In the marmoset monkey, the LHR type II, lacking exon 10, is the native receptor type. We characterised the LHR splicing pattern in marmoset testes and the adrenals during puberty and in pre-and postpubertal ovaries and quantified mRNA LHR expression in the testis. We detected eleven LHR splicing variants expressed at similar levels and generated by exon skipping and/or usage of cryptic splice sites. No preferred splicing variant during pubertal maturation was observed in both sexes. Testicular and adrenal LHR expression levels did not significantly change with age. However, a significant increase during pubertal maturation for the serum testosterone/LHR ratio indicated that testosterone secretion increases in the presence of constant LHR mRNA expression levels. We conclude that LHR splicing in the marmoset displays a homogenous pattern and that the main function of the LHR is established in the testis, reaching its highest efficiency during pubertal maturation.

Introduction

The luteinizing hormone receptor (LHR) mediates the action of two hormones, LH and chorionic gonadotropin (CG), and is crucial for normal sexual development and fertility. It is expressed in the Leydig cells of the testis and in theca and granulosa-lutein cells of the ovary (Ascoli et al., 2002). In the male primate sexual differentiation requires maternally produced CG to trigger testosterone production by the Leydig cells. LHR expression was also found in non-gonadal tissues such as the brain [START_REF] Lei | Novel expression of human chorionic gonadotropin/luteinizing hormone receptor gene in brain[END_REF]al Hader et al., 1997), the nervous system (Apaja et al., 2004) and the adrenal gland [START_REF] Pabon | Novel presence of luteinizing hormone/chorionic gonadotropin receptors in human adrenal glands[END_REF][START_REF] Kero | Elevated luteinizing hormone induces expression of its receptor and promotes steroidogenesis in the adrenal cortex[END_REF]. In some of these tissues, the LHR expression is based on RNA detection and its biological role is still under investigation or unknown so far. Apaja and colleagues (2004) could detect immature receptors during fetal development in rodents in the developing gonads, kidneys, genital tubercles and adrenal glands. It has been suggested that the receptor expression in the developing gonads is regulated at the posttranscriptional level since the mature receptor could only be detected in adult gonads and in pregnant female adrenal glands (Apaja et al., 2005). Some LHR splice variants were described in the rat [START_REF] Sokka | Functional LH receptor appears in the neonatal rat ovary after changes in the alternative splicing pattern of the LH receptor mRNA[END_REF]Aatsinki et al., 1992;Apaja et al., 2006), turkey [START_REF] You | Three different turkey luteinizing hormone receptor (tLH-R) isoforms I: characterization of alternatively spliced tLH-R isoforms and their regulated expression in diverse tissues[END_REF], sheep (Bacich et al., 1994), cattle [START_REF] Kawate | Coordinated expression of splice variants for luteinizing hormone receptor messenger RNA during the development of bovine corpora lutea[END_REF], pig [START_REF] Shimada | Luteinizing hormone receptor formation in cumulus cells surrounding porcine oocytes and its role during meiotic maturation of porcine oocytes[END_REF] and human [START_REF] Reinholz | Loss of alternately spliced messenger RNA of the luteinizing hormone receptor and stability of the follicle-stimulating hormone receptor messenger RNA in granulosa cell tumors of the human ovary[END_REF][START_REF] Madhra | Alternative splicing of the human luteal LH receptor during luteolysis and maternal recognition of pregnancy[END_REF] but nearly all are untranslated or, if translated, most of them remain inside the cytoplasm. The biological role of LHR splice variants is still unknown. It is speculated that alternatively spliced isoforms could be involved in receptor function and regulation [START_REF] Minegishi | Expression of luteinizing hormone/human chorionic gonadotrophin (LH/HCG) receptor mRNA in the human ovary[END_REF][START_REF] Licht | Evidence for cycle-dependent expression of full-length human chorionic gonadotropin/luteinizing hormone receptor mRNA in human endometrium and decidua[END_REF]. So far, the developmental time course of LHR expression is best known in the rat. In fetal rat testis LHR gene expression increases around fetal day 16, reaches its maximum at day 21 of fetal age, declines after birth and increases again upon reaching adulthood with the appearance of the adult population of Leydig cells (Zhang et al., 1994). Yet the mature receptor could be detected only in adult rats [START_REF] Saez | Leydig cells: endocrine, paracrine, and autocrine regulation[END_REF]Zhang et al., 1994). In contrast, little is known about LHR expression in the primate during sexual maturation.

The common marmoset (Callithrix jacchus) represents a non-human primate model extensively used for reproductive studies [START_REF] Millar | Marmoset spermatogenesis: organizational similarities to the human[END_REF]. Marmoset spermatogenesis is very efficient, involves substantial spermatogonial proliferation and shows high affinity to human spermatogenesis [START_REF] Weinbauer | Quantitative analysis of spermatogenesis and apoptosis in the common marmoset (Callithrix jacchus) reveals high rates of spermatogonial turnover and high spermatogenic efficiency[END_REF], Wistuba et al., 2003;[START_REF] Luetjens | Primate spermatogenesis: new insights into comparative testicular organisation, spermatogenic efficiency and endocrine control[END_REF].

However, the marmoset LHR is peculiar. We previously showed that the complete neotropical New World monkey lineage (Platyrrhini) is lacking exon 10 of the LHR at the transcriptional level whereas this exon is present in all other primate taxons including the human.

Accordingly, the new receptor subclass was named LHR type II [START_REF] Gromoll | A new subclass of the luteinizing hormone/chorionic gonadotropin receptor lacking exon 10 messenger RNA in the New World monkey (Platyrrhini) lineage[END_REF].

Another peculiarity of the marmoset monkey is that the LHβ-gene is not expressed in the pituitary and is replaced by CGβ, which took over the role of LH and is the only gonadotropin with luteinizing function in this species [START_REF] Müller | Chorionic gonadotrophin beta subunit mRNA but not luteinising hormone beta subunit mRNA is expressed in the pituitary of the common marmoset (Callithrix jacchus)[END_REF].

Male marmoset monkey development can be divided into three phases of endocrine events.

First the neonatal activation of the pituitary-gonadal axis lasts up to week 16 of age, then a quiescent phase continues up to week 35 of age [START_REF] Lunn | Blockade of the neonatal rise in testosterone by a gonadotrophin-releasing hormone antagonist: effects on timing of puberty and sexual behaviour in the male marmoset monkey[END_REF][START_REF] Lunn | Blockade of the neonatal increase in testosterone by a GnRH antagonist: the free androgen index, reproductive capacity and postmortem findings in the male marmoset monkey[END_REF] and finally a reactivation of the pituitary-gonadal axis takes place between week 40-52 and result in onset of puberty [START_REF] Wistuba | Meiosis in autologous ectopic transplants of immature testicular tissue grafted to Callithrix jacchus[END_REF]. In a previous study we collected data to characterise marmoset puberty in more detail at the hormonal level. We showed that gonadal activation is evident at week 21 and the male marmoset reaches the pubertal threshold around week 43, attains adult hormonal and histological parameters at week 53 and reaches maturity at week 70 of age. Serum testosterone and intratesticular androgens are highly variable without identifiable correlation with pituitary CG as measured by in vitro bioassay [START_REF] Chandolia | Changes in endocrine profile and reproductive organs during puberty in the male marmoset monkey (Callithrix jacchus)[END_REF].
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To date, nothing is known about the testicular and the adrenal gland LHR expression pattern during pubertal maturation in primates including the human. In the present study we characterised for the first time the LHR splicing pattern in the testis during puberty and, furthermore, we quantified mRNA LHR expression in marmoset monkeys in the testis and in the adrenal gland.

Material and Methods

Animals and study design

The animals used for this study were described previously [START_REF] Chandolia | Changes in endocrine profile and reproductive organs during puberty in the male marmoset monkey (Callithrix jacchus)[END_REF]. 25 male marmoset monkeys (Callithrix jacchus) of five age groups were selected (n=5). The age (mean ± SEM) groups were 21.5 ± 0.1 weeks (group a, prior to puberty in the quiescent phase), 43.3 ± 0.7 weeks (group b, at the onset of puberty), 52.8 ± 0.3 weeks (group c, full puberty, at the very end of puberty), 70.1 ± 0.4 weeks (group d, mature) and 116.8 ± 20 weeks (group e, full adult with fathered offspring). For comparison we analysed also two prepubertal (7.7 weeks and 17.4 weeks of age respectively) and two adult (both 72.8 weeks of age) female marmoset monkeys. Both adult females were in the luteal phase (progestrerone levels: 230 ng/ml and 177 ng/ml respectively). The experimental work was performed in accordance with the German Federal Law on the Care and Use of Laboratory Animals (License G67/2001).

RNA-Isolation and Analysis

Total RNA from testis and adrenal gland (n = 25) was isolated using the Ultraspec R reagent (AMS GmbH, Wiesbaden, Germany) following the manufacturer's protocol. To remove DNA traces in the RNA preparation, samples were treated with DNase (DNAse Kit, Ambion Ltd., Huntington, UK). 2 µg RNA (per 20 µl RT reaction) were reverse-transcribed using the Superscript II system (Stratagene, Heidelberg, Germany). Quantitative PCR analysis of marmoset LHR was performed by TaqMan technology using ABI Prism 7000 Sequence Detection System (Applied Biosystems, Darmstadt, Germany) according to the manufacturer's guidelines.

The realtime PCR assay was designed to amplify sequence stretches on the boundary between exon 2 and 3. The primer pairs and FAM-labelled (6-carboxy-fluorescein) probes for each assay were:

MM_Ex2-3-75F 5'-AGCTTTCAGAGGACTTAATGAGGTT-3' MM_Ex2-3-75R 5'-AGCTTCTATCCTTTCCAGGGAATCA-3' MM_Ex2-3-75M2 FAM 5'-CTCTGAGAGATTTCAATTTT-3'
The assay had an equal efficiency (characterised by the slope of the standard curves) allowing comparison of the mRNA levels of the different transcripts. The 18S gene (commercial assay, Applied Biosystems, Darmstadt, Germany) was used as endogenous control to normalise for variations in the cDNA amounts. To obtain the relative quantification of the LHR gene expression all results were normalised to an external adult marmoset. Each PCR reaction contained cDNA derived from 100 ng (LHR assays) or 333 pg (18S assay) total RNA. PCR conditions were: 10 min 95°C, 40 × 15 s 92°C and 1 min 60°C (annealing and extension).

Samples were analyzed in triplicates. Relative gene expression analysis was performed according to the 2 -ΔΔC T method [START_REF] Livak | Analysis of relative gene expression data using realtime quantitative PCR and the 2(-Delta Delta C(T)) Method[END_REF].

PCR conditions

Thirty-five cycles of PCR amplification were performed. Each cycle consisted of 50 s denaturation at 95 °C, 40 s annealing at 62 °C and 120 s at 70 °C for enzymatic extension.

Due to the high CG-content of exon 1 and at the 3´-end of exon 11 the primers were located in exon 2 and at the beginning of exon 11.

LHR jav D fw (exon 2) 5'-GCTTTCAGAGGACTTAATGAG -3' LHR jav C3 rev (exon 11) 5'-AGGGATTAAAAGCATCTGGTT -3'

After PCR, the amplicons were electrophoresed on 1.5% agarose gels and visualized after ethidium bromide staining by UV fluorescence. To identify the different LHR splice variants, the amplicons were ligated into pGem-T easy-vector (Promega, Madison, WI, USA) and sequenced using the dideoxynucleotide termination method [START_REF] Sanger | DNA sequencing with chain-terminating inhibitors[END_REF].

Hormone assays

Hormone values were measured in the previous study [START_REF] Chandolia | Changes in endocrine profile and reproductive organs during puberty in the male marmoset monkey (Callithrix jacchus)[END_REF]. These assays included the measurement of serum and intratesticular testosterone by an in-house RIA method [START_REF] Chandolia | Comparative effects of chronic administration of the non-steroidal antiandrogens flutamide and Casodex on the reproductive system of the adult male rat[END_REF]. BioCG was measured in pituitary homogenates by an in vitro bioassay as described previously [START_REF] Müller | Chorionic gonadotrophin beta subunit mRNA but not luteinising hormone beta subunit mRNA is expressed in the pituitary of the common marmoset (Callithrix jacchus)[END_REF].

Statistical analysis

Correlation analyses were performed by SPSS (SPSS, Inc., version 14.0.1, Chicago, IL, USA)

by Spearman rank order correlation, p<0.05 was considered significant.

Results

Different splicing variants of marmoset LHR in the testis

To examine the developmental time course of the LHR expression, we analysed the splicing pattern of the marmoset LHR RNA in the testis during pubertal development. Testicular RNA of animals of different ages, from prepubertal to adult, was isolated, reverse transcribed and used as a template for PCR. Due to the high CG-content of exon 1 and of the 3´-end of exon 11, which result in aberrant amplification, the primers were located in the middle of exon 2 and at the beginning of exon 11.

Fig. 1A demonstrates the splicing pattern of the LHR in the testis during pubertal development. Multiple splice variants could be detected. We determined ten different bands with similar intensities in each age group with no puberty-associated difference.

Fig. 1B displays the splicing pattern of two prepubertal (lane 1 and 2) and two adult female marmosets (lane 3 and 4) compared to one adult male monkey (lane 5). The splicing patterns were the same in both sexes independent from age.

To identify the different variants, the PCR products of one male adult monkey were ligated into the pGem-T easy-vector. From over 200 clones twenty variants with different insert sizes were sequenced and aligned with the published marmoset LHR cDNA sequence (U80673) using NCBI Blast (http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi). We identified eleven different LHR variants (Fig. 2). As expected, exon 10 was absent in all variants. Ten Due to comparable sizes of some variants, no perfect match of the nine bands of the agarose gel (Fig. 1A) to the eleven splice variants (Fig. 2) was obtained. Presumably, band D and I contained two variants each and were therefore named D and D* and I and I*.

Fig. 3 shows the densitometric analysis of the amplicons of Fig. 1 which revealed no particular pubertal-associated variance between the age groups. Semiquantitative densitometric analysis suggested that the total amount of all splice variants together seems to be much higher (about 6-fold) than the full length LHR mRNA.

In the adrenal gland the splicing pattern in all five age groups was much less evident and too weak to be analysed in detail (data not shown).

Relative quantification of marmoset LHR gene expression during pubertal maturation in the testis and the adrenal gland

To analyse LHR expression during pubertal development in marmoset monkeys in quantitative terms we applied realtime PCR. The assay was designed to amplify a sequence stretch on the boundary between exon 2 and 3 to exclude genomic DNA due to the low CGcontent in this region. With this strategy we detected the full length LHR mRNA along with the splice variants C, D*, E, H and I, as noted in Fig. 2.

In both tissues, testis and adrenal gland, the LHR expression levels did not change with age (Fig. 4) and Spearman-rank order correlation revealed no significant correlation between the testicular (p=0.936) and the adrenal gland (p=0.450) expression levels and age. The adrenal gland displayed on average a 4-fold lower LHR expression level compared to the testis.

Spearman-rank order correlation showed that pituitary CG, serum testosterone and intratesticular testosterone were not correlated with the testicular or the adrenal gland LHR expression (Table 1, p>0.05). In order to assess the efficiency of testosterone production in relation to the LHR expression, we calculated the ratios of serum testosterone (T) and intratesticular testosterone (ITT) to LHR expression levels (Fig. 5). The analysis revealed an increase with animal age which reached significance for the T/LHR ratio (p=0.007),
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Discussion

Different splicing variants of marmoset LHR in the testis

In evolutionary processes several single-copy genes were duplicated and many of them showed modified sequences and functions. RNA splicing is an essential, precisely regulated post-transcriptional process that occurs prior to mRNA translation. In this study, we showed for the first time that splice variants of the LHR are present in the marmoset monkey. We were able to detect eleven different LHR isoforms in the testis with no age related change in the splicing pattern. Interestingly, we detected a very homogenous splicing pattern in all five animal groups with similar intensities showing no puberty-associated difference. Since, the expression pattern in the ovary was the same compared to the male monkeys suggesting that in this species no gender-specific regulation of splicing pattern occur.

In contrast to other studied animals and humans (Bacich et al., 1994;Rheinholz et al., 2000;Madra et al., 2004), there was no preferred splicing variant in the testis. This indicates that no change in the LHR isoforms occurs at pubertal maturation. However, the fact that the overall amount of all splice variants in every age-group seems to be even higher compared to the full length LHR mRNA, indicates that splicing plays an important role for LHR function at all ages.

As expected, all variants were lacking exon 10 and in two thirds of all isoforms more than four exons were skipped. The splice variants were demonstrated at the mRNA level and we can only speculate about their possible function. Splicing has a largely hidden function in gene control. It is a modification of genetic information at the pre-mRNA level, in which introns are removed and exons are joined. Especially the sequence of the 5´-splice site can be involved in both splicing processes, constitutive and alternative splicing, and is used for the regulation of the inclusion/skipping ratio in alternative splicing (Ast, 2004). The physiological importance of splicing became evident during recent years with the concept that, together with nonsense-mediated decay, alternative spliced variants are involved in the regulation of 12 transcript abundance [START_REF] Stamm | Function of alternative splicing[END_REF]. The eleven different LHR isoforms, detected in this study with an apparent predominance of the larger ones, suggest a precise function in transcript regulation. Whether one or more of these variants are translated into proteins remains unknown.

Two thirds of the variants were lacking exon 9, along with other exons. [START_REF] Minegishi | Expression of luteinizing hormone/human chorionic gonadotrophin (LH/HCG) receptor mRNA in the human ovary[END_REF] detected a human LHR isoform lacking only exon 9 which was able to interact with the wild type receptor and these complexes were transported to the lysosomes and degraded. As a consequence, coexpression resulted in reduced membrane density of the full-length LHR and impaired cAMP accumulation [START_REF] Nakamura | A splice variant of the human luteinizing hormone (LH) receptor modulates the expression of wild-type human LH receptor[END_REF]. It is possible that the isoforms identified in this study were able to act in a similar way, particularly those lacking exon 9 (E, H, I and I*). Further studies are needed to characterise the function of the splice variants.

Possible approaches could be coexpression with the full-length receptor or inhibition of a variant by in vitro siRNA-studies followed by analysis of the receptor surface expression and signal transduction.

Relative quantification of marmoset LHR gene expression during pubertal maturation in the testis

We previously showed that marmosets have extremely variable individual testosterone concentrations and testis weights during the pubertal process [START_REF] Chandolia | Changes in endocrine profile and reproductive organs during puberty in the male marmoset monkey (Callithrix jacchus)[END_REF]. In a previous study Zhang et al. (1994) analysed testicular LHR mRNA levels in rats during fetal and postnatal life and detected high mRNA LHR expression in the fetus, which decreased after birth and increased again upon reaching adulthood. In contrast, we detected no increase in the testicular LHR gene expression levels with age. As published earlier [START_REF] Chandolia | Changes in endocrine profile and reproductive organs during puberty in the male marmoset monkey (Callithrix jacchus)[END_REF], we were unable to show any significant increase of intratesticular testosterone levels with age, possibly reflecting high heterogeneity of this rather crude parameter among the individual animals and suggesting that secretion increases more than production during A c c e p t e d M a n u s c r i p t 13 pubertal maturation. However, the ratio between serum testosterone and the LHR expression levels revealed that a progressive increase of the serum testosterone levels with age occurs despite a constant mRNA LHR expression level during pubertal maturation. This suggests that the endocrine system reaches its efficiency during pubertal development in which it is not necessary to increase LHR transcription to become able to stimulate the secretion of higher serum testosterone values.

Relative quantification of marmoset LHR gene expression during pubertal maturation in the adrenal gland

Within recent years the presence of the LHR in the adrenal cortex in healthy humans as well as in adrenocortical tumors was documented [START_REF] Leinonen | Testosterone-secreting virilizing adrenal adenoma with human chorionic gonadotrophin receptors and 21-hydroxylase deficiency[END_REF][START_REF] Pabon | Novel presence of luteinizing hormone/chorionic gonadotropin receptors in human adrenal glands[END_REF]Carlson, 2007). In humans, the LHR is expressed in the zona fasciculata and zona reticularis but its function is still under investigation [START_REF] Pabon | Novel presence of luteinizing hormone/chorionic gonadotropin receptors in human adrenal glands[END_REF]. This was the first time that adrenal gland LHR expression was analysed during pubertal maturation in a non-human primate model. We detected a 4-fold lower LHR expression in the adrenal gland with no significant changes during puberty. This suggests that the main function of the receptor is confirmed for the testis and is negligible in the adrenal gland. This is consistent with the data of [START_REF] Piltonen | Ovarian and adrenal steroid production: regulatory role of LH/HCG[END_REF] which showed that the LHR ligands, LH and hCG, do not play a major role in the regulation of adrenal steroid synthesis in endocrinologically healthy women [START_REF] Piltonen | Ovarian and adrenal steroid production: regulatory role of LH/HCG[END_REF]. In mice only chronically elevated serum LH induces elevated LHR expression which leads to LH-dependent corticosterone production [START_REF] Kero | Elevated luteinizing hormone induces expression of its receptor and promotes steroidogenesis in the adrenal cortex[END_REF].

In summary, we describe for the first time the marmoset LHR splicing pattern and gene expression during pubertal development. We conclude that the splicing process seems to play an important role for LHR expression but has no major function during pubertal maturation.

The knowledge of splicing variants is important for future studies to characterise their 
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Fig. 4

Relative quantification of LHR gene expression in the testis and the adrenal gland of marmoset monkeys at different ages. Twenty four animals of different ages (age range 21.5-194.3 weeks) were analysed. The assay detected the full length LHR and splicing variants C, D*, E, H and I as reported in Fig. 2. In both tissues, in the testis and in the adrenal gland, the LHR expression levels showed no significant changes during pubertal maturation (Spearmanrank order correlation, p<0.05). Please notice the different scale of ordinate axis.

Fig. 5

Correlation of ratios between serum or intratesticular testosterone and LHR expression levels in the testis during pubertal development.

Spearman-rank order correlation revealed a significant positive correlation for T/LHR (p = 0.007, r s =0.584,n=24) but not for ITT/LHR (p=0.947, r s =-0.014, n=24). Age range 21. 5-194.3 weeks.

Table 1

Spearman-rank order correlation among hormonal parameters and the relative LHR gene expression levels in the testis and the adrenal gland. p<0.05 was considered statistically significant. The correlation coefficient is given as r. Figure 5 

  variants (A, C, D, D*, E, F, G, H, I and I*) displayed exon skipping of up to six exons. In addition, one variant (B) was generated by exon skipping and the usage of cryptic splice sites. The 5´-part (24bp) of exon 4 in clone B was skipped. All clones demonstrated no shift in the open reading frame.
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  c c e p t e d M a n u s c r i p t 14 function. Our results indicate that the main function of the LHR is established in the testis, reaching its efficiency during pubertal development, and plays a minor role, if any, in the adrenal gland.

Fig. 1 AFig. 2 Marmoset

 12 Fig. 1 A LHR splicing patterns in the testis in marmoset monkeys of different ages during pubertal maturation. The scheme on top of the gel assembles the structure of the LHR, base pair (bp) length is indicated above each exon. The 1.5% agarose gel shows the full length LHR cDNA and the splice variants (A-I) of one selected animal per age group (a-e). Due to the high CGcontent of exon 1 and at the 3´-end of exon 11, splice variants were detected with primers located in exon 2 and at the beginning of exon 11, indicated by the black arrows. The wt-band had a length of 780bp. Ten bands could be detected for each age group not showing any puberty-associated difference in their pattern. M: marker, group a: 21.5±0.1 weeks, group b: 43.3±0.7 weeks, group c: 52.8±0.3 weeks, group d: 70±0.4 weeks, group e: 116.8±20.0 weeks, ntc: negative control (-RT) B Comparison of testicular and ovarian LHR splicing patternThe 1.5% agarose gel shows a similar splicing pattern in the ovary of two adult and two prepubertal female marmosets compared to the testicular tissue of one adult male monkey. M: marker, lane 1 and 2: adult female marmoset monkeys (both 73 weeks), lane 3: prepubertal female marmoset monkey (7.7 weeks), lane 4: prepubertal female marmoset monkey (17.4 weeks), lane 5: adult male marmoset monkey (70 weeks), ntc: negative control (-RT)

Fig. 3

 3 Fig. 3 Densitometric analysis of the LHR splice variants at different ages (n=3 animals per age group) during pubertal development. The intensity of each amplicon was normalised to the wt-band. The data are shown as mean±SEM. Group a: 21.5±0.1 weeks, group b: 43.3±0.7 weeks, group c: 52.8±0.3 weeks, group d: 70±0.4 weeks, group e: 116.8±20.0 weeks.

  Fig. 1

  Figure2

Fig. 3

 3 Fig.3

  Figure3

Acknowledgments

The authors would like to thank Nicole Terwort for technical assistance, Prof. Eberhard Nieschlag for constant support of the project, Martin Heuermann and Günther Stelke for taking care of the animals, as well as Reinhild Sandhowe-Klaverkamp for the hormone measurements. Susan Nieschlag M.A. deserves special acknowledgements for language editing of the manuscript. This work is supported by grants of the German Research Foundation (GR 15471-8/1) and the Innovative Medical Research Fund of the Medical Faculty of the University (IMF grant No GR 510601).

A c c e p t e d M a n u s c r i p t 21 Zhang,F.P., Hamalainen,T., Kaipia,A., Pakarinen,P., and Huhtaniemi,I., 1994