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Summary. A cytochemical method for the demonstration of endo-
genous dehydrogenase activity, i.e. as exhibited in the absence of added
substrates, is described in spermatozoa of bull, man and rabbit. This
activity is confined to the mitochondrial sheath of the flagellum, and
decreases both with spontaneous ageing of sperm and under the influence
of certain physical and chemical factors. The method can be applied in
spermiology for experimental and diagnostic purposes.

INTRODUCTION
While studying specific intracellular dehydrogenases of bull spermatozoa by
cytochemical methods, we observed marked dehydrogenase (Nitro BT reduc¬
íase) activity in living spermatozoa, directed against certain hydrogen acceptors
(Hrudka, 1963, 1964). This led us to investigate the possibility of applying the
dehydrogenase test for the purpose of assessing the viability of spermatozoa. It
is the purpose of this paper (i) to present a detailed description of a cyto¬
chemical dehydrogenase test based on the formation of formazan, (ii) to clarify
the underlying mechanism and (iii) to outline the advantages of applying that
test in the practical evaluation of spermatozoa.

MATERIAL AND METHODS
Intracellular dehydrogenase activity was investigated in the spermatozoa of
bull, rabbit and man. The greatest part of the work was carried out with
ejaculated bovine spermatozoa.

General description of the cytochemical reaction
Before carrying out the reaction the semen sample, the reagents and the

chemically clean glass are all adjusted to room temperature. Then a drop of
semen and one or two drops of the 'incubating medium' (the amount depending
on the actual concentration of spermatozoa in the sample) are gently mixed
together on a depression slide, using the edge of a cover glass, then covered
with the cover glass and incubated at 37° C. The use of a depression slide is not
absolutely necessary ; the reaction can also be carried out on an ordinary slide
or watch glass or in a test tube, care being taken, however, at all times to

15

Downloaded from Bioscientifica.com at 05/23/2023 08:21:43PM
via free access



16 F. Hrudka

prevent the mixture from drying before or during incubation. However, the
reaction is carried out most easily on the depression slide, and it also has the
advantage of requiring the minimum of semen and of the reagent.

'Incubating medium1 and conditions of incubation
The 'incubating medium' is prepared by dissolving 10 mg Nitro BT (2,2'-

di-/»-nitrophenyl - 5,5'-diphenyl-3,3'-dimethoxy-4,4'-biphenyleneditetrazolium
chloride) in 10 ml of 0·1 m phosphate buffer, pH 7·5. This solution can be
stored in the refrigerator for up to 3 months. Contamination of the reagent
with substances which might reduce Nitro BT or serve as exogenous substrates
for sperm must be prevented. The success of the test depends largely upon the
quality of the tetrazolium salt. We used mainly the preparation of Nitro BT
which has been synthesized by Dr  . Vecerek (Prague). With that preparation
we obtained the best results at a concentration of 0-5 mg/1 ml of'incubating
medium' and an incubation time of 15 min. Using Nitro BT of the Sigma Co,
U.S.A., we found it necessary to prolong the incubation period to 60 min.

Preparation of the smears
On completion of incubation, one or two smears are made from each sample.

After they have been air-dried the smears are fixed for 10 min in formol-saline
(one part 40% formaldehyde to four parts saline), washed for 10 min in running
water and dried again. The smears thus treated can be stored unmounted (in
much the same way as blood smears) and then examined by phase-microscopy.
If no phase-microscope is available, then contrast staining is recommended.
The following procedure may be applied. Formol-fixed and washed smears are
rinsed in distilled water and stained for 1 min in 0·1% aqueous solution of eosin
Y. After short rinsing in distilled water the stained smears are rapidly dried.
Another alternative depends on the combined use of the cytochemical reaction
and the differential staining for live and dead spermatozoa. Under these
circumstances a drop of 0-5% eosin solution is added at the end of the incuba¬
tion, and then, 20 sec later, the smears are prepared and rapidly dried.

Demonstration of the succinate dehydrogenase activity
The reaction for succinate dehydrogenase activity differs from the method

described above in that to one drop of semen sample and Nitro BT solution
(see above) a drop of 0-1 m sodium succinate is added.

EXPLANATION OF PLATE 1

Photomicrographs of bovine spermatozoa with different endogenous dehydrogenase
activity. Active mitochondria appear as bright granules in the middle piece, due to high
density ofdiformazan deposit, as observed in the phase microscope 'Anoptral' C. Reichert
Vienna.

Fig. 1. Three active (Class 1, + + +) and three inactive (Class 4, —) spermatozoa.
Fig. 2. Three active (Class 2 and 3 + +, + ) and two inactive (Class 4, —) spermatozoa.
Fig. 3. Spermatozoon with high density of active mitochondria (Class 1,4-4- +).
Fig. 4. Left, high activity (Glass 1, + + +), right, low activity ofmitochondrial sheath.
Fig. 5. Some segments of mitochondrial spiral inactive (Class 2,+ +).
Fig. 6. Marked decline in mitochondrial sheath activity.
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Catabolic activity in spermatozoa 17
Evaluation of the dehydrogenase activity and classification of spermatozoa

Evaluation of the sperm smears is carried out like an evaluation of blood
smears, that is by observing and classifying the spermatozoa which are present
in individual fields under the microscope. With dense smears it is recommended
to limit the field of view as much as possible. The smears are examined using a

strong immersion objective, preferably of a phase-microscope, which offers
more contrast because of the high density of diformazan deposits. One or two
smears from each sample are evaluated as a rule, but a larger number of smears
increases the accuracy of assessment. From 100 to 300 spermatozoa are counted
on each smear.

The following scale for the classification of spermatozoa based on the appear¬
ance of their mitochondrial sheath, i.e. colour intensity, size and density of
granules (mitochondria), has been adopted (see also Plate 1) in the present
study: Class 1 ( + + +): Mitochondrial sheath exhibiting a high density of

<V220V

Text-fig. 1. Registration apparatus for classification of spermatozoa. 1, Box with elec¬
tromagnetic counters; 2, button for resetting; 3, box with four press-buttons for counting.

intensely stained, large-sized granules. Class 2 ( + +): Mitochondrial sheath
with medium activity. Class 3 ( + ) : Mitochondrial sheath with weak activity
or only isolated active mitochondria ; to the last class belong also those spermato¬
zoa in which the middle piece shows only a diffuse reaction, with or without a

trace of mitochondrial activity. Class 4 (—) : Spermatozoa without any activity
whatsoever.

For counting we used a specially constructed registration apparatus, which
may be seen in Text-fig. 1. It consists of a box with four electromagnetic
counters (type MO 1A, Microtechna, Prague) controlled by four press buttons
on a small box placed close to the microscope. Registration of spermatozoa
evaluated is made by means of the four press buttons ; resetting can be done by
rectifying the alternating current by means of the button on the main box.
The classification apparatus may also be applied in other spermiological work.
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18 F. Hrudka

Estimation of sperm motility
Motility estimations, i.e. determinations of the percentage of motile and

non-motile spermatozoa, were made on a microscope equipped with a thermo¬
stage set at 37° C and an orthoscopic ocular with a mask limiting the field of
view.

RESULTS
The endogenous dehydrogenases activity of spermatozoa, i.e. as exhibited in
the absence of extraneous substrates, is reflected in the formation of blue
diformazan deposits, localized in the middle piece. These deposits indicate the
position of the active individual mitochondria or of the mitochondrial sheath
(Plate 1). The rate of the reaction in the mitochondria is related both to the
staining intensity and to the size of the diformazan deposits. Very active
mitochondria appear as intensely-stained, large-sized granules. On the other
hand, mitochondria with low activity appear as weakly-stained, small-sized
granules. It is of considerable interest to note that the mitochondrial sheath of
an ejaculated spermatozoon is hardly ever uniformly stained throughout its
whole length, and there exist some short segments corresponding to single
mitochondria or whole mitochondrial groups which show little or no activity.
With the natural ageing of spermatozoa the proportion of the 'inactive'
segments increases.

Text-fig. 2. Changes in sperm activity in respect of (a) motility, (b) endogenous dehy¬
drogenases and (c) succinate dehydrogenase, as observed in bovine sperm stored at room

temperature. Motility expressed as percentage of motile spermatozoa (solid part of col¬
umn, non-motile; shaded part, motile); dehydrogenase activity expressed as percentage
of spermatozoa belonging to four classes : + + +, highest activity (open column) ; + +,
medium (stippled column); +, weak (shaded column); —, no activity (solid column).

The relationship between motility, endogenous dehydrogenase and succinate
dehydrogenase activity is seen in Text-fig. 2. By comparing the percentage of
motile spermatozoa with the level of endogenous dehydrogenase activity, it can
be seen that these two types of sperm activity do not equal each other; the
proportion of spermatozoa with dehydrogenase activity is generally higher than
the proportion of motile ones. It would seem that some of the spermatozoa
which have lost their motility are nevertheless able to preserve their endogenous
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Catabolic activity in spermatozoa 19

dehydrogenase activity. When the endogenous activity is compared with that
of succinate dehydrogenase, it becomes evident that the latter is of a higher
order and persists for a much longer time. Thus it appears that the process of
the spontaneous dying of spermatozoa begins with alterations and arrest of
motility, which is then followed by cessation of endogenous dehydrogenase
activity and leads finally to stoppage of succinate dehydrogenase activity.

The endogenous activity can be inhibited by protein-denaturing agents such
as trichloracetic acid, surface active substances, heating, drying, and also by
several enzyme inhibitors such as iodacetate, arsenic trioxide (AS2O3) and
potassium cyanide.

DISCUSSION
The mechanism underlying the dehydrogenase reaction in the mitochondrial
sheath is undoubtedly related to the ability of spermatozoa to make use of
anaerobic and oxidative metabolic processes as a source of energy for sperm
motility. Electron transfer, mediated by dehydrogenases which occurs during
such processes, can be followed by means of various electron acceptors such as

méthylène blue, tellurite or tetrazolium salts. In the past méthylène blue has
been frequently employed in the 'méthylène blue reduction test'. However, the
application ofthat test to sperm evaluation is limited for several reasons, mainly
because the reduction velocity (decolorization time) depends on the total
activity of a large population of cells, including spermatozoa, micro-organisms
and other cells, and also because of the possible presence of extracellular
reducing substances in seminal plasma; moreover, the activity of the individual
spermatozoa cannot be evaluated since the sperm cells differ from each other.
In contrast to méthylène blue, the tetrazolium salts which are both soluble and
almost colourless, penetrate into the cells, and by accepting electrons are readily
reduced to insoluble and intensely coloured formazans. This property of tetra¬
zolium salts, chiefly of Nitro BT, is utilized for the histochemical demonstration
of specific dehydrogenases and diaphorases in tissue sections (Nachlas, Walker
& Seligman, 1958; Scarpelli, Hess 8c Pearse, 1958; Pearse, 1960), for the
localization of some dehydrogenases in spermatozoa (Kothare & de Souza,
1957; Restivo & Reverberi, 1957; Nelson, 1959; Gupta & Kamboj, 1962;
Hrudka, 1963, 1964; Lojda & Pafízek, 1963; Young & Edwards, 1963;
Balogh & Cohen, 1964), as well as for the detection of endogenous dehydro¬
genases activity in the mitochondrial sheath of spermatozoa (Hrudka, 1964).
Thus the mitochondrial localization ofdiformazan deposits is, in itself, indicative
of the presence of the dehydrogenase activity. We believe that Nitro BT
reduction is due to the interactions of intracellular dehydrogenases and endo¬
genous substrates.

The reduction of tetrazolium salts to formazan also can be followed macro¬

scopically by observing colour development during incubation. The staining
intensity is related to the period of incubation and to the activity and density
of the spermatozoa. By keeping the sperm concentration, temperature and
incubation period constant, it is possible to assess the rate of the sperm reducing
capacity by determining the intensity of colour. This has been also stated
independently by Mohri (1957) and Blackshaw (1960). However, estimations
based on a macroscopic colour test are unreliable, partly because of diffusion
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20 F. Hrudka
of reducing enzymes from mitochondria into the seminal plasma or incubating
medium and partly also because some reduction may be caused by cells other
than spermatozoa. In ageing sperm specimens, the increase in the number of
micro-organisms may be an additional cause of marked reaction.

Typical localization and the relatively constant number of mitochondria in
spermatozoa enable one to estimate the extent and intensity of endogenous
dehydrogenase activity that is indicative of the actual catabolic processes in the
living cell. Thus the method presents a new approach to the study of cell
catabolism, which makes it possible to investigate the proportional distribution
of activity within a given cell population, and to evaluate and compare ejacu¬
lates of the same individual or of different individuals. The method may be
recommended for field use as a test for assessing sperm quality regardless of
whether the semen is fresh or has been preserved with yolk or milk diluents. It
can also be used for experimental purposes, for example in studying those
environmental and experimental factors which affect sperm metabolism
(Hrudka, 1965; Hrudka & Horáková, 1965).
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