypothalamo–adenohypophyseal 

axis by interfering with trophic hormone release, leading to the cessation of reproductive activity and 

ultimately the failure of intermediary metabolism. Whether Mo exerts its effect centrally or directly on 

the pituitary has not been established (Haywood et al. 2004). The target specificity of 

tetrathiomolybdate, an anti–angiogenic, anti–tumor agent against the viability/proliferation of arterial, 

venous, capillary endothelial and tumor cells was examined (Carpenter et al. 2007). Venous and capillary 

endothelial proliferation were found to be important targets in tetrathiomolybdate therapy, but other 

vascular segments and tumor cells may be less influenced. Potential anticancer, cytostatic and cytotoxic 



effects of piroxicam complexes with MoO2
2+ on human promyelocytic leukemia HL–60 cells have also 

been investigated (Christofis et al. 2005). 

The role of Mo in the control of rat ovarian fragments related to P4,
 17β-estradiol and IGF-I was 

investigated. In the present study, isolated rat ovarian fragments released steroid hormone 

progesterone, 17β-estradiol and IGF-I after experimental addition of ammonium molybdate in vitro. In 

fact, ammonium molybdate addition did not have any influence on P4 release by rat ovarian fragments 

at the doses used in the study. However, in chicken ovarian granulosa cells the doses 170 µg.ml-1 and 

330 µg.ml-1 ammonium molybdate (corresponding to groups B and C respectively in the present study) 

were reportedly associated with stimulation of P4 release (Kolesarova et al. 2009). Furthermore, 

ammonium molybdate addition caused dose-dependent inhibition in the release of 17β-estradiol by rat 

ovarian fragments particularly at the doses 90 µg.ml-1, 170 µg.ml-1 and 500 µg.ml-1. Also, ammonium 

molybdate addition inhibited IGF-I release at all the doses used in the study (90–500 µg.ml-1). These 

findings confirm previous reports about dose-dependent influence of Mo on decreasing the IGF-I release 

by chicken ovarian granulosa cells at the dose 330 µg.ml-1 ammonium molybdate corresponding to 

group C in the present study (Kolesarova et al. 2009), and by porcine ovarian granulosa cells at the dose 

500 µg.ml-1 ammonium molybdate which is the highest dose used in the present study corresponding to 

group D (Kolesarova et al. 2011). These results suggest Mo induced inhibition in the release of growth 

factor IGF-I and its dose-dependent effect on secretion of steroid hormone 17β-estradiol but not 

progesterone. The data contribute to new insights regarding the mechanism of action of Mo on rat 

ovarian functions. 
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Fig. 1. Effect of molybdenum on release of 17 β-estradiol by rat ovarian fragments. *Control represents 

culture media without Mo addition. Groups A, B and D received (NH4)6.Mo7O24.4H2Oat 90 µg.m-1, 170 

µg.ml-1and 500 µg.ml-1 respectively, which showed decreased release of estradiol; group C 330 µg.ml-1 

(NH4)6.Mo7O24.4H2O; Values are means ± SD. *Significant differences (P< 0.05) from control were 

evaluated by paired t-test. RIA. 
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Fig. 2. Effect of molybdenum on release of IGF-I by rat ovarian fragments. *Control represents culture 

media without Mo addition. Groups A, B, C and D received (NH4)6.Mo7O24.4H2Oat doses 90 µg.ml-1, 170 

µg.ml-1and 500 µg.ml-1 respectively, which showed decreased release of IGF-I. Values are means ± SD. 

*Significant differences (P< 0.05) from control were evaluated by paired t-test. RIA. 
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