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Fig. 5. The different types of human male germ cells during spermatogenesis are shown. 

Cytoplasmic bridges form between differentiating cells facilitating synchrony of the wave of  

germ cell development. From Developmental Biology, Scott F. Gilbert (ed), Sinuaer 

Associates, 6th ed., 2000, Fig. 19.18, p. 601, with permission.
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1.3.1 Spermatogonial proliferation 

In most species all spermatogonia in a restricted area of the semimiferous epithelium 

divide at the same time, thus creating a wave of cells developing in synchrony (Fig. 6). 

The number of cells developing in synchrony differ between species which is the basis 

for the cycle of the seminiferous epithelium, also called the spermatogenic cycle. It can 

also be defined as the sequence of changes in a restricted area of the seminiferous 

epithelium between the appearance of two successive identical constellations of germ 

cells. In the rat the duration of the spermatogenic cycle is around 13 days and for a 

spermatozoa to develop from a spermatogonia 4.5 cycles are needed.  

In the rat there are six types of spermatogonia besides A0 (reserve cell, normally not 

proliferating); A1, A2, A3, A4 which are successive orders of proliferating and 

differentiating spermatogonia, type In; intermediate spermatogonia and finally type B; 

the most differentiated spermatogonia. Each type B spermatogonia proceed forming 

two primary spermatocytes, which are the cells that undergo meiosis. Right before 

entering meiosis there is a short premeiotic interphase, preleptotene, during which the 

last DNA-synthesis takes place. 

Fig. 6. A freshly unstained wave of the seminiferous epithelium in the adult rat. Showing the 14 

different stages following eachother in a longitudinal manner. With permission from Professor 

Martti Parvinen. 

1.3.2 Meiosis 

The primary spermatocytes enter the meiotic prophase (leptotene, zygotene, pachytene, 

diplotene and diakinesis), to then proceed entering the metaphase of the first meiotic 

division. During the first meiotic division homologous chromosomes separate and 

move to one daughter cell each, thus resulting in secondary spermatocytes with half the 
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DNA synthesis was increased in stage I segments of seminiferous tubules after 

incubation with 17 -estradiol, at 34 C for 48 hours, using the transillumination and 

microdissection technique. Androstendione and 3 A-diol showed a similar stimulatory 

effect as 17 -estradiol, while DHT, had no effect. DHT, which unlike androstendione, 

cannot be aromatised, and since germ cells carry no androgen receptors, there is no 

receptor mediated activity. 3 A-diol, a metabolite of DHT, has been reported to act as 

an estrogen in the prostate with a higher affinity to ER  compared to ER (Voigt and 

Bartsch, 1986) and is suggested here to exert its activity through the ER . ER  and 

ER were expressed in all individual and pooled staged segments tested. ER  mRNA 

and protein has been localized to germ cells in rats (Enmark et al., 1997; Saunders et 

al., 1998; Shughrue et al., 1998; van Pelt et al., 1999) and mice (Nitta et al., 1993; 

Rosenfeld et al., 1998), and in addition the mRNA has been localized to humans 

(Enmark et al., 1997). Spermatogonia were shown to be the proliferating cell detected 

by BrdU-labeling (Fig10) which coincides with previous data showing that 17 -

estradiol stimulates spermatogonial proliferation in the Japanese eel (Miura et al., 

1999).

Fig. 10. 17 -estradiol stimulates incorporation of BrdU by spermatogonia in stage I tubule 

segments in vitro. A) A micrograph showing BrdU labeled cells (the arrows) after incubation 

with 17 -estradiol for 48 h at 34  C (magnification x 40). B) A micrograph of the living cells 

corresponding to the BrdU labeled cells in A, illustrating their morphology. These cells can be 

identified as type A spermatogonia on the basis of their nuclear structure (heterochromatin). C) 

The number of cells incorporating BrdU after 48 hours of incubation at 34  C in the presence or 

absence of 17 -estradiol. 
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4.3 GROWTH FACTORS AND CELL SURVIVAL (III, IV, V) 

Spermatogenesis is characterised by continuous germ cell maturation from the 

basement membrane toward the lumen of the seminiferous tubules. This complex 

process is achieved by germ cell renewal, proliferation and apoptosis, all tuned in a 

specific manner. It is estimated that up to 75 % of developing germ cells degenerate in 

the adult testes (Huckins, 1978). Not all degenerating germ cells go through classical 

apoptosis thus spermatogonia and round spermatids do (Henriksen and Parvinen, 

1998). Apoptotic germ cells are either transferred into the lumen or phagocytosed by 

Sertoli cells. 

Using MTT, a tetrazolium salt taken up by living cells and then cleaved by 

dehydrogeneses in the mitochondria converting the segments of the seminiferous 

tubules to a purple dye, we evaluated cell survival in the tissue cultures. The segments 

were then lysed with 10% SDS in 0.01 M HCl, now altering the dye to a yellowish 

colour, and the absorbance was then measured in an ELISA reader. The absorbance 

reflected the number of living cells in the 2 mm segments of seminiferous tubules. 

In the absence of FGF-1 and FGF-2, a cell loss was observed in stage I segments of 

seminiferous tubules after 48 hours of culture. In stage V, no cell loss was detected, 

indicating that the effect was stage specific. We suggest that FGF-1 and -2, both 

stimulating type A and B spermatogonia, may serve as mitogenic as well as survival 

factors in the testis. Further work is needed here to elucidate the role of FGFs in germ 

cell survival.

In the absence of EGF and 17 -estradiol no cell loss was observed, indicating that they 

serve as mitogenic factors and not survival factors in the testis, though we cannot 

totally exclude such an effect. The tubule segments include several different cell types, 

mostly not representing spermatogonia, resulting in a high basal level of MTT staining. 

MTT is not a specific test for apoptosis but detects cell degeneration, thus together with 

the mitogenic effects and affected cell type, indicating the possibility of apoptosis, but 

we need to confirm these data with adequate methods for studying apoptosis.  






































