


methodologies used by all investigators to obtain quantitative data assume that each Sertoli cell is
intimately related to one or more elongate spermatids. This assumption is not necessarily true since
some Sertoli cells may 'rest' for a spermatogenic cycle and take on elongate spermatids during the
next cycle, although there is no evidence to substantiate this assumption. Our mean elongate germ
cell-Sertoli cell ratio for the rat was 10-32:1 and is considerably higher than values reported by
Roosen-Runge (1955) and Wing & Christensen (1982), and similar to that obtained by Rolshoven
(1941). The determinations made in this study are a minimum since some spermatids may have
been missed due to the plane of section. We believe that the specific strain of animals, their adult
age and weight and nutritional status may have some influence on these ratios.

This study has extended previous studies by using a number of species for comparative
purposes. Fawcett (1979) has stated that the number of spermatids per Sertoli cell is variable and
very low in animals such as the ground squirrel, for which there may be 2-4 spermatids per Sertoli
cell. We note that in several species the mean ratio of elongate spermatids to Sertoli cells appears
very similar (9-75, vole; 10-10 guinea-pig; 10-64, gerbil; 10-32, rat; 10-75 hamster), yet in the
monkey the mean number is markedly lower (5-94) and in the rabbit it is substantially higher
(12-17). The means indicate an apparent flexibility amongst species in the numbers of elongate
spermatids embedded in Sertoli cell recesses.

There is an impressive list of functions attributed to the Sertoli cell (Fawcett, 1975; Dym,
Madhwa Raj & Chemes, 1977), and there is every indication that each Sertoli cell interacts with
elongate spermatids in a way which facilitates or is essential for the process of spermatogenesis
(Russell, 1980, 1983). Exceeding the upper limit of the elongate spermatid-Sertoli cell ratio may be
detrimental to all of the germ cells within that particular Sertoli cell since the Sertoli cell could not
effectively 'handle' all of the germinal elements and some or all would degenerate. Metabolites
reaching the elongate spermatids would also be diluted because of the greater number of
spermatids. The physical capacity of Sertoli cells to accommodate and move germ cells or develop
necessary cell specializations might be exceeded. Degenerations of elongate spermatids in normal
animals are rare, but are known to occur (Russell & Clermont, 1977). There are germ cell
degenerations in the normal rat just before elongation (Stage VII) which would indicate that the
number of spermatids about to attain an exclusive (or nearly exclusive) relationship with a single
Sertoli cell is regulated at this point in spermatogenesis.

It would appear that the 'efficiency' of the Sertoli cell, for a particular species, could be
measured, in part, by the mean number of spermatids within each Sertoli cell. Efficiency would be
related to the daily sperm production or the sperm production per unit weight or volume of the testis
or seminferous tubule tissue. Several factors must be considered before any calculation of sperm
production based on elongate germ cell-Sertoli cell ratios could be undertaken. For example, the
size and volume of the monkey Sertoli cell (Russell & Karpas, 1983) is substantially less (4110 versus

6012 µ  3, respectively), than that of the rat (Wong & Russell, 1983). Therefore the ability to
accommodate more germinal cells may be dependent on the size of the Sertoli cell and also to a
certain degree on the size and/or shape of the elongate spermatids. Certainly, other factors such.as
the percentage area which is occupied by seminiferous tubules versus intertubular space or the
duration of the cycle of the seminiferous epithelium would be a factor in these determinations. For
example, the sperm production in man is similar to that of the rat, although there is a 10-fold
difference in testicular mass (Johnson, Petty & Neaves, 1980). This difference was partly due to the
higher proportion of area occupied by the intertubular and boundary tissue in men, but when
comparisons of testicular (tubular) parenchyma in rats and men were made, the rat was about 7
times more efficient (Johnson et al., 1980). Micrographs in Figure 4 of Johnson et al. (1980)
elegantly depict the relative abundance of spermatids and relative sparcity of Sertoli cells in the rat
as compared with man. The elongate spermatid-Sertoli cell ratio is probably therefore the reason
for the dramatic difference in sperm production in rat and man.

The number of the elongate spermatids in the testis is the product of the number of elongate
spermatids per Sertoli cell and the number of Sertoli cells per testis. The sperm production rate is



the number of spermatozoa in the testis divided by the length of the spermatogenic cycle (Amann,
1970) which in the Sprague-Dawley rat is 12-9 days (Clermont & Harvey, 1965). Wing &
Christensen (1982) have determined that there are 21-9  IO6 + l-70(s.e.m.)  IO6 Sertoli cells in
an adult rat. Accordingly, we determine that approximately 235-6  IO6 elongate spermatids are

present in one testis (471-2  IO6 spermatozoa per pair of testes). The daily sperm production rate

per testis is calculated as 18-29 ± 013  IO6 (36-58 ± 2-6  IO6 for 2 testes). Using, in our

calculations, the mean testis weight given by Wing & Christensen (1 -40 g/testis), we would predict
that 13-07 ± 0-9  IO6 spermatozoa/g testis would be produced. These data (and those from other
laboratories) do not account for the small number of spermatozoa that are resorbed in the normal
rat during spermiation (Russell & Clermont, 1977).

The results of the present study, specifically referring to the rat, indicate a slightly higher sperm
production rate than that calculated by Wing & Christensen (13-42  106/testis; 9-61/g testis), yet a

lower production rate than that cited by Johnson et al. (1980) for homogenization techniques (35-4
 106 and 20-0  106, respectively), or for histometric techniques (26-7  106 and 15-03
respectively). Table 2 of Amann ( 1981 ) compares previously published data for spermatozoa/testis
and sperm production/g parenchyma for several species. The most efficient producer shown is the
rabbit. The monkey (rhesus) is less efficient, and the hamster and rat are intermediate on the scale.
These data parallel our elongate spermatid-Sertoli cell ratio (although a time divisor was not

utilized) data in a comparative sense, and fit our hypothesis that the elongate spermatid-Sertoli cell
ratio is a basic determinant of spermatogenic efficiency.
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