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ABSTRACT

The aim of our study was to examine the effect of rapamycin on secretory activity of the
rabbit ovarian fragments. The secretion of steroid (progesterone, testosterone, estradiol) and
peptide (prolactine) hormones by ovarian fragments after rapamycin addition at the doses 0, 1,
10, 100 μg.ml-1 was determined. Fragments were incubated with rapamycin for 48 hours.
Hormones were determinated by RIA. The experimental data showed that, addition of
rapamycin did not affect progesterone and prolactine release (at all doses). Estradiol secretion
was inhibited by rapamycin at the doses of 1, 10 and 100 μg.ml-1. Testosterone was inhibited
by the rapamycin at the doses of 1 and 10 μg.ml-1 but not at 100 μg.ml-1. In conclusion, our
results suggest a direct effect of rapamycin on ovarian functionsand a possible involvement in
the regulation of steroidogenesis.
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INTRODUCTION

The mammalian target of rapamycin (mTOR) is a protein, serine/threonine protein
kinase that regulates cell growth and proliferation, cell motility, protein synthesis and
transcription (Beevers et al., 2006). MTOR or Pathway of mTOR is an regulator of cell size
that coordinates the activity of the cell growth machinery with the levels of energy and
nutrients (Sarbassov and Sabatini, 2005). It is cell signaling pathway, which is activated by
steroid hormones and growth factors leading to cellular events including gene expression, cell
proliferation and survival (Makker et al., 2011). When the genetic and environmental milieu
is optimal for cellular growth, and diminishes under stressful conditions including insufficient
nutrients, energy, or growth factors, as well as DNA damage actives mTOR signaling
(Kopelovich et al., 2007). On the other hand rapamycin has potent immunosuppressive
properties, it also has anticancer and antifungal activity inhibits the proliferation of
fibroblasts, which leads to deterioration of wound healing (Kahn et al., 2005). It also inhibits
abnormal cell proliferation and abnormal metabolism of cells (Faivre et al., 2006). Adding
rapamycin to the diet increases life expectancy because it slows down the process of aging
(Powers et al., 2006; Miller et al., 2011). TOR inhibitor rapamycin was shown to increase
life span in mice (Harrison et al., 2009). Rapamycin reduces number of estrus cycles,
decreases size of preovulatory follicles and reduces in uterine size (Shivaswamy et al., 2011).
Progesterone is the ovarian steroid hormone that is needed for embryonic development
and in mammary gland development (Hagan et al., 2009). It is produced by porcine ovarian
granulosa cells (Sirotkin et al., 2008; Kolesarova et al., 2010 a, b), rabbit ovarian cells
(Sirotkin et al., 2009), corpus luteum of sheep (Al-Dabbas et al., 2008) and goats
(Blaszczyk et al., 2009) and other animals. Progesterone governs ovarian functions of pigs
(Sirotkin et al., 2008, Kolesarova et al., 2010a,b) and rabbits (Sirotkin et al., 2009).
Testosterone is a steroid hormone that is produced in the testes of males, females in the
ovaries and a small amount is produced by the adrenal gland (Cox et al., 2005; Reed et al.,
2006). It is important for healthy development of the individual and the establishment of
secondary sexual characteristics (Swaab et al., 2009). Similarly, estradiol is one of the steroid
hormones. It is produced by ovarian granulosa cells (Rob et al., 2008). To a lesser extent is
also produced in the liver or adrenal cortex (Nelson and Bulun, 2001). This hormone is
responsible for the development of secondary sex characteristics (Hess et al., 1997).
Luteotrophic hormone or prolactin, peptide hormone (Bartholomew et al., 2007), is produced
by the pituitary gland (Sabharwal et al., 1992). This hormone stimulates the enlargement of
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the mammary glands during pregnancy, which is primarily associated with the process of
lactation in mammals (Bartholomew et al., 2007).
The aim of this in vitro study was to investigate the influence of rapamycin on the
secretion of steroid (progesterone, estradiol, testosterone) and peptide (prolactin) hormones
from rabbit ovarian fragments.

MATERIAL AND METHODS

Ovaries were obtained from noncyclic rabbits of hybrid line New Zealand White aged
3.5 to 4 months in Animal Production Research Centre in Nitra. Ovaries were transported to
the laboratory in containers at 4ºC and washed in sterile physiological solution and were
sectioned in 8-16 fragments (approx. 2-3 mm size). Subsequently, these fragments
(1 fragment per a well) were incubated in culture plates (Nunc™, Roskilde, Denmark,
1 ml.well-1) with 1 ml of sterile culture medium DMEM/F12 1:1 (BioWhittakerTM, Verviers,
Belgium) supplemented with 10% fetal calf serum (BioWhittakerTM) and 1% antibiotic antimycotics (Sigma, St. Louis, MO, USA) with the addition of rapamycin (Fermentek Ltd.,
Jerusalem, Israel) at the doses of 0, 1, 10, 100 μg.ml-1 at 37 ° C, 5% CO2 for 48 hours. After
cultivation of fragments the culture medium was taken from wells plates by syringe and
stored at -70°C for radioimmunoassay (RIA). The concentrations of progesterone, estradiol,
testosterone and prolactin were determined by RIA in 25-100 ml of culture medium. These
substances have been linked using RIA kits (Immunotech SAS, Marseille Cedex, France)
according to manufacturer's instructions (Makarevich and Sirotkin, 1999). Assays of hormone
levels in the culture media were performed in duplicate. The rates of substance secretion were
calculated per mg tissue per day. Differences between groups were evaluated using t-test
using statistical software Sigma Plot 11.0 (Janda, Corte Madera, USA). Values represent the
mean ± SEM. Differences were compared for statistical significance at the P - level less than
0.05 (P<0.05).

RESULTS

Secretion of progesterone by ovarian fragments was not affected after the addition of
rapamycin at the doses 1, 10 and 100 μg.ml-1 (Fig. 1 A). On the other hand significant

(P

<0.05) decrease of estradiol secretion was found after rapamycin addition at the doses 1, 10
and 100 μg.ml-1 (Fig. 1 B). Similarly, testosterone secretion was significantly (P <0.05)
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inhibited by rapamycin at the doses of 1 and 10 μg.ml-1 but not at 100 μg.ml-1 (Fig. 1 C).

80

80
1,4

1A

-1
prolactin release (ng.10-6 tissue.day
)
6
-1
estradiol release (ng.10 tissue.day )

-6

-1

progesterone release (ng.10 tissue.day )

Prolactin secretion was not affected by rapamycin at all doses (Fig. 1 D).

1B

1,260

60

*

1,0
40

40

*

*

0,8

20

20

0,6

0

0

0,4

0

1

10

0
0

100

-1

rapamycin addition (g.ml of medium)

1
1

10
10

100
100

-1

rapamycin addition (g.ml of medium)
-1
rapamycin additon (g.ml of medium)

1,4

prolactin release (ng.10-6 tissue.day-1)

1C

-1

testosterone release (ng.10 tissue.day )

1,5

-6

1,0
*

*

0,5

0,0

1D
1,2

1,0

0,8

0,6

0,4

0

1

10

100

0

-1

1

10

100

-1

rapamycin addition (g.ml of medium)

rapamycin additon (g.ml of medium)

Figure 1 A-D Effect of rapamycin on steroid and peptide secretion by rabbit ovarian
fragments. (A) progesterone (B), estradiol, (C) testosterone and (D) prolactin. *Significant
(P<0.05) differences compared to control group. Differences between groups were assessed ttest. Values represent the mean ± SEM. RIA.

DISCUSSION

The possible effect of rapamycin addition on ovarian functions of rabbits is suggested
in this study. These data confirm the previous reports concerning the influence of rapamycin
on bovinne (Hou et al., 2010), rat (Wera et al., 1995), mouse (Yu et al., 2011) and human
(Kaczmarek et al., 2004; Fritsche et al., 2004) cell processes.
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A dose-dependent effect of rapamycin on progesterone secretion was not found.
Similarly, in previous study rapamycine additon (20 nM) did not reduce luteinizing hormone
(LH)-induced progesterone production in bovine luteal cells (Hou et al., 2010). The effect of
rapamycin on the secretion of progesterone was not found.
In the study secretion of estradiol by ovarian rabbit fragments was decreased by
rapamycin at all doses. The other authors described that at a reduced dose of rapamycin found
a significant increase (P<0.05) of estradiol production 10 ng.ml-1 in mouse follicles (Yu et al.,
2011). Sanchez et al. (2011) established by immunoblotting that estradiol antagonized the
effect of everolimus, another mTOR inhibitor system. Ray et al. (2011) found that repeated
addition of estradiol did not affect the inhibition of proliferation by rapamycin. Our findings
suggest that rapamycin is a possible inhibitor of secretion of estradiol and the process of
steroidogenesis in rabbit ovaries.
A dose-dependent effect of rapamycin on testosterone secretion was found.
Testosterone was inhibited by rapamycin addition at the doses of 1 and 10 μg.ml-1 but not at
100 μg.ml-1. Kaczmarek et al. (2004) established mean testosterone release was
3.86 ± 1.41 ng.ml-1 in the sirolimus group gonadal functions of men and 4.55 ± 1.94 ng.ml-1 in
the controls (P=0.025). Fritsche et al. (2004) has found that testosterone values were lower
(11.2±6.3 nmol.l-1 vs. 15.5± 7.7 nmol.l-1, (P<0.05), in sirolimus-treated patients compared to
non-sirolimus-treated controls.

The findings of Skrzypek and Krause (2007) were in

accordance with the previous studies. The authors have confirmed the reduction of
testosterone level by rapamycin addition. Wu et al. (2010) established the inhibition of
mTOR activity by rapamycin on human cancer cells, but it was not dependent on testosterone
concentration. The previous reports and our findings confirm the inhibitory effect of
rapamycin on the secretion of testosterone and the process of steroidogenesis in rabbit
ovaries.
Secretion of peptide hormone prolactin by ovarian fragments was not affected by
rapamycin addition at all doses used in our study. Similarly, Wera et al. (1995) established
rapamycin addition did not have the effect on the prolactin release measured during a 2h
incubation period, indicating that they do not influence the secretion of prolactin from
intracellular stores into the culture medium. During longer incubation times (48 h), however,
prolactin release was diminished to 64% ±14 (1 µM rapamycin), suggesting an effect on
prolactin production of rats. Fritsche et al. (2004) found that values of prolactin levels were
not different in sirolimus-treated patients compared to non-sirolimus-treated controls.
Belkowski et al. (1999) described rapamycin markedly inhibited proliferation and prolactin
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translocation to the nucleus of cloned murine. The effect of rapamycin on the secretion of
prolactin was not confirmed.

CONCLUSION

The present study describes the possible effect of rapamycin on rabbit ovarian
functions. The results of this study suggest a possible dose-dependent effect of rapamycin on
the secretory activity of some steroid hormones (estradiol, testosterone but not progesterone)
secreted from the ovarian fragments of rabbits. The effect of the mTOR inhibitor has been
confirmed at the doses of 1, 10 and 100 μg.ml-1 on estradiol secretion and at 1 and 10 μg.ml-1
on testosterone secretion. In conclusion, our results suggest a direct effect of rapamycin on
ovarian functions and a possible involvement in the regulation of steroidogenesis in rabbit
ovaries.
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