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Research into the mechanism of spermatogenesis may be considered
to have begun with v. Ebner’s (1871) classical studies in rats. Since then, the
rat has been the main object in the studies concerned with spermatogenesis,
apparently due to the fact that it is in that animal that can best be observed
the complicated processes taking place one after the other or simultaneously
in the germinal epithelium of the seminiferous tubules. In most mammals the
fundamental processes of spermatogenesis are identical and thus the results
obtained for rats may be applied to a wide variety of species, with minor
restrictions.

The process of spermatogenesis is known now in considerable detail,
especially from the histochemical and electronmicroscopic studies of the past
few years (Leblond and Clermont, 19523, Clermont and Leblond, 1955,
Daoust and Clermont, 1955, Hanson et. al., 1952, Kaye, 1957, Sotelo
et. al., 1958, Burgos, 1955, Yasuzumi et. al., 1956, 1958). However, little
is known about the mechanism, about the enzymes involved in the process.
In some of our more recent studies we have shown thatin the course ofspermio-
genesis, when the spermids are transformed into spermatozoa, an acid-fast
component appears in the head and is in a close relationship to the morpholog-
ical maturation of that past of the spermatozoon (Pésalaky and Tors,
1957, 1958, 1959). The present studies were intended to gain a deeper insight
into the mechanism of this phenomenon. We have assumed spermatogenesis
to be a high-energy process and as such, its indicator may be the activity of
the enzyme dehydrogenase. We have therefore studied the behaviour of succinic
dehydrogenase in the course of spermatogenesis.

Methods

Sexually mature W istar rats weighing about 180 g each were killed by decapitation,
the testes were removed, frozen and cut up into sections 10 and 20 K< thick in a cryostate of
the Linde type. The sections were dried at room temperature for about 1,5 minutes, incubated
without fixation in a néotétrazolium solution (Barka, 1959), for from 30 minutes to \ hours.
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A period of 2 hours was found the most suitable. Some sections were stained with methyl
green. The control sections were incubated for 2 hours in a solution containing 3 mg/ml
malonic acid.

The method of acid-fast staining has been described earlier (Pésalaky and Tors,
1957), it consisted in staining with crystal violet, differentiating in acetic acid, then alcohol,
and finally staining with Bismarck brown.

Lipids were studied by the acid haematein method of Baker (Pearse, 1954).

Results

The results will be described according to the stages of spermatogenesis,
as determined on the basis of the evidence published by v. Ebner (1871, 1888),
Curtis (1918), Rosen-Runge (1950, 1955), Leblond and Clermont (19523,
1955) and observed by us.

Stage 1. Spermatozoa are not visible in, or are just disappearing from, the
tubular lumen. Granules, the so-called “residual bodies” of Regaud (1901)
are visible on the surface. The spermids are located usually in 3 to 4 layers:
they are round cells with pale, round nuclei. Under them there are usually
two layers of spermatocytes: the upper layer is older, and the nuclei are in the
meiotic prophase (pachytene). The lower layer on the basal membrane, between
the spermatogonia is either in the “resting” phase, with fine, granular nucleus,
or has begun the meiotic prophase (leptotene), with the nuclei more intensely
staining. Spermatogonia are few, and their nuclei are pale and contain chroma-
tin in the form of dust-like particles (type “A”).

In this stage dehydrogenase activity is the strongest in the basal mem-
brane. Spots sometimes as big as half a nucleus indicate activity around the
nuclei of the younger layer of spermatocytes. The layer of spermids shows
clusters of activity, apparently in the cytoplasm. The cytoplasm of the older
primary spermatocytes exhibits a fine, granular, pale reaction.

There is no acid-fast staining in this stage.

The results of the lipid reaction will be described with stage 3.

Stage 2. The nuclei of the spermids have become elongated and are
grouped in bundles, forming 3 to 4 layers on one side of the cell. The two
layers of spermatocytes are present, both in the meiotic prophase (the upper
in pachytene, the lower in leptotene). Thenumber of spermatogonia is somewhat
larger, the nuclei are still “dust-like” (type “A”).

Dehydrogenase activity continues to increase along the basal membrane,
while no major change is noticeable in the rest of the preparation (Fig. 1,
Fig. 7).

There is no acid-fast staining in this stage.

The results of the lipid reaction will be described with stage 3.

Stage 3. The nuclei of the spermids are more elongated and the longitudi-
nal, bundle-like pattern has fully developed. The nuclei stain more intensely



Fig. 1 to 4. Seminiferous tubule. Succinic dehydrogenase reaction, methyl green contrast staining. Cryostate sections
Fig 1 = Stage 2 Fig 3 = Stage 4
Fig 2 = Stage 3 Fig 4 = Stage 6.
B = basal part of tubule. L = luminar part of tubule



Fig. 5 to 7. Seminiferous tubule. Succinic dehydrogenase reaction, methyl green contrast staining. Cryostate sections

Fig. 5 = Stage 7 Fig. 7 = a) Stage 2
Fig. 6 = Stage 8 b) Stage 4
c) Stage 7

Fig. 8. Seminiferous tubule. Fixation in Carnoy, embedding in paraffine, crystal violet — Bismarck brown acid-fast staining.
Acid-fast staining of the head of the spermatozoon is visible
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than in stage 2. Among the spermatocytes in the meiotic prophase those
nearer the lumen (the older generation) are in the diplotene or eventually
the diakinetic phase, while the younger generation is in the strongly staining
zygotene phase. The spermatogonia of type “A” occur in about the same
numbers as in stage 2.

The dehydrogenase reaction along the basal membrane appears in the
form of big, confluent structures, so-to-say embracing the nuclei of the young
spermatocytes. In and around the spermids it appears in the form of clusters
while a weaker reaction showing a pattern of fine granules is visible in the
older spermatocytes (Fig. 2).

There is no acid-fast staining.

In the first 3 stages the lipid reaction is very strong along the basal
membrane, where the younger layer of spermatocytes is to be found (Fig. 10).
There it forms structures reaching sometimes the size of the nuclei. In the
luminar areas microgranular reaction is visible, located apparently to the
cytoplasm of transforming spermids.

Stage 4. The spermids have already assumed the head-shape characteristic
of spermatozoa. Early in this stage the nucleus is reduced to about 23 of
its former size and stains more intensely. The spermid-Sertoli cell complexes
are clearly visible and the spermids begin to migrate toward the basal part
of the tubule. Both division of the spermatocytes take place in this stage.
The younger layer of the primary spermatocytes, nearer the base, is in the
meiotic prophase (zygotene, or pachytene), while the older generation shows
division resulting in secondary spermatocytes. The secondary spermatocytes
are smaller than the primary ones, have round reticular nuclei containing
round chromatin granules. The number and shape of spermatogonia are similar
to those in the former stages.

The dehydrogenase reaction along the basal membrane appears in the
form of a few dispersed large clusters, while the cytoplasm of the spermato-
cytes shows a pale, granular reaction. Likewise, the new spermids exhibit small,
pale granular reaction. Around the transforming spermatozoa the reaction
is more intense (Fig. 3, Fig. 1).

By the end of this stage the spermatozoal head begins to show a pale
acid-fast staining (Fig. 9).

The lipid reaction appears in the form of clusters along the base; in the
lumen the granules of finer distribution are larger and stain more intensely
than in the earlier stages. The reaction is almost negative in the layer of
spermatocytes (Fig. 11).

Stage 5. The developing spermatozoa penetrate in bundles corresponding
to the cells of Sertoli toward the basal part of the tubule and reach in this
stage about the half thickness of the germinal epithelium. Among them there
are 3 or 4 layers of newly formed spermids, with pale, lightly staining cyst-like
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nuclei. Under them the layer of the growing primary spermatocytes is visible,
in the meiotic prophase (pachytene). In this stage the spermatogonia are
dividing and a different type of cell, with oval nuclei parallel with the base
is formed (type “B”).

In the basal area the dehydrogenase reaction is seen in the form of
occasional, large clusters, apparently localized to the cells of Sertoli, though
this could not be reliably ascertained. The spermatocytes and spermids show

Fig. 9. Two seminiferous tubule sections, fixed in Carnoy, embedded in paraffine, crystal

violet-Bismarck brown acid-fast staining, a) Stage 4, some of the spermatozoon heads

beginning to show acid-fast staining, D) Stage 5, marked acid-fast staining of every
spermatozoon head

the same pale, fine granular reaction. The reaction is stronger around the
spermatozoa undergoing transformation.

In this stage the whole of the head has become acid-fast, especially in
the spermatozoa which have penetrated deeper into the cells of Sertoli (Fig. 8,
Fig. 9).

The results of the lipid reaction are presented with stage 8.

Stage 6. The developing spermatozoa penetrate in bundles the cells
of Sertoli, reaching their nuclei and after passing through the germinal epithe-
lium appear in the spermatogonium layer. Like in the former stage, there are
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Fig. 10. Cross section of seminiferous tubule. Baker’s lipid reaction. Stage 2

Fig. 11. Seminiferous tubule. Baker’s lipid reaction. Stage 4

3 or 4 layers of spermids. There is no change in the primary spermatocytes.
The spermatogonia are dividing and develop into the type B form.

In this stage the dehydrogenase reaction does not appear any longer
in the form of large clusters near the hasal part of the tubule. In some areas

3 Acta Morphologica X/2—4.
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a circular reaction in the form ofintense by staining but small granules is visible
around the nuclei of the cells of Sertoli. The same appears in a few spermato-
gonia, in the form of pale granules in the spermatocytes, and as rougher,
but even smaller granules in the spermids. Larger spots of activity of irregular
shape are seen near the cytoplasm of the developing spermatozoa, on the
surface of the germinal epithelium (Fig. 4).

The head of the spermatozoon shows a definitely acid-fast staining.

The results of the lipid reaction are presented with stage 8.

Stage 7. The developing spermatozoa have withdrawn from the inside
of the cells of Sertoli and are to he found in the inner one-third of the germinal
epithelium. The luminar layers of the epithelium are formed by 3 to 4 layers
of young spermids. The primary spermatocytes have increased in size, hut
continue to be in the prophase (pachytene). The type B spermatogonia are
dividing and form a new, low layer of the primary spermatocytes, that can
be found among the fewer type A spermatogonia, with rougher chromatin
clustered onto the nuclear membrane. These are called resting, non-dividing
spermatocytes. Their nuclei are similar to those of the type B spermatogonia,
only smaller.

An increase of dehydrogenase activity is visible corresponding to the layer
of newly formed spermatocytes, in the form of small granules in the cytoplasm
of these cells and in an occasional cell of Sertoli. The older spermatocytes
exhibit pale, granular reaction and the spermids show more intense, cluster-
shaped activity. In the detached cytoplasmic parts of the spermatozoa moving
toward the lumen strong activity is visible in the form of clusters. In the middle
piece ofthe spermatozoa enzyme activity appears in the form of small granules,
corresponding to the distribution of mitochondria (Fig. 5, Fig. 7).

The head of the spermatozoa shows definitely acid-fast staining.

The results of the lipid reaction are presented with stage 8.

Stage 8. The newly formed spermatozoa are grouped in regular rows
on the luminar surface of the germinal epithelium and have completely lost
the excess cytoplasm. In the row of the heads there are several granules of
irregular shape (the “residual bodies” of Begaud). By the end of this stage
the spermatozoa detach themselves from the germinal epithelium and disappear
in the tubular lumen. The upper, older generation of the primary spermato-
cytes is in the prophase (pachytene). Under them on the basal membrane
are the younger, resting spermatocytes, which have increased in size and
show now a finer distribution of chromatin. There are few spermatogonia
(which are of the A type).

Dehydrogenase activity is very strong in the large granules of irregular
shape that can be found between the spermatozoa and that apparently cor-
respond to detached excess cytoplasm. In the middle piece of spermatozoa
protruding into the lumen there are regular rows of reaction in the mito-
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chondria. Likewise, large granules of strong activity are visible immediately
above the basal membrane, especially in young spermatocytes. This reaction
increases in intensity with the disappearance of spermatozoa and appears
in the form of confluent large granules by the end of this stage. Fine granular
activity of even distribution appears around the prophasic nucleus of older
spermatocytes. In the layer of spermids the reaction is intense and takes the
form of larger gramdes (Fig. 6).
The head of the spermatozoa shows marked acid-fast staining.

Fig. 12. Seminiferous tubule. Baker’s lipid reaction. Stage 7

The lipid reaction disappears almost completely in stages 5 and 6 from
the basal part of the germinal epithelium, but at the same time it becomes
more intense in the luminar area, along the bundles of spermatozoa penetrating
into the epithelium. The latter is especially marked in stage 6. In stages 7 and 8
the reaction tends to appear in the form of large granules chiefly in the luminar
area, corresponding to the row of spermatozoon heads, while in the rest of
the epithelium there are only a few granules. In a few tubules, along the basal
membrane and apparently in the newly formed spermatocytes, the granular
form of the reaction is intensified in stages 7 and 8 (Fig. 12).

In the control sections treated with malonic acid, succinic dehydrogenase
activity is absent.
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Discussion

Research into the process of spermatogenesis dates back to the earliest
phase of histology. As early as 1841 —1854 Kolliker showed active cells
in the wall of the seminiferous tubule. Sertolti described the cells named after
him in 1865. In 1866 Henlte differentiated the two types of cell in the tubule,
emphasizing the difficulties of studying the cytogenesis of spermatozoa. The
eight distinct stages in the spermatogenesis of the rat were described in 1871
by V. Ebner. The various stages of development can be found side by side
in the seminiferous tubule and therefore the cross sections of the tubules show
the different stages of development. Measurement of the length of one stage
in the tubule showed that it averaged 32 mm (v. Ebner, 1888). This develop-
ment by stages in the rat and other animal species has been observed by
several authors (Benda, 1887, Furst, 1887, v. Ebner, 1888, Hermann, 1889,
Moore, 1893, Lenhossék, 1898, Regaud, 1900, 1901, v. Ebner, 1902, Curtis,
1918, Binder, 1927). Roosen-Runge (1950) reinvestigated the genesis of
spermatozoa and its division into eight stages, with the purpose of using it
in quantitative studies of testicular function. According to him the first stage
begins with the transformation of spermid nuclei and the eighth stage ends
with the disappearance of the mature spermatozoa;the single stages are judged
on the basis of the histologic pattern, taking into account the single forms
of development of spermatozoa and the meiotic division. Leblond and Cler-
mont (1952) introduced a new classification. They studied the PAS reaction
of the acrosome system and divided spermatogenesis almost exclusively on
the basis of the transformation of spermids into spermatozoa. The beginning
is marked by the appearance of the PAS-positive granule in the Golgi sub-
stance of the spermid and the end with the development of new spermids.
They divided the period between these two events into 14 stages, characterizing
each stage with one form of acrosome development. This method undoubtedly
makes it possible accurately to define the phases of spermatogenesis and thus
helps to understand not only the development of the acrosome, but also the
events in spermatogenesis. The method, however, has the disadvantage that
special fixation (Helly) and embedding are required and even then a proper
judgement of the slight differences between the single stages is rather difficult.
The advantages of the two methods have been united by Roosen-Runge
(1955), introducing the PAS reaction for the determination of stages 5 and 6.

We did not use the method of Leblond and Cilermont (1952), because
in the cryostate sections the development of the acrosome could not be followed
by means of the PAS reaction, obviously because of the destructive action
of ice crystals during freezing (Neumann, 1958). We therefore used the Roosen-
Runge method based on the principles laid down by v. Ebner (1871), taking
into account also the evidence published by other authors (Curtis 1918,
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Leblond and Clermont 1952, Clermont and Leblond 1955, Daoust and
Clermont 1955, Roosen-Runge 1955). Our results indicate that the single
stages of spermatogenesis may readily be distinguished by taking into account
the condition ofevery layer ofthe germinal epithelium, in thecryostate sections,
with the succinic dehydrogenase reaction (with methyl green contrast staining)
and the acid-fast staining alike.

In previous investigations we studied in detail the acid-fast staining
of the spermatozoon head (Pésalaky and Toérs 1957, 1958, 1959), pointing
out that it seems to develop inthe course of spermatogenesis, presumably in
connection with the synbiosis with the cells of Sertoli. This has been proved
by the present results. The acid-fast staining appears in the form of a pale
reaction by the end of stage 4 (Fig. 9), while in stage 5it takes its stronger,
final form (Fig. 8, Fig. 9). In stage 4 the bundles of spermatozoa begin to
penetrate toward the base of the cells of Sertoli and this process continues in
stages 5 and 6. It is in the latter phase that the processes required for the
morphological maturation take place. One sign of this is the acid-fast staining
of the head and as it appears in stage 5 (in stage 4 the acid-fast staining is
still vague), this stage may be considered to be the most important one in the
head’s differentiation. We are unable to put forward an ultimate explanation
of the development of the acid-fast staining; its relationship with the testicular
lipids (Torés, Posalaky 1958) and with the structural changes in the nucleic
acid and other substances of the head (Pésalaky, Toré 1959; Tors, Posa-
laky 1959) had been discussed in previous papers.

There are several reasons why we know' so little about the mechanism
of spermatogenesis. One of them is that in the testis various tissues occur
side-by-side and interwoven, and the processes take place so close to one
another that they can be examined almost exclusively by histochemical
methods, being hardly accessible forbiochemical tests. This explains why so
much is known about the composition of the semen and about the metabolism
of the spermatozoa in it (Mann 1954) and why evidence is lacking as to the
metabolic processes involved in spermatogenesis. A sequence of events, such
as spermatogenesis, in which cells divide, migrate, then become transformed,
requires a great amount of energy and the function of every enzyme system
involved in its creation. However, the known enzyme histochemical methods
do not suffice to study the question in all its details. Of the energy-producing
processes in the cell, oxidation is the most significant. Succinic dehydrogenase,
one of the enzymes of the Szent-Gydrgyi—Krebs cycle, can be studied by
more or less reliable histochemical techniques. The other enzymes of the cycle
are not directly amenable to histochemical study, because they are taking
place in the soluble phase of the cell. For the demonstration of succinic dehydro-
genase the methods based on the reduction of tétrazolium salts are the most
suitable. The valuable properties of the tétrazolium salts had been pointed
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out by Kuhn and Jerchel (1941) and were discussed in detail by Remmele
(1958). Kun and Abood (1949) were the first to use tétrazolium salt for the
demonstration of succinic dehydrogenase in tissue homogenates. Blue tétra-
zolium was introduced into histochemical studies by Seligman and Ruthen-
burg (1951). Later, some authors (Padykula, 1952, Rosa and Velardo,
1954) preferred néotétrazolium. These salts take over electrons from the enzyme
after it has dehydrogenated succinate, and are reduced to an insoluble for-
mazan dye. But both tétrazolium salts have the disadvantage that the forma-
zan formed is thick, often needle-shaped, crystal-like, highly lipid-soluble
and appears in the sections in two colours, red and blue. It is generally accepted
that the colour depends on the intensity of the reaction and the red is the
monoformazan and the blue is the diformazan. Recently, the use of both blue
tétrazolium and néotétrazolium has been attacked by several authors, because
of the lipid-solubility and the presence of the two kinds of formazan. According
to Burtner et al (1957) blue formazan and red formazan (mono- and difor-
mazan) resulting from the reduction of néotétrazolium would originate from
different tetrazoliums, thus they would not be products depending on the
intensity of the reaction and appearing one after the other. Farber, Stern-
berg, Duntap (1956) kept sections in formazan and found that monoformazan
was non-specifically deposited from the solution into the section, while the
diformazan was not. However, it was also found that in the area of enzyme
activity first a red, then a blue colour develops when incubation is continued.
These results make it doubtful whether these substances are actually suitable
for the demonstration and quantitative study of succinic dehydrogenase
activity at the cytochemical level.

We, too, used néotétrazolium and the problems outlined above are
therefore to be taken into account in our work as well. Itis first of all the lipid
content of the testis that interferes with evaluation. The tests (Figs. 10, 11
and 12) have shown the lipid content to be considerable and changing in the
course of spermatogenesis. The pictures showing the changes in the lipid
content of the basal and luminar parts ofthe seminiferous tubule are extremely
similar to those obtained by studying succinic dehydrogenase activity by the
use of néotétrazolium (Figs. 1 to 7).

Taking into consideration the data in the literature (Burtner 1957,
Farber et al. 1956, Nachlass 1957, Pearse 1957, 1958), it might be sug-
gested that what we deal with is a non-specific dissolution of monoformazan
in lipids and thus it cannot be brought into correlation with enzyme activity.
The negative results obtained following inhibition with malonic acid absolutely
contradict this suggestion, indicating that the staining obtained was a result
of enzyme activity, as the lipid reaction is unchanged after treatment with
malonic acid. Malonic acid being a competitive inhibitor of enzyme activity,
a negative reaction proves also that the lipids in the testis could not by them -
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selves reduce the néotétrazolium even to monoformazan. Had this taken
place, it would have been dissolved in the lipids and staining would have result-
ed even after inhibition with malonic acid. It had therefore to be concluded
that formazan formation resulted from enzyme activity, but the monoformazan
part of it was dissolved in the cellular lipids. In some areas diffuse staining
occurred over practically the entire cytoplasm, so that an exact location of
the reaction within the cell could not be determined and quantitative con-
clusions must be drawn with caution.

According to our results, during spermatogenesis enzyme activity changes
in the following way. The spermatogonia show no appreciable activity. The
spermatocytes arising after their division exhibit in the resting and growing
phases (stages 7 and 8, Fig. 5, Fig. 6) increasing activity. The intensity of
the reaction continues to increase in the early meiotic prophase of these young
spermatocytes (stages 1, 2, 3 and in part 4, Figs.l, 2, 3). Owing to the high
lipid content of the cells the staining is diffuse. Late in the meiotic prophase
the intensity of the reaction decreases above the basal membrane, in the so-
called older spermatocytes near the lumen and is seen in the form of evenly
distributed pale granules (stages 5, 6, 7, 8, 1, 2, 3, Figs. 4,5,6, 1, 2). The same
pattern is exhibited following meiotic division by the young spermids (in part
stages 4 and 5, Figs. 3and 7). This corresponds to the period called the Golgi
phase by Leblond and Clermont (1952a), when the acrosoma granule devel-
ops. Subsequently the reaction of the spermids becomes somewhat more
intensive and this form of the reaction is visible until the so-called maturation
phase of transformation to spermatozoon (i. e. during the “cap” and “acro-
some” phases; Leblond and Clermont 1952a; stages 6, 7, 8. 1, 2, 3; Figs. 4,
5, 6, 1, 2). During the maturation phase (stages 4 to 8, Figs. 3,4, 5, 6) the reac-
tion continues to increase rapidly in intensity together with the lipid reaction
and is seen in the form of large confluent clusters. The detaching cytoplasmic-
parts are also giving the reaction (stages 7 and 8, Figs. 5 and 6), but this
ceases when the spermatozoa have disappeared into the lumen. Almost
simultaneously with the detachment of excess cytoplasm (approximately in
stage 7, Fig. 7) the fine granular form of the reaction appears in the mito-
chondria of the middle-piece of the spermatozoa. The Sertoli cells show marked
reaction in stages 5 and 6, and sometimes in stage 7 as well, when the sperma-
tozoa are burying themselves in the cytoplasm of the Sertoli cells.

As an important enzyme of the Szent-Gyoérgyi—Krebs cycle, succinic
dehydrogenase plays a significant role in the oxidation of several metabolites.
It has close connections with the cytochrome system, with the terminal
oxidation responsible for the production of high-energy phosphate compounds,
thus its activity may be considered to be proportionate to oxygen consumption.
No activity, or a low activity suggests that in that area the Szent-Gyoérgyi—
Krebs cycle functions poorly or not at all. A high activity permits one to
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assume that the cycle plays an important role in the metabolism of the cells
of that region. The activity of the enzyme may on this way reflect the state
of function and metabolism in tissues. The cycle is mitochondrium-bound,
though it has been suggested (Novikoff, 1957) that some of its enzymes may
take place also in the soluble fractions.

The activity of the Szent-Gyorgyi—Krebs cycle may be found in
virtually every stage of spermatogenesis, though it varies in intensity and is in
general less marked than in other organs, for example in the kidney. Two
phases are outstanding with their marked activity. One is the layer of young
spermatocytes, in the resting and early prophase, the other is the maturing
phase of spermatozoa. Both are important in spermatogenesis. The first is
the condition preparing for meiotic division, the other is the final step in
spermatozoon maturation, as a sign of which the acid-fast staining of the
head appears. The undisturbed course of these two phases seems to require
very lively metabolic activity. Later in the meiotic phase and during divisions
the low, almost negative reaction is in agreement with the observation that
during mitosis succinic dehydrogenase activity is considerably lower than in
the interphase (Ogawa and Zimmerman, 1959). The increasing intensity of
the reaction observed in the spermids during transformation obviously ref-
lects the high-energy requirement of the metabolic process involved.

The importance of the stages with increased activity is shown also by
the increased lipid metabolism. The precise chemical composition of the lipids
in question is not known. Our histochemical data suggest the presence of
phosphatide-containing lipids, but this requires further confirmation. Scott
(1952) claimed that the testicular lipids may eventually have certain ties
with hormonal activity. We, too, think that the said lipid reaction is an expres-
sion not of an increase in ballast lipids, but of an increase associated with certain
functional activity, such as that observable in the adrenals. Just as the adrenal
lipid reactions are not specific for ketosteroids, and yet we interpret this
battery of reactions as a certain reflection of function, we may also in the case
of the testis accept the lipid reaction as a more or less reliable indicator of
functional activity. This is the more justified since in the adrenals, too, the
lipid reaction presents itself together with a strong succinic dehydrogenase
activity.

As already mentioned, owing to the dissolution of formazan the intra-
cellular site of enzyme activity cannot be precisely located in the areas showing
strong lipid activity. In recent years attempts have been made to produce
substrates superior to néotétrazolium; promising results have been obtained
with nitro blue tétrazolium (Nachlass, 1957) and MTT [3-(4,5-dimethyl-
thiazol-2)-2,b-diphenyl tétrazolium bromide (MTT)] (Pearse, 1957). In these
compounds the lipid-solubility of formazan was eliminated and this localization
improved in the lipid-rich areas. However, dissolution of nitro blue tetra-
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zolium formazan has been described to occur in the adrenals (Pearse, 1957)
and it is likely that this occurs also in the testis. Nachlass does not mention
it (1957), though he studied the testis and described it to show slight activity.
Likewise, Bruno and Germino (1958) mention the testis just briefly, as an organ
not showing major activity with néotétrazolium. As they did not study the
changes in enzyme activity during the various stages, no conclusions may be
drawn from their studies as to the process of spermatogenesis.

At any rate, the MTT method of Pearse (1957) seems to hold some pro-
mise of being suitable for use in studying the dehydrogenase activity during
spermatogenesis.

Summary

Changes in acid-fast staining, lipid content and succinic dehydrogenase activity have
been studied in the course of spermatogenesis. The development of spermatozoa has been
divided into 8 stages. The acid-fast staining of the head becomes marked in stage 5 and at the
same time changes occur in succinic dehydrogenase activity and the lipid reaction of the
germinal epithelium. During spermatogenesis enzyme activity is more marked in the young
spermatocytes and in the maturing spermatozoa, indicating an increased metabolic activity
during these phases. According to the evidence obtained the changes of the testicular lipids
may to some extent be considered as an indicator of functional activity.

The methodological problems involved in the evaluation of succinic dehydrogenase
activity are discussed.
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OAHHBIE K MEXAHW3MY TIPOLECCA CMNEPMWOIrEHE3A, HA OCHOBAHUA
NCCNEOOBAHNA KWC/IOTOYTNOPHOIO OKPALWWMBAHWA, AKTUBHOCTU CYK
UNMHOAEIMAPA3bI, KAK U TMCTOXNMWYECKOIO
NCCNEJOBAHNA NUNinaoB

3. MOWANAKW, A [ObEBAV n B. BYKY/IVA

ViccneaoBanunch M3MeHeHWsi KMCMO0TOYNOPHOMo OKPaLLMBaHUA & TaKKe aKTUBHOCTU CYK-
LNHoAernapasbl 1 NMNMA0B B Npoliecce criepMuoreHesa. Mpy 1cciefoBaHMAX UCMONb30BasIoCh
pacnpefeneHve pasBUTUA XKUBUMKOB Ha 8 cTaguii. KMCNOTOynopHoe OKpallMBaHWe rosioBoK
KVMBUYMKOB CTAHOBMUTCS 60/iee BbIPKEHHBLIM B 5. CTaguuW, W B CBA3M C 3TUM MEHSIETCS TakKXe
peakumMs CyKUMHOAErapasbl 3apodbllleBOro snuTenns W peakuus nunugoB. B npouecce
criepmuoreHesa B Mo/IofbIX CepMMoLMTax 1 B (hase co3peBaHus XMBUMKOB Hab/MoaeTes 6onee
3HauMTeNbHAs 9H3MMATMUECKAs AKMBHOCTb, YTO YKas3blBAeT Ha MOBbILLEHHYID aKTWBHOCTb
06MeHa BeLLecTB B 3TUX cTagmsx. CornacHo MccnefoBaHUsIM U U3MeHeHVe NMUNUL0B CeMEHHUKOB
MOXHO pacCcMaTpMBaTh KaK BbIpaXkKeHWe onpeaeneHHol (YHKLMOHANIbHOW aKTUBHOCTU.

O6CY)KA0TCA CBA3aHHbIE C OLEHKOM [ervaporeHasHol akTUBHOCTU CyKLMHaA METof0-
NOrMYecKme BOMPOCHI.

BEITRAGE ZUM MECHANISMUS DER SPERMIOGENESE AUF GRUND DER SAURE-
FESTEN FARBUNG, SOWIE DER SUCCINODEIIYDROGENASEAKTIVITAT UND
DER HISTOCHEMISCHEN UNTERSUCHUNG DER LIPOIDEN

Z. POSALAKY, A. GYEVAI und B. BUKULYA

Die im Laufe der Spermiogenese erfolgende Verdnderungen der sdurefesten Féarbung,
sowie der Aktivitdt der Lipoiden und der Succinodehydrogenase wurden untersucht. Die
Untersuchungen erfolgten auf Grund der 8 Stadien der Spermienentwicklung. Die sdurefeste
Farbung des Spermiumkopfes wird im 5. Stadium signifikant, und im Zusammenhang damit
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verdndert sich auch die Succinodehydrogenase- und Lipoidreaktion des Keimepithcls. Im
Verlauf der Spermiogenese kann in den jungen Spermiozyten und in der Reifungsphase der
Spermien eine bedeutendere Enzymaktivitdt wahrgenommen werden, was auf eine erhdhte
Stoffwechselaktivitat in diesen Phasen hinweist. Auf Grund der Befunde kann die Verdnderung
der Hodenlipoiden als der Ausdruck einer gewissen funktionellen Aktivitat aufgefall werden.

Die mit der Auswertung der Suecinodehydrogenaseaktivitdt verbundenen methodolo-
gischen Fragen werden besprochen.

Dr. Zoltan POSALAKY
Angéla Gyévai Budapest IX. TGzolté u. 58. Hungary
Dr. Béla Bukulya
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