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Summary. The non-specific esterase in the seminiferous tubules of the
adult rat testis was shown to be water-soluble and its activity resistant
to an organophosphorus (E-600) inhibitor and to p-chloromercuric
benzoate. The enzyme exhibited substrate preference for substituted
naphthol-AS-type acetates and indoxyl acetates rather than simple
naphthol acetate. Histochemically, it behaved as an esterase of the
C-type.

The localization of the C-esterase activity in the seminiferous
epithelium strongly suggests that the Sertoli cells are the site ofenzymatic
activity. Cyclical changes have been described in the activity of the
Sertoli cells during the spermatogenic cycle. Enzymatic activity was

highest during the acrosome stages 3 to 5 when the maturing spermatids
had their heads deep in the epithelium. Weakest enzymatic activity was

recorded at the time of the sperm release.
During the pubertal development of the testis a weak C-type esterase

activity was seen in the supporting cells of the immature seminiferous
tubules. This activity increased as these cells differentiated to mature
Sertoli cells. In 20-day rats the adult level of enzyme activity was

reached in those tubules where germ cell maturation was most advanced.

INTRODUCTION
Testicular tissue is known to be rich in non-specific esterase activity (Huggins
& Moulton, 1948). This is due mainly to interstitial cells, but there is activity
also inside the seminiferous tubules, concentrated chiefly in the Sertoli cells
(Niemi, Härkönen & Kokko, 1962). The chemical determination of the total
esterase activity of the testis has been thought to serve as an indicator of the
level of androgen production by that organ (Huggins & Moulton, 1948).
However, a recent study carried out by both chemical and histochemical
methods has shown that the esterase content of the testis is due to both the
Leydig cells and the Sertoli cells, and not merely to the interstitial tissue alone
(Niemi, 1964).

In the work presented here, non-specific esterase activity of the rat testis has
been investigated histochemically using several substrates and a number of
enzyme inhibitors.
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MATERIAL AND METHODS

Adult testes were obtained from ten Sprague-Dawley rats about 4 months old.
The postnatal development was studied by killing pairs of young rats at 10-day
intervals beginning on the 10th day of life.

One testis was fixed in cold 4% formaldehyde-1% calcium chloride, both
its poles opened with a razor blade, and frozen sections cut at 10 to 15 µ, and
attached to albuminized slides. After drying for 20 min at room temperature
the sections were incubated to demonstrate the esterase activity. Adult rat
testis was also studied using fresh cryostat-sections. The other testis was fixed
in neutral 4% formaldehyde, dehydrated, embedded in paraffin wax, sectioned
and stained with PAS-haematoxylin.

For the demonstration of the non-specific esterase activity oc-naphthol
acetate, naphthol-AS-D acetate, 5-bromoindoxyl acetate and 4-chloro-5-
bromoindoxyl acetate were used as substrate. As inhibitors, /»-nitrophenyl
phosphate (E-600) was used in a concentration of 10-5 m. To characterize
further the esterase which is resistant to E-600, /»-chloromercuric benzoate
(10-4 m) was added to the incubation medium. In order to define the stage of
the seminiferous cycle, some sections were counterstained with haematoxylin.

RESULTS
Adult testis

In freshly frozen sections of adult rat testis there was no esterase activity
inside any of the seminiferous tubules (PI. 1, Fig. 1), although the intertubular
tissue showed a strong reaction. However, when the reaction was carried out on

formaldehyde-fixed material, esterase activity could always be observed both
in the seminiferous epithelium and in the intertubular tissue. The enzymatic
activity of the tubules was localized in the Sertoli cells, and it showed differential
substrate preference : with cc-naphthyl acetate as substrate, the staining of the
Sertoli cells was negligible (PI. 1, Fig. 2), but after incubation with either
naphthol-AS-D acetate or one of the indoxyl acetates it was strong (PI. 1,

EXPLANATION OF PLATE 1
Fig. 1. Non-specific esterase reaction in freshly frozen section of adult rat testis; 2 min in¬
cubation with a-naphthyl acetate; interstitial cells react positively, but not the germinal
epithelium,  160.
Fig. 2. Same reaction in a formalin-fixed frozen section after 5 min incubation; the inter¬
stitial tissue reacts strongly, but only a few Sertoli cells (arrow) show a positive reaction.
x 160.
Fig. 3. Non-specific esterase reaction demonstrated by means of indoxyl acetate in formalin-
fixed frozen sections after 8 hr incubation. Note the difference in enzyme distribution
between tubule 'a' (Stages 3 to 5) and tubule 'b' (Stages 6 to 7).  160.
Figs. 4 and 5. Esterase reaction in frozen sections of formalin-fixed tissue from adult
testis, incubated with naphthol-AS-D acetate as substrate; the section in Fig. 5 was
treated with 10~5M /)-nitrophenyl phosphate and 10-4M /¡-chloromercuric benzoate; the
section illustrated in Fig. 4 was incubated without inhibitors. The esterase of the Leydig
cells but not of the Sertoli cells was influenced by the inhibitors,  62.
Fig. 6. Section from testis-tubules of a 10-day-old rat stained with PAS-haemalaun ; the
germinal epithelium is composed mostly of supporting cells but a few gonocytes can also
be seen,  160.
Fig. 7. Non-specific esterase activity in a formalin-fixed frozen section of a 10-day-old rat
incubated with naphthol-AS-D acetate. A few intensely reacting interstitial cells depicted
by arrows. X 62.
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Figs. 3 and 4). The staining of the Sertoli cells was unaffected by the incorpora¬
tion of either E-600 or /»-chloromercuric benzoate into the incubation medium.
However, the same treatment caused partial inhibition of the staining reaction
in the intertubular tissue (PI. 1, Fig. 5).

The esterase activity of the Sertoli cells was strongest in the tubules which
represent approximately the so-called acrosome Stages 3, 4 and 5 of the cycle
of the seminiferous epithelium, as defined by Leblond & Clermont (1952). At
this stage, the radially arranged Sertoli cell trunks were especially wide and the
cytoplasm reached up to the luminal border of the epithelium surrounding the
grouped heads of the developing spermatids. Between this maximal activity
and the stage of sperm release (Stage 8), the Sertoli cell esterase gradually
diminished (PI. 1, Fig. 3). As the mature spermatozoa relinquished their
connexions with the seminiferous epithelium an esterase-positive 'circle' was

visible in the luminal border of the tubule. This weak activity was located in
the residual bodies of the sperm, the Sertoli cells showing negligible or no

activity. From Stage 9 onwards the esterase reaction became again stronger in
the Sertoli cells.

Pubescent testis
In 10-day rats the seminiferous tubules contained mostly supporting cells

but interspersed there were also some spermatogonia and a few degenerating
gonocytes (PI. 1, Fig. 6). At this stage of testicular development, the esterase
activity of the tubules was negligible in comparison to the strong reaction of the
intertubular tissue (PI. 1, Fig. 7). However, a peripheral 'circle' of weakly
active cells could be noticed inside tubules, the activity being localized in the
area of the supporting cells.

In 20-day rats the seminiferous tubules exhibited several distinct types of
cellular associations (PI. 2, Fig. 8), which could be classified into four groups,
corresponding to the Stages 1 to 4, 4 to 6, 7 to 8 and 9 to 14 of the mature rat
(Clermont & Perey, 1957). However, when sections taken from such testes were

stained for esterase, only three distinct types could be seen (PI. 2, Fig. 9). In
one type, the tubules exhibited a particularly intense esterase activity in the

EXPLANATION OF PLATE 2
Fig. 8. Section from testis tubules of a 20-day-old rat stained with PAS-haemalaun ;
spermatogenesis is most advanced in the tubule in the upper right corner,  160.
Fig. 9. Esterase distribution in frozen section of formalin-fixed testis of a 20-day-old rat.
The Sertoli cells are very active in the tubules where the spermatogenesis has advanced
farthest (c and d) ; in other tubules esterase activity is seen diffusely throughout the germ
epithelium (b), or a weak reaction is found in the luminal border of the epithelium (a).
 62.
Fig. 10. Section of testis tubules of a 30-day-old rat stained with PAS-haemalaun. Sper¬
matids are visible in the tubule to the left in the picture ; the supporting cells are in the
periphery of all tubules. X 160.
Fig. 11. Esterase in the testis of a 30-day-old rat. In some tubules vertical Sertoli cell
trunks can be seen. Naphthol-AS-D technique, formalin-fixed tissue,  62.
Fig. 12. Section of testis tubules of a 40-day-old rat stained with PAS-haemalaun. Sperma¬
togenesis is far advanced in all tubules,  160.
Fig. 13. The distribution of the Sertoli cell esterase activity in the testis ofa 40-day-old rat.
Naphthol-AS-D technique, formalin-fixed tissue,  62.
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peripheral region; in these tubules spermatogenesis was most advanced, the
supporting cells and spermatogonia being located close to the basement mem¬

brane, and the spermatocytes (in various phases of meiosis) forming the central
region. A second type was observed in those tubules, where the supporting cells
were more centrally situated and dispersed more evenly throughout the depth
of the epithelium; here, a uniform staining of the epithelium was usual. In
the third type the overall reactivity of the germinal epithelium was weak, but
staining was maximal in the apical region of the seminiferous epithelium; this
distribution corresponded to poorly developed cyclical Stages 1 to 6, because
the supporting cells were in the centre and the spermatogonia in the periphery
of the tubules.

At 30 days, spermatids in different developmental phases could be seen in
most tubules (PI. 2, Fig. 10). Esterase staining usually produced a heavy
peripheral ring in the tubules (PI. 2, Fig. 11). Moreover, in some tubules there
were esterase-positive streaks penetrating through the whole depth of the germ
epithelium as in the mature testis.

In 40-day rats (PI. 2, Fig. 12) the esterase activity was similar to that found
in adult animals (PI. 2, Fig. 13). Although it was stronger at the periphery of
the tubules, the staining intensity of the cytoplasmic extensions of the Sertoli
cells was similar to that in an adult testis.

DISCUSSION
Using a silver staining technique, Elftman (1950, 1963) has been able to define
a Sertoli cell cycle corresponding closely to the cycle of the germ cells. The
morphological appearance of the Sertoli cells as revealed by electron-microscopic
studies, suggests that these cells might be of importance in providing a link
between the extra-tubular vascular supply and the maturing spermatids
(Fawcett & Burgos, 1956; Vilar, Perez Del Cerro & Mancini, 1962). Our
histochemical findings are in broad agreement with results of the earlier
morphological studies. Furthermore, we were able to demonstrate that the
esterase reaction of the Sertoli cells is strongest at a stage when the spermatids
are embedded deep in the seminiferous epithelium and their heads surrounded
by the cytoplasm of the Sertoli cells. In an earlier study (Niemi & Kormano,
1965) we were able to locate strong acid phosphatase activity in the Sertoli
cells at the same cyclic stage.

The distribution of esterase in the testes of prepubertal animals suggests that
the development of the enzyme activity follows a course similar to the process
of differentiation of the Sertoli cells from the supporting cells. The age of
20 days marks the start of a vigorous increase in esterase activity, and the age
of 30 days corresponds to adult age in the degree and distribution of this enzy¬
matic activity. According to Clermont & Perey (1957), the supporting cells
become typical Sertoli cells morphologically by 45 days.

The functional significance of the strong esterase reaction shown by the
Sertoli cells is difficult to explain. The function of the non-specific esterase in
general is at present poorly understood, but it has been suggested that enzymes
of that type may act in vivo as transferases rather than hydrolases (Hofstee,
1960). Non-specific esterases are also able to attack amides and amino acid

Downloaded from Bioscientifica.com at 05/23/2023 08:21:46PM
via free access



C-Esterase activity in rat testis 53

esters (Myers, Schotte, Boer & Borsje-Bakker, 1955) and, on the other hand,
Hunter, Burstone & Yokohama (1964) have shown that histochemical esterase
substrates are partially split by proteolytic enzymes. It should be mentioned
that C-esterase activity has often been noticed in cells endowed with phagocytic
properties (Hess & Pearse, 1958), and in that connexion it is interesting to note
that Sertoli cells exhibit phagocytic activity towards both degenerating germ
cells (Lacy & Rotblat, 1958; Sapsford, 1963) and residual bodies of sperm
(Smith & Lacy, 1959; Niemi & Kormano, 1965). One would expect the latter
function to be best pronounced at Stage 9 of the cycle when the residual bodies
are carried to the periphery of the tubules. However, at this stage both the
esterase and acid phosphatase reaction (Niemi & Kormano, 1965) are distinctly
weaker than during the stage of sperm maturation. Barka (1963) has shown
that in the epithelium of the intestine acid phosphatase activity decreases during
the phase of active absorption.

Our observations on the presence of intense C-esterase activity in the Sertoli
cells throw no light on questions relating to the 'Sertoli cell hormone' (Lacy,
1962). However, esterase of the C-type was also recently observed in certain
gland cells of the rat placenta (Bulmer, 1964), which are supposed to be
endowed with endocrine activity. On the other hand, non-specific esterase

activity has frequently been noticed in glandular cells which produce steroid
hormones (Allen, 1958; Niemi, 1964; Niemi, Ikonen, Pesonen, Saure &
Timonen, 1965).
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