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Abstract

Aneuploidy induction in male germ cells of mice and men after chronic exposure to diazepam (DZ; CAS 439-14-5; Valium®) was assessed by multicolor fluorescence in situ hybridi​zation (FISH). DZ, a widely administered sedative and muscle relaxant, was proposed to act as an aneugen by disturbing spindle function in various assay systems. Male mice were treated by oral intubation with 3 mg/kg DZ once or daily for 14 consecutive days. At 22 days after the last treatment, epididymal sperm were collected from the caudae epididymes. Evaluation of aneuploid and diploid sperm (10,000 sperm per animal) was performed by multicolor FISH employing DNA probes specific for chromosomes X, Y, and 8 simultaneously. We found a significant increase in the frequency of disomy 8 in subchronically DZ-treated mice when compared to the concurrent solvent control group (2.4-fold; p<0.01), while no increase was detected for sex-chromosome hyperhaploidies. No effect was seen when mice were treated with a single dose (3 mg/kg DZ). In a parallel human approach, two men were evaluated who chronically ingested >0,3 mg/kg/d DZ for more than 6 months. Multicolor FISH was applied to human sperm probing for chromosomes X, Y, and 13. Frequencies for sperm with disomy 13, disomy X, and total sex-chromosomal disomies were found to be elevated among the two subjects after chronic DZ-exposure compared to control subjects. In conclusion, the results indicate that diazepam acts as an aneugen during meiosis in male spermatogenesis, both in mice and humans. The quantitative comparison indicates that humans may be at least 10 times more sensitive than mice for aneuploidy induction by DZ during male meiosis. 

1. Introduction

Diazepam (DZ) was selected from a group of known or suspected aneugens which were emphasized for testing in a coordinated research program on chemically induced aneuploidy funded by the Commission of the European Union (EU) [1,2]. DZ was shown to inhibit centriolar separation which caused mitotic arrest during mitosis in cultured human fibroblasts [3]. Aberrant forms of microtubules were observed during assembly of isolated bovine microtubules in vitro [4]. Additionally, a reduction of mitochondria assembly to microtubules was seen in DZ-exposed mouse oocytes in vitro [5,6]. A dose-dependent metaphase arrest and an increased fraction of monopolar spindles in connection with multiple chromosome dislocations were seen with a 3-hour DZ-exposure in two pulmonary-derived Chinese hamster cell lines, the immortal DON:Wg3h culture and a low passage LUC2 culture. After 12 hours, more multipolar spindles emerged and a cytotoxic effect became evident [7]. In spermatocytes of mice, doses starting from 150 mg/kg DZ caused loss of chromosomes and monopolar spindles detected by immunofluorescent staining procedures [8]. Significant [9] as well as non-significant induction [10] of aneuploidy in spermatocytes after DZ exposure was seen by chromosome counting in second meiotic metaphase cells. A single treatment of mice with a dose of 300 mg/kg induced a significant increase of disomies in epididymal sperm detected by multicolor fluorescence in situ hybridization (FISH) [11]. 

For detecting numerical chromosome aberrations as a consequence of non​disjunction and missegregation during meiosis, FISH with chromosome-specific DNA probes can be employed to analyze sperm of any species, i.e. murine epididymal sperm as well as human sperm. Up to four chromosomes can be analyzed simultaneously by the FISH techniques in order to evaluate sperm with numerical chromosome aberrations [13-15]. 

In the present paper, the aneugenic effect of DZ after chronic exposure was evaluated in epididymal sperm of young adult mice. Additionally, human male germ cells of two men were analyzed. The multicolor FISH assays were performed with specific DNA probes for mouse chromosomes X, Y, and 8 and human chromosomes X, Y, and 13. Additionally, the sensitivities of murine and human germ cells after chronic exposure (this paper) and single acute exposure to DZ [11,16] were compared.

2. Materials and methods

2.1.  Cohorts

For the animal experiment, male (102/ElxC3H/El)F1 mice aged 10-14 weeks and weighing 25-30 g were employed. Animals were bred in the GSF mouse colony. DZ obtained from Hoffmann-La Roche, Basel (Switzerland), was dissolved 1:10 in ethanol and corn oil. Groups of five male mice were randomly selected for treatment and concurrent solvent control groups (oil and ethanol-oil). Mice were either treated daily for 14 consecutive days with 3 mg/kg DZ or received a single dose of 3 mg/kg DZ. A volume of 0.1 ml DZ-solution or pure solvent per 10 g body weight was applied by oral intubation. For both single and chronic exposure to DZ, males were sacrificed 22 days after the last application of DZ or the solvents and sperm were collected from the caudae epididymes [17]. In contrast to the single exposure during both meiotic divisions, mice with a subchronic exposure were treated during the entire meiotic prophase [18].

In collaboration with the Department of Psychiatry, Ludwig-Maximilians-University, Munich, two hospitalized patients were recruited who gave their informed consent to participate in this study. Only adult males could be accepted if they had no other major psychiatric diagnosis, no major somatic disease, no concurrent medication and no dependence on any other drugs. Semen was collected within 40 days after being hospitalized. As these patients suffered from a chronic DZ-intoxication there was no need to determine a particular collection window as long as the semen was donated within 40 days after reducing the DZ-intake towards zero. According to the duration of human spermatogenesis, spermatocytes are not ejaculated as mature sperm until 40-50 days post-meiosis. Healthy men from the same local area and age-matched to the DZ-exposed patients served as a reference. Confounding factors such as smoking status, alcohol consumption, medical treatment with possible aneugenic agents and severe illness with fever were taken into account. Patients were excluded from the study if any of the confounding factors could possibly induce aneuploidy during spermatogenesis. Semen analysis was done within 2 hours after collection according to the WHO manual [20]. 
2.2. Preparation of sperm 

The preparation technique for epididymal murine sperm was based on the procedure developed by Lowe et al. [19]. Both caudae epididymes were dissected and placed with incisions into Eppendorf cups filled with 300 µl of fetal calf serum (FCS). The incubation at 32(C allowed the sperm to actively leave the epididymes. After 30 min the epididymes were removed and the sperm suspensions were stored at -80(C. Fresh or thawed unfixed sperm suspensions (7µl) were pipetted onto ethanol-cleaned dry glass-slides, spread along the slide and allowed to dry overnight. Slides were stored at -20(C in nitrogen atmosphere.

 The fresh human semen was aliquoted in 0.5 ml cryo-vials and stored at ‑80°C in the freezer. Thawed human semen samples were spread on clean glass slides and air-dried.

2.3. Sperm pretreatment

Prior to in situ hybridization, the slides with the murine sperm were heated for 5 min at 70(C on a hot plate; human sperm slides remained unheated after thawing. Slides were placed into a Coplin jar with 10 mM dithiothreitol (DTT, Sigma, Deisenhofen, Germany) for 30 min on ice followed by incubation in 4 mM lithium-3,5-diiodosalicylic acid (LIS, Sigma, Deisenhofen, Germany) for 30 min (mouse sperm) or 60 min (human sperm), respectively, at room temperature [21]. The slides were then dried at room temperature.

2.4. Preparation of the DNA probes
Mouse chromosome-specific DNA-probes for chromosome 8 [22], chromosome X [23] and chromosome Y [24] were employed for multicolor FISH on mouse sperm. Human chromosome-specific DNA-probes for chromosome X (clone gratefully provided by H.-U. Weier, Berkeley, USA) and Y [25] as well as for chromosome 13 (Oncor P5314-DG.5, Quint-Essential() were used for multicolor FISH on human sperm. Plasmid-DNA isolations were performed using the Plasmid Maxi Kit form Qiagen (Hilden, Germany) and the Wizard Plus SV Miniprep Kit from Promega (Mannheim, Germany). 

Probes were labeled with bio-dUTP and dig-11-dUTP (Roche Diagnistics, Mannheim, Germany), respectively, using the Nick Translation System (Life Technologies, Eggenstein, Germany). The murine and human chromosome X probe was labeled with a combination of bio-16-dUTP and dig-11-dUTP. The murine chromosome Y probe was labeled with dig-dUTP. The human chromosome Y probe was labeled bio-16-dUTP. Bio-16-dUTP was also used for the murine chromosome 8 probe. The commercial human chromosome 13-specific probe was already bought with a digoxigenin label.

2.5. Multicolor FISH
Hybridizations were performed according to a modified technique of Pinkel et al. [26,27]. Labeled probes were mixed with Master Mix 2.1 (55% formamide, 10% dextran in 1x SSC) and denatured at 78(C for 8 min. The sperm slides were denatured in 70% formamide (in 2x SSC, pH 7.0) at 78(C for 5 min, dehydrated in an alcohol series (70%, 90% and 100%, 2 min each) and dried on a slide warmer at 37(C for 3 min before application of the denatured hybridization mix.

 Hybridization was carried out for 24-48 h at 37(C. Post-hybridization washings consisted of 2 steps: 15 min in 50% formamide (2x SSC, pH 7.0) at 45(C and 30 min in PN-buffer at 37(C. The probes were immunodetected by streptavidine-Cy3 (chromosome 8) and anti-dig-FITC (chromosome Y) and the combination of both (chromosome X). The nuclei were counterstained with DAPI (4,6-diamidino-2-phenylindole; 0.1 µg/ml PBS) for 10 min at room temperature and cover-slipped in Vectashield (Vector Labs., CA, USA). Slides were stored at 4(C in the dark.

2.6. Scoring

All slides in these experiments were coded so that scoring biases could be excluded. At least 10,000 cells per individual were microscopically examined for aneuploidy using a Zeiss Axioplan Fluorescence Microscope (Zeiss, Germany). The microscope was equipped with the following filters: Triple filter (triple band-pass filter set No. 61000, Chroma Technology, Brattleboro, USA) for simultaneous visualization of green (FITC), yellow (FITC + Cy3), red (Cy3) fluorescence hybridization domains and the blue (DAPI) fluorescence of the sperm nuclei; individual filters for each of the fluorochromes (FITC: HQ 480/40, HQ 535/50; Cy3: HQ 535/50, HQ 610/75, Chroma Technology, Brattleboro, USA and DAPI: BP 365, LP 397, Zeiss, Germany) to digitize the image. Every sperm showing an abnormal number of hybridization domains was recorded by digitizing the microscopic image with the computer program ISIS3 (MetaSystems, Altlussheim, Germany). 

Strict scoring criteria were followed for the analysis of all slides. Only single and intact sperm nuclei with a homogeneous DAPI intensity were scored. The following criteria for abnormal sperm phenotypes were used: a. the intensity and outline of the signal domains have to be similar, b. being localized within the nucleus and c. the domains should be comparable to those in the surrounding cells. Cells were scored as having two domains of the same color if both signals were of similar size and intensity, and were separated by at least one half of a signal diameter. Those fluorescence phenotypes were characteristic for hyperhaploidies (disomies). Frequencies for disomies and diploidies were scored and listed in a file. The frequencies of sperm with nullisomic phenotypes were also scored but not included in the statistical analysis. This procedure is justified because loss of a chromosome domain could be due to technical artifact.

3. Results

3.1. Mouse results

Four cohorts of five animals each were evaluated with the X-Y-8 multicolor FISH assay for this study: one group treated with 3 mg/kg/d DZ over 14 consecutive days, one group treated with a single dose of 3 mg/kg DZ and two groups of control mice, an ethanol-oil (1:10) and an oil group. The latter group was added to this study in order to exclude ethanol-induced aneuploidy because ethanol may act as an aneugen at higher concentrations [28,29]. Both reference groups showed similar total aneuploidy frequencies of 0.038% (ethanol-oil) and 0.036% (oil), respectively (Tab. 1). This indicates that ethanol at the concentration used had no aneugenic effect on male meiosis. No significant deviation from the expected ratio of 1:1 for X- and Y-bearing sperm was found in any of the four animal groups. After treatment during the complete prophase stage, diazepam induced significantly elevated frequencies of autosomal disomies of chromosome 8 (0.044%) compared to both controls (Tab. 1). Disomy 8 consists of two fluorescent phenotypes X88 (0.028%) and Y88 (0.016%), which were both significantly elevated. However, the frequency for total hyperhaploidy was increased by 1.5-fold, which was not significantly different from the controls. The rate of total diploid sperm was slightly but significantly increased only when compared to the oil control group. In comparison to the ethanol-oil control group no significant elevation was seen. Basically, approximately one diploid sperm per 10,000 cells was found after subchronic DZ-treatment (0.008%, Tab. 1). 

After a single exposure of male mice with 3 mg/kg DZ, no significant induction of aneuploidies was observed (Tab. 2). In contrast to the subchronic intoxication, in this part of the study only meiotic divisions I and II were exposed to DZ with a single low dose.

3.2. Human Results

In parallel, the induction of aneuploidy in humans was assessed in sperm of two patients who were hospitalized for detoxification from DZ. Both patients had consumed DZ (estimated dose of >0.3 mg/kg/d) on a daily basis for more than 6 months. Given the strict exclusion and inclusion criteria recruitment turned out to be challenging. 

Prior to the detection of numerical chromosome aberrations by multicolor FISH, the semen quality was determined and sperm counts were performed according to the WHO [20]. A apparent reduction of the sperm counts was detected (Tabs. 4 and 5). Conspicuously, semen of chronically exposed men showed a 3.8 times lower sperm concentration (39 vs. 149 million sperm per ml) when compared to the healthy donors. A statistical approach was not appropriate as only two patients participated. 

Sex ratios were found to be in the same range as the theoretical ratio of 1:1 for X- vs. Y-bearing sperm. The frequency for disomy X was elevated by 2.3-fold (Tab. 3). Additionally, the frequency for disomy 13 was also increased. More sperm disomic for chromosome 13 were observed carrying a Y-chromosome. The total frequency of hyperhaploidy (0.265%) was clearly elevated when compared to the men serving as a reference (0.128%). The total diploidy rate was slightly increased (1.6-fold). One tetraploid sperm carrying more than one flagellum was found among 20,398 evaluated sperm in semen samples of chronically DZ-exposed men (Tab. 3). All diploid and tetraploid sperm were checked by phase-contrast microscopy for their morphologies in order to distinguish precisely between somatic and germ cells.

4. Discussion

The aneugenic effect of DZ seen in the present study is consistent with that observed in recent reports. In vitro studies already demonstrated the aneuploidy-inducing effect of DZ on dividing cells. Chromosomal aberrations and a dose-dependent increase of diploidy were detected in CHE-3N cells after treatment with DZ [30]. Additionally, cultivated Cl-1 Chinese hamster lung cells exhibited a strong DZ-effect accompanied by chromosome loss because of distorted chromosome segregation during metaphase [31]. Studies on bone marrow cells in mice implicated a non-linear dose-response relationship for the induction of micronuclei and hyperhaploidies [32], however, a linear dose-response was observed for hyperhaploidies in epididymal murine sperm in a range of 75 to 300 mg/kg single DZ-exposure [11]. Moreover, in secondary spermatocytes the frequency of hyperhaploidy and a meiotic delay was seen to be significantly elevated after DZ exposure [9]. In contrast, Marchetti et al. [33] found no induction of meiotic arrest or aneuploidies in mouse oocytes (upon simultaneous hyperovulation with choriongonadotropin) after doses of DZ up to 150 mg/kg. This was well in line with results of Schmid et al. [11] who only found a significant increase in aneuploid murine sperm at the highest dose of 300 mg/kg. In human lymphocytes as well as in sperm of patients who were intoxicated with a DZ-overdose the aneugen induced aneuploid cells during mitosis or meiosis, respectively [16,34]. However, a single high dose of DZ did not increase the frequency of aneuploidy syndromes or epidemiologically detectable mutations among the offspring of 2,503 pregnancies. Czeizel calculated that it would have been necessary to evaluate 13,500 livebirths in order to detect a doubling of germinal mutations [35].

Evaluation of semen quality and sperm count shortly after semen collection showed a reduction of the sperm count (Tab. 4 and 5). In fact, this lower number of sperm in the ejaculate could be attributed to a meiotic delay during chronic DZ-ingestion as reported by Miller and Adler [9] for single acute DZ treatment of male mice. Additionally, cytotoxic effects might play an important role during spermatogenesis.

In rodent sperm, the frequencies of autosomal disomies were significantly increased after DZ-intoxication as compared to the corresponding reference groups. Griffin et al. [36] describes that an extra chromosome 21 preferentially segregates with the Y- chromosome. Prior to the missegregation an abnormal recombination event had to occur which could not be resolved before the chromosomes migrated to a spindle pole [37]. In mice no such segregation of the autosome and one of the sex-chromosomes was seen in the present study. Among the two exposed men, slightly more sperm disomic for chromosome 13 were observed carrying a Y-chromosome than an X-chromosome. 

Although a significant increase of sperm with a disomy X genotype was reported after consumption of alcohol [28] the concentration of ethanol we used in one of our solvent controls did not induce detectable aneuploidy. In contrast to the subchronically exposed mice, in humans a apparent 2.3-fold induction of X-chromosomal hyperhaploidy was observed with DZ. This predominant action of DZ on the X-chromosome was also seen in semen of patients exposed to a single DZ-overdose [unpublished results]. The heterologous structure and the pairing behavior of the sex-chromosomes during meiosis form bivalents by pairing within short homologous pseudoautosomal regions (PAR) creating so-called sex-vesicles [38]. In fact, this might contribute to precocious separation of chromosomes leading to an increased aneuploidy rate [39]. Total hyperhaploidies induced were 5-fold higher in humans (0.265%) than in mice (0.053%). Those frequencies imply a 2.1 and 1.5-fold increase when compare to the respective control levels. Interestingly, the rates of spontaneous aneuploidies were up to 3.5 times higher in humans than in mice (Tab. 1 and 2). It has to be emphasized that the cohorts of mice used for this study showed a similar genetic background and came from a controlled environment so that only small variations within those groups were expected. 

Only in mice, a small but significant elevation in diploid sperm was seen. In both species, only diploid cells with one or more attached flagellae were analyzed. Remarkably, one tetraploid sperm was unambiguously found among the two DZ-exposed patients displaying a fluorescent phenotype of X-X-Y-Y-13-13-13-13 and several attached flagellae. In addition, some possible tetraploid sperm with flagellae were observed, too, but not taken into account because of their indistinguishable fluorescent phenotypes. Tetraploids only occur if both meiotic divisions are suppressed, followed by an error-free spermiogenesis. It is noteworthy that tetraploid sperm were also observed in semen samples from men exposed to a single DZ-overdose [40].

If the results of this work are compared with those of Baumgartner et al. [16] and Schmid et al. [11] a difference in sensitivity of mouse and human male germ cells against DZ becomes prominent. Mice treated subchronically with concentrations of 3 mg/kg DZ showed a significant increase of autosomal disomy (Tab. 1; Fig. 1: lower right part). In humans, chronically ingested doses of >0.3 mg/kg/d produced significant results (Tab. 2; Fig. 1: lower left part). Thus, the dose required for a significant effect in mice may be 10 times higher than in humans after continuous exposure (Fig. 1: lower arrow). If mice received a single dose of 3 mg/kg DZ (Tab. 3) no considerable elevation of aneuploidy could be detected. Only a single dose of 300 mg/kg produced a significant aneugenic effect (Fig. 1: upper right part) [11]. However, men who were exposed to a single DZ-overdose (on average 3 mg/kg) showed significant results in aneuploidy induction (Fig. 1: upper left part) [16]. Thus, the acute dose in mice to produce a significant effect was 100 times higher than in humans (Fig. 1: upper arrow). Chronic effective DZ-exposures as well as single effective exposures in both mice and humans produced approximately a doubling of aneuploidies when compared to the inherent level of spontaneous aneuploidy among germ cells within control groups. 

For the first time, our results reveal that human germ cells might be more susceptible to aneugens like DZ than murine germ cells. An explanation of those sensitivity differences may be a different metabolization or biotransformation of DZ by different isoforms of cytochrome P-450 enzymes in mice and humans, respectively, resulting in distinct quantitative or qualitative differences of aneugenic DZ-metabolites. On the other hand, human germ cells may actually be more sensitive than mouse germ cells for the chemical influences on the meiotic processes such as meiotic chromosome pairing and disjunction. Furthermore, cell cycle checkpoints may be prone to leakiness in humans but not in mice. Differences for checkpoint fidelity between male and female mouse germ cells have been discussed for DZ [6]. It is conceivable that similar differences exist between species particularly in view of the different spontaneous aneuploidy levels.

In conclusion, our results indicate that DZ acts as an aneugen on spermatocytes in mice as well as in humans. Chronic exposure, in contrast to a single high dose, has a potentially higher impact on meiotic germ cells as the whole prolonged meiotic prophase I is exposed to DZ. This is consistent with the observations that DZ is inhibiting centriolar separation [3] and proper microtubule formation of the meiotic spindle [5,6]. Further investigations with larger numbers of individuals are needed, however, they are difficult to realize since ethical aspects and strict exclusion criteria with respect to sole chronic DZ-exposure have to be employed.
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Table 1 : Aneuploidies in mouse sperm after subchronic DZ-exposure

	
	Control groups
	DZ-exposed group

	
	Corn oil
	Ethanol-oil 1:10
	(3 mg/kg/d)

	
	
	
	

	Scored sperm cells
	50,409
	50,562
	50,545

	
	
	
	

	
	
	
	

	Hyperhaploidies (%)
	
	
	

	
	
	
	

	Autosomal
disomy 8
	0.016 ( 0.001
	0.020 ( 0.002
	0.044 * §§ ( 0.004 

	

	
	
	

	Gonosomal 
disomy X
	0.016 ( 0.002
	0.012 ( 0.002
	0.008 ( 0.002

	
	
	
	

	
disomy Y
	0.002 ( 0.001
	0.006 ( 0.001
	0.002 ( 0.001

	
	
	
	

	
disomy X-Y
	0.002 ( 0.001
	0
	0

	
	
	
	

	
total
	0.020 ( 0.003
	0.018 ( 0.002
	0.010 ( 0.001

	
	
	
	

	Total
(sum)
	0.036 ( 0.003
	0.038 ( 0.003
	0.053 ( 0.005

	
	
	
	

	
	
	
	

	Polyploidies (%)
	
	
	

	
	
	
	

	Diploidy
	0
	0.004 ( 0.001
	0.008 * ( 0.001 

	
	
	
	


* Significantly different from oil-control group, p < 0.01 (Mann-Whitney test).
§§ Significantly different from oil-ethanol-control group, p < 0.05 (Mann-Whitney test).

Table 2: Numbers of aneuploid murine sperm after single DZ exposure

	
	Control group

(ethanol-oil 1:10)
	DZ-exposed group

(3 mg/kg)

	
	
	

	Scored sperm cells
	50,075
	50,079

	
	
	

	
	
	

	Hyperhaploidies (%)
	
	

	
	
	

	Autosomal
disomy 8
	0.018 ( 0.002
	0.024 ( 0.003

	

	
	

	Gonosomal 
disomy X
	0.015 ( 0.001
	0.026 ( 0.003

	
	
	

	
disomy Y
	0.006 ( 0.001
	0.010 ( 0.001

	
	
	

	
disomy X-Y
	0.012 ( 0.001
	0.006 ( 0.002

	
	
	

	
total
	0.034 ( 0.002
	0.042 ( 0.002

	
	
	

	Total
(sum)
	0.052 ( 0.003
	0.066 ( 0.004

	
	
	

	
	
	

	Polyploidies (%)
	
	

	
	
	

	Diploidy
	0.004 ( 0.001
	0.008 ( 0.003

	
	
	


Table 3: Aneuploidies in human sperm after chronic DZ-exposure

	
	Control
	DZ-exposed men
(>0.3 mg/kg/d)

	
	
	

	Scored sperm cells
	20,278
	20,398

	
	
	

	
	
	

	Hyperhaploidies (%)
	
	

	
	
	

	Autosomal
disomy 13
	0.049 ( 0.014
	0.108 ( 0.007 

	

	
	

	Gonosomal 
disomy X
	0.044 ( 0.004
	0.103 ( 0.003 

	
	
	

	
disomy Y
	0.010 ( 0.007
	0.015 ( 0.010

	
	
	

	
disomy X-Y
	0.025 ( 0.010
	0.039 ( 0.010

	
	
	

	
total
	0.079 ( 0.014
	0.157 ( 0.000 

	
	
	

	Total
(sum)
	0.128( 0.000
	0.265 ( 0.007

	
	
	

	
	
	

	
	
	

	Polyploidies a (%)
	
	

	
	
	

	Diploidy
	0.104 ( 0.004
	0.162 ( 0.017

	
	
	

	Tetraploidy
	0
	0.005 ( 0.003

	
	
	


a Only sperm carrying one or more flagellae were taken into account in order to differentiate between diploid sperm and diploid somatic cells.
Table 4: Spermiogram results of chronically DZ-exposed patients.
	Donor a
	Age

(yrs.)
	DZ-dose

(mg/kg/d)
	Sperm-

conc.

(106/ml)
	Volume

(ml)
	Motility b 

(%)


	Morpho-

logy

(%normal)

	
	
	
	
	
	
	

	DD1
	40
	> 0.2 
	36
	2.4
	60/20/10/10
	80

	DD2
	33
	> 0.4
	42
	3
	60/10/10/20
	80

	
	
	
	
	
	
	

	Mean ( (n-1 :

	
	
	> 0.3
	39 ( 4.2 
	2.7 ( 0.4
	60 ( 0 

15 ( 7.1

10 ( 0

15 ( 7.1
	80 ( 0

	
	
	
	
	
	
	


a Recruited at the Department of Psychiatry, Ludwig-Maximilians-University, Munich. 

b 4 phenotypic groups of sperm were evaluated: fast / slow / non-progressive / immobile.

Table 5: Spermiogram results of healthy donors.

	Donor a
	Age

(yrs.)
	Sperm-

conc.

(106/ml)
	Volume

(ml)
	Motility b 

(%)


	Morpho-

logy

(%normal)

	
	
	
	
	
	

	CD1
	30
	101
	2.8
	80/15/5/10
	80

	CD2
	33
	197
	1.8
	80/10/5/5
	85

	

	Mean ( (n-1 :

	
	
	149 ( 67.9
	2.3 ( 0.7
	80 ( 0 

12.5 ( 3.5

5 ( 0

7.5 ( 3.5
	82.5 ( 3.5

	
	
	
	
	
	


a Recruited from the Munich area. 

b 4 phenotypic groups of sperm were evaluated: fast / slow / non-progressive / immobile.
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Figure 1 

Figure 1:
Comparison of single and chronic DZ-intoxication between men and mice: Human spermatocytes seem to be about 100x more sensitive to DZ, as a 3 mg/kg DZ-exposure in men was as effective as 300 mg/kg exposure in mice (upper arrow). A factor of 10 was observed after chronic DZ-exposure, 0.3 mg/kg/d in humans showed a similar effect when compared to 3 mg/kg/d exposure in mice (lower arrow). Each time approximately a 2-fold increase of induced aneuploid sperm was seen.
