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Summary. The oxygen consumption of human spermatozoa has been
determined polarographically with Clark electrodes both in whole
semen and in a buffered Ringer solution. Washing of the spermatozoa
caused an average decrease of 13% in the number of live cells. The
oxygen consumption of the spermatozoa was two to three times higher
in the Ringer solution than in the whole semen (P<0\m=.\001).

If the washed spermatozoa were returned to their own seminal
plasma, the oxygen consumption also returned to the original level.
These results indicated that human seminal plasma normally contains a

factor that depresses sperm respiration.
INTRODUCTION

In a previous study, it was reported that the oxygen consumption of human
spermatozoa in their own seminal plasma was significantly lower in specimens
obtained from patients with prostato-vesiculitis than in those from healthy men

(Eliasson, 1970). In some samples, the oxygen uptake was too low to be
measured. To study the mechanism behind this depressed respiration, further
experiments were carried out with washed spermatozoa. When corrections were
made for the increase in dead spermatozoa following the washing procedure,
the oxygen uptake of the spermatozoa was two to three times higher in a
buffered Ringer solution than in the native specimen.

These results indicate that seminal plasma depresses the endogenous respira¬
tion of human spermatozoa. The most likely reason for the failure to note this
depression until recently (Karjalainen & Niemi, 1969; Peterson & Freund,
1970) is that no attempt was made to correct for the detrimental effects caused
by the washing procedure. The polarographic method is also a more sensitive
and quicker technique than the manometric method.

MATERIALS AND METHODS
Semen samples were obtained from men referred for infertility and from
healthy volunteers. The methods used for the collection of semen, its treatment
in the laboratory and the determination of oxygen consumption have been
described in detail by Eliasson (1970, 1971a). The semen (1 vol.) was diluted with
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the Ringer solution (3 vols) and centrifuged at 400 g for 20 mins. The super¬
natant was aspirated and 3 ml of the buffered Ringer solution added. After
gentle mixing, the sample was again centrifuged, the supernatant removed and
1 ml of buffered Ringer solution added.

The sperm density, motility and vitality were determined before and after
the washing procedures as well as before and after each determination of
oxygen consumption.

The percentage of living cells was estimated by the supravital staining
method described by Eliasson & Treichl (1971).

The buffered Ringer solution had the following composition (mu) : NaCl
123, KC1 5, MgS04 1, Tris (Sigma) 37. The pH was adjusted with HC1 to
8-0 + 0-1. In addition, the solution contained fructose (1 mg/ml), human
albumin (4%; Kabi, Sweden), benzylpenicillin (500 i.u./ml) and streptomycin
(0-2 mg/ml) (modified after Murdoch & White, 1968).

The oxygen consumption was expressed as Zo2, i.e. µ O2/108 cells/hr.

RESULTS

Preliminary studies with commonly used salt solutions revealed that the human
spermatozoa formed large aggregates during the washing procedure. There
was also a marked increase in the percentage of dead cells. Addition of human
albumin (final concentration: 4%) to the salt solution significantly improved
the recovery ofvital spermatozoa (see below) but did not abolish their tendency
to aggregate.

Table 1
effect on the oxygen consumption of human spermatozoa
of washing and suspension in a buffered ringer solution

Mean
S.D.
Mean of differences, XD
S.E. of XD
t value

Oxygen consumption of human spermatozoa
{µ O2/108 cellsIhr)

Total number
Seminal plasma Ringer

2-7
1-9

5-8
2-6

3-1
0-4
7-689***

Live cells
Seminal plasma Ringer

4-9
4-1

12-8
1-99

7-2
1-1
6-577***

 = 9. P<0-001.

The first experiments were performed with five whole semen specimens from
four patients. In these specimens, the oxygen consumption of the spermatozoa
was zero. When these cells were suspended in the Ringer solution, the sperma¬
tozoa from three of the patients revealed a high Zo2 (x = 66) and those from
the fourth patient had 'normal' respiratory activity (x = 4-7).

The next series of experiments was designed to determine if this increase in
Zo2 was a general phenomenon. The results are presented in Table 1. It is
evident that the increase in Zo2 when the spermatozoa were transferred to the

Downloaded from Bioscientifica.com at 08/09/2022 07:47:51AM
via free access



Oxygen consumption of human spermatozoa 387

Ringer solution was marked (P<0-001), both when calculated for the total
number of spermatozoa and for the live spermatozoa only. (None of the
specimens with Zo2 = 0 is included.)

The effect of the washing procedures on the sperm motility and viability is
presented in Table 2. There was a mean decrease in motile cells of 12-5% and
a corresponding increase in the percentage of dead cells. The sum of the motile
and dead cells was the same in the two groups and may illustrate the precision
of the methods.

In a special experiment, pooled semen was used to obtain sufficient material.
The Zo2 (living cells) in the original sample was 5-9. After washing in Ringer
solution, it was 9-9. The sample was then recentrifuged and the supernatant

Table 2
effects on the motility and viability of human spermatozoa of washing

and suspension in a buffered ringer solution

°/0 Motile cells
Seminal plasma Ringer

% Dead cells
Seminal plasma Ringer

0/o Motile+dead cells
Seminal plasma Ringer

Mean
S.D.
Mean of differences, XD
S.E. of XD
t value

47-9
16-4

35-4
160

12-5
1-7
7-385***

40-0 52-7
13-7 12-4

12-8
2-5
5-046***

87-8
12-2

88-1
10-9

n = 26. ***P<0001.

exchanged with 1 ml of the original seminal plasma with the result that the
Zo2 was lowered to 6-8. The specimen was then once more washed and re-

suspended in Ringer solution when the Zo2 rose to 9-4. These repeated
centrifugations, washings and resuspensions caused a decrease in the percentage
of living cells from 60 to 25. Similar results were obtained in three other
experiments of this kind. The results clearly demonstrate that the Zo2 calcu¬
lated per 108 living cells is remarkably constant and that the increase of the
Zo2 in the Ringer solution cannot be a result of the physical treatment of the
spermatozoa.

DISCUSSION
Due to the low oxygen consumption of human spermatozoa, most experiments
concerning the metabolism of these cells have been performed with pooled and
washed specimens. It has generally been assumed that the metabolism of the
spermatozoa was almost the same in whole semen and in various salt solutions
(for references, see Murdoch & White, 1968; Peterson & Freund, 1969). In
the present study, however, it has been clearly demonstrated that human
spermatozoa have a significantly higher oxygen consumption in a buffered
Ringer solution at pH 8-0 than in their own seminal plasma. The washing
procedure caused about a 13% decrease in the number of motile cells and a

corresponding increase in the percentage of dead cells. The oxygen consump-
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tion was, on the other hand, between 200 and 300% higher in the buffered
Ringer solution than in the whole semen.

Nevo (1966) discussed the possibility that an observed similarity in the
oxygen consumption of human spermatozoa in whole semen and in a salt
solution could be accidental since no correction was made for the percentage of
motile cells present. From the findings ofour preliminary studies, the percentage
of dead cells would have been high in Nevo's experiments (as well as in those
of others) since no colloid was used in the salt solution. The protective effect
of albumin was not a pure colloid effect, since the addition of dextran 80
(Pharmacia AB, Sweden) did not influence the recovery of live spermatozoa
(unpublished).

Recently, Karjalainen & Niemi (1969) reported that the respiration of
human spermatozoa increased when they were transferred from whole semen

to a salt solution. Karjalainen & Niemi (1969) measured the oxygen consump¬
tion by a micro-diver technique, and did not correct for the percentage of
motile cells present.

Peterson & Freund (1970) have also noted that human spermatozoa have a

higher oxygen consumption in a salt solution than in seminal plasma. Substrates
like malate, pyruvate and glucose did not influence the respiratory activity of
the spermatozoa, but a marked increase in oxygen consumption did occur when
succinate was added to human spermatozoa both in whole semen and in a salt
solution.

In the present study, the corrections for motile and live cells showed a high
correlation. The usefulness of these corrections was illustrated by the encour¬

agingly constant Zo2 (per IO8 living spermatozoa) that was obtained in an

experiment during which the proportion of live cells changed from 60 to 25%
due to repeated washings, centrifugations and resuspensions.

The reason for the lower oxygen consumption of spermatozoa in seminal
plasma is not clear. It could be due to an inhibitory factor in the seminal
plasma or to changes in the ionic milieu. The importance of pH, phosphate
concentration and other factors in artificial solutions used for studying the
metabolic activity of spermatozoa has been demonstrated by Murdoch &
White (1968) and Peterson & Freund (1969, 1970). In the present study, a

phosphate-free solution was used to avoid an increase in oxygen consumption.
The differences in ionic composition between the seminal plasma and the
commonly used salt solutions are, however, considerable and the significance
of this should be further studied.

Another observation supporting the view that one or more specific factors in
the seminal plasma may be responsible for the depressed oxygen consumption
is that the sperm respiration in some specimens (mainly from patients with
prostate infections) is completely depressed (Zo2 = 0). If the prostatitis is cured,
the level of sperm respiration returns to normal (Eliasson, 1970). Interestingly
enough, spermatozoa from three out of four patients with Zo2 = 0 in whole
semen had a much higher oxygen consumption in the Ringer solution (x = 66)
than spermatozoa from samples with normal Zo2.

Human seminal plasma can also depress the oxidative metabolism of rat
heart mitochondria (Eliasson, 1971b). However, seminal plasma from semen
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samples with a Zo2 = 0 did not exhibit a more marked inhibitory effect on
the mitochondrial respiration than seminal plasma from normal specimens. A
depression of the respiration of the bovine endometrium in vitro by the addition
of bull seminal fluid was recently reported by Mather & Dale (1969). The
factor responsible for this inhibition has not yet been identified.

Further studies to investigate the occurrence, nature and physiological
significance of the inhibitory factors in human seminal plasma are in progress.
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