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Introduction 

Many researchers have reported that in utero and lactational exposure lo dioxins including 

2,3,7,8-telrachlorodebenzo-p-dioxin (TCDD) resulted in a variety of adverse effects on the male 

reproductive system, i.e., reduced sperm count (1, 2, 3), reduced size of reproductive organs (4, 5). 

Among them, the reduced sperm count is the mosl importanl effecl in lerms of male infertility. The 

preseni sludy, however, effects ofTCDD on spermatogenesis of offspring malemally exposed lo 

TCDD are still controversial. Peterson and coworkers reported a series of extensive, carefully 

designed studies wilh male Holtzman rat offspring born from dams that were administered a single 

oral dose of TCDD (0, 64, 160, 400, or 1000 ng/kg bw) on Gestational Day (GD) 15 (1). 

Statistically significant reduction in the weight of testes and that in daily sperm production (DSP) 

were detected by administralion of as low as 64 ng TCDD/kg bw. Some ofthe animals showed 

reduced fertilities at higher doses (400 and 1000 ng TCDD/kg bw), suggesting that malemal 

TCDD exposure induces defects in sperm production and causes male infertility. Gray and 

colleagues (3) also reported that maternal TCDD exposure (50, 200, or 800 ng TCDD /kg bw) on 

GDI5 induced changes in the reproductive system of male Long Evans (LE) rals. They detected 

reduction in the epididymis and ejaculated sperm numbers, but in contrast, neilher testicular 

weight nor daily sperm production (DSP) was affected al any of the doses used. Faqi et al. (6) 

gave female Wistar rats an initial loading dose of 25, 60, or 300 ng TCDD/kg bw at 2 weeks prior 

to mating, followed by a weekly maintenance dose of 5, 12, or 60 ng TCDD/kg bw, and reported a 

slight decrease of DSP with no changes in testicular weight. In other studies, no reduction of 

testicular weight was observed following maternal exposure lo low-dose TCDD (2). We also used 

the experimental protocol of Mably et al. (1), and detecled severe reduction of ventral prostate by 

TCDD, but there were no changes in testicular weight or DSP by TCDD administration even al a 
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dose as high as 800 ng/kg bw (7). Taken together, it is difficult to draw a conclusion regarding the 

consistency of effects of dioxins on sperm production. 

In this study, we used 3,3',4,4',5-pentachlorobiphenyl (co-planar PCB: co-PCB) as a 

TCDD-like PCB congener lo study ils effects on mammalian spermatogenesis when the testis 

tissue has a direcl conlact with the compound. Thus, in order lo investigate whether co-PCB 

directly affecls prespermalogenesis and the olher supporting cell differentiations in testis or nol, 

we employed an organ culture system by using the neonatal mouse testis which seems to be al the 

most sensitive stage in thc //; utero and lactational dioxin-exposure. 

Materials and Methods 

Chemicals: 3,3',4,4',5-pentachlorobiphenyl (lUPAC PCB 126) was a gift from Dn M. 

Morita and Dn Y. Aoki (NIES). 

Animals and Organ cultures: Animal experiments were performed according lo the 

guideline on animal welfare at NIES. Male neonatal mice were killed by cervical dislocation jusl 

after birth (postnatal day 0; PNDO), and their testes were removed and immediately placed on the 

nucleopore filler (pore size: 0.45 pm) floating on Dulbecco's modified Eagle's medium (DMEM) 

containing 10% calf semm (Gibco) and penicillin-streptomycin (100 pg/ml; from Sigma). The 

medium was supplemented wilh 0, 10, 100, 1000 nM co-PCB. And then the testes were incubated 

at 37^0 in a humidified almosphere containing 95% air: 5% CO2. After 48 hr incubation with 

co-PCB containing medium, the fresh co-PCB minus medium was changed every 48 hn The 

culture was continued for 4, 8, or 12 days. Al the end of the cullure period, 

5-bromo-2'-deoxyuridine (BrdU) was added lo the media to make a final concentration of 50 

pg/ml and incubated for the lasl 1 hr ofthe culture. 

Immunohistochemistry for BrdU-Labeled cells: The cultured testis was fixed wilh Camoy's 

solution and embedded in paraffin. Sections (5 pm in thickness) were incubated in 3% H2O2 in 

methanol for 30 min to eliminate endogenous peroxidase, and immersed in 1 N HCI for 60 min in 

order to denature the genomic DNA. After rinsing, the specimens were treated wilh 1% bovine 

serum albumin and incubated with peroxidase labeled anli-BrdU mouse monoclonal antibody 

(1:100, Boehringer Mannheim, Germany) for 1 hn After rinsing, 3,3'-diaminobenzidine solution 

was applied lo the sections. BrdU-posilive germ or Sertoli cells were counted and divided by the 

numbers ofall live germ cell or Sertoli cells. 

Semiquantitative RT-PCR: Semiquantitative RT-PCR method used in this study was 

described previously (7). Total RNA from the cultured testis (n=5) was extracted by standard 

protocol. Reverse-transcribed samples were subjected to measure mRNA levels for cytochrome 

P450 lAl (CYPlAl), cytochrome P450 side chain cleavage (P450scc), cytochrome P450 

17a-hydroxylase/17,20-lyase (P450cl7), 3P-, 17p-hydroxysleroid dehydrogenase (3P-, 17P-HSD), 

and spermatogenic cell specific genes (prolamine-2, calnexin-t, Hsp70t). Relative amounts of 

targel mRNA producis were quantified by standardizing wilh PCR product of cyclophilin or 
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G3PDH using Scion linages software (Scion Co., USA). 
Statistical analysis: All dala were analyzed by one-way analysis of variance (ANOVA) 

followed by Dunnel test for comparison of means. Statistical difference was considered significant 
below p< 0.05. 

Results and Discussion 
In order to investigate how co-PCB affecls the prespermalogenesis and olher supporting cell 

differentialion in the neonatal testis, we used to an organ culture system. Semiquantitative 
RT-PCR analysis revealed that in this syslem, expression of CYPlAl mRNA at 4 days of cullure 
was increased by co-PCB in a dose-dependenl manner BrdU-labeling indexes of germ cells and 
Sertoli cells were nol altered by any doses of co-PCB, suggesting that co-PCB does nol affect 
mitotic aclivilies of prespermalogenic cells and supporting cells in the neonatal testis. The mRNA 
levels of spermatogenic cell specific markers tested were not affected by co-PCB. RT-PCR 
analysis for steroidogenic enzymes (P450scc, P450cl7, 3P-HSD, 17P-HSD) was also performed. 
Although mRNA levels of P450cl7, 3P-HSD, and 17P-HSD were not changed by co-PCB, the 
P450SCC mRNA level in all co-PCB-trealed testes were significantly lower than that in control 
cultured testis (Fig. 1). 

It has been reported that administration of TCDD to adult male rals decreased testosterone 
production in Leydig cells by inhibiting pregnenolone biosynthesis from cholesterol probably due 
to reduced activity of P450scc (8). There is a report that PCB congeners inhibited the activity of 
P450SCC in the bull testis (9). ll is plausible to speculate from the preseni finding that 
down-regulation of P450scc mRNA expression by co-PCB in the neonatal mouse testis is 
mediated by inhibition of steroidgenesis in the testis. 

The preseni resulls also strongly suggest that dioxin and related compounds including co-PCB 
do not directly impair the proliferation and differentialion of prespermalogenic cells and Sertoli 
cells in the testis. Allhough this supposition is thoughl lo be consistent wilh the report by Gray et 
al. (3), and our recent study (7), in which no effecis were observed on testicular weight and sperm 
production in the rat testis perinatally exposed lo dioxin, further work is needed lo clarify the 
mechanism of direcl effecis of dioxin in the spermatogenesis. 
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ORGANOHALOGEN COMPOUNDS 
Vol. 53 (2001) 370 

Fig 1. Semiquantitive RT-PCR 
sinalysis for P450scc mRNA level 
in the neonatal mouse testis in 
vitro. (** p < 0.01, * p <0.05) 
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