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ABSTRACT: The objective of this study was to evaluate the effect
of selenium (Se) supplementation on Se concentration and gluta-
thione peroxidase (GSEI-Px) activity in blood components and sem-
inal fluid and on spermatozoal quality characteristics in subfertile
men. Thirty-three men were supplemented for 12 weeks with 200

pg Se/day in the form of yeast-rich Se (group I, n = 16) or sodium
selenite (group II, n = 17).

Blood samples and sperm were collected at the start of the study
and after 2, 4, 8, and 12 weeks following Se supplementation. Se
concentration in whole blood and plasma and GSH-Px activity in red
cells and plasma increased significantly during the study, but in the
group supplemented with yeast-Se the effect was more pronounced.
Se concentration In seminal fluid also increased In both groups, but
the effect of yeast-Se was markedly higher than that of selenite. In
both groups statistically significant correlations were found between
Se concentration in plasma and seminal fluid. GSH-Px activity in

seminal fluid in the yeast-Se group increased significantly and reached

a plateau after 2 weeks, whereas in the selenite group the activity

did not change throughout the whole study period. Weak correlations

between Se concentrations and GSH-Px activities in seminal fluid
were seen, but only in the yeast-Se group were the relations statis-
tically significant. The subjects In both groups showed no response

in sperm count, motility, and morphology.
In condusion, we can ascertain that the supplementation of subfer-

tile men with yeast-rich Se showed a more pronounced effect on Se

concentrations and GSH-PX activities in blood components and sem-
inal fluid than selenite did. Se supplementation did not improve the
spermatozoal quality characteristics of sperm count, motility and,
morphology.
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T he biochemical composition of human semen has

attracted the attention of various scientists because
of its possible influence on fertility. Selenium (Se) is an

essential element required for normal animal growth and

reproduction (Smith and Picciano, 1986). Se has been
demonstrated to be a constituent of spermatozoa and an

essential element for spermatogenesis (Wu et al, 1973).
The first change observed in sperm of Se-deficient mice

and rats is abnormal development of the midpiece (Calvin
etal, 1981; Wallace et al, 1983). Wu etal (1973) found

that Se-deficient rats produced sperm with poor motility

and a high percentage of broken tails. It has been shown

that after i.p. injection of 75Se-selenite to Se-deficient rats
a considerable amount of radioactivity was found in the

testes (Brown and Burk, 1973). The increase in 75Se re-

tention was due to incorporation of the element into the
midpiece of spermatozoa. Calvin et al (1981) argued that
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almost all of the Se in spermatozoa is contained in the

mitochondrial capsule, further defined as the outer mem-

branes of sperm mitochondria. Several authors have shown

that the concentration of Se in rat and bull seminal fluid
was extremely high (Calvin et al, 1981; Behne Ct al, 1986;

K.antola et al, 1988; Saaranen et al, 1989). In human

seminal fluid the concentration of this element was mark-

edly lower (Behne et al, 1986; Slaweta et al, 1988; Saar-

anen et al, 1989). Essentially all of the Se in rat sperma-

tozoa is bound to a protein confined to the capsule that
surrounds the sperm mitochondria (Calvin et al, 1987).
This protein has recently been described in more detail

and shown to contain three selenocysteine residues. For
that reason the authors have called it “mitochondrial cap-

sule selenoprotein” (Kleene, 1994). About 20 selenopro-

teins are now known to be present in animal tissues (Za-

chara, 1992); a few have been found in the seminal fluid

(Pond et al, 1983; Calvin et al, 1987).
In 1973 the biochemical function of Se was demon-

strated to reside in its involvement in the active site of

the enzyme glutathione peroxidase (GSH-Px; EC 1.11.1.9)

(Flohe et a!, 1973; Rotruck et a!, 1973). This enzyme is

present in animal and human semen (Bartle et al, 1980;



Two forms of Se were administered daily for 12 weeks. One
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Behne et at, 1986; Kantola et al, 1988; Slaweta et al, 1988;

Saaranen et al, 1989). The main role of GSH-Px is to

remove hydroperoxide and free fatty acid hydroperoxides

and thus to protect the spermatozoa against peroxidative

damage (Alvarez and Storey, 1989). Similar to Se con-

centration, the seminal fluid activity of GSH-Px varies
markedly between species. It is very high in the bull, low

in man and ram, and absent in boar and stallion (Saaranen
et al, 1989). Saaranen et al (1989) have shown that the

sperm Se level of infertile men is lower than that of men
with normal reproductive function and that low sperm

motility is associated with decreased sperm Se concen-
tration. Quite recently MacPherson et at (1993) have shown

Se supplementation to subfertile men to effect a significant

increase in sperm motility that was not achieved by any
of the other antioxidant micronutnents supplied. During
the experiments the authors did not measure the effect of

Se supplementation on seminal fluid Se concentration,
GSH-Px activity, and sperm count and morphology.

Therefore the aim of our study was to evaluate the effect

of supplementation of two forms of Se on Se concentration

and GSH-Px activity in seminal fluid and on spermato-
zoal quality characteristics of subfertile men.

Matenals and Methods

Patients and Sample Preparations

Semen and venous blood samples were obtained from 9 fertile

men and from 33 patients aged 19-38 years (mean age, 31 years)
with suspected infertility. Semen samples were collected into

acid-washed glass containers at the Andrology Outpatient Clinic
by masturbation. The patients participating in the study gave
written informed consent, and the study was approved by the
local Ethics Commission. They had been advised to abstain from
sexual activity for 4-5 days before the collection of the semen.
After allowing about 30 minutes for liquefaction to occur, the

ejaculates were analyzed for spermatozoal count, motility, and

morphology. Microscopic analyses were performed within 2 hours

of collection by an experienced biologist using standard World
Health Organization criteria (WHO, 1992). Sperm counts were

performed in a hemocytometer, and motility was analyzed vi-
sually. For morphology evaluation the smears were air-dried,

fixed, and stained according to the Papanicolaou method (WHO,
1992).

The seminal fluid was separated from spermatozoa by can-

trifugation at 4#{176}Cat 600 x g for 10 minutes. Venous blood
samples were obtained at the same time in heparinized acid-
washed glass tubes. Blood was centrifuged at 4#{176}Cat 3,000 x g

for 10 minutes, plasma was harvested, and red blood cells were

washed two times in an excess of physiological saline solution.

Se Supplementation

group (16 subjects) was supplemented with 200 pg Se/day in the
form of Se-rich-yeast, whereas the other group (17 subjects) was
given 200 pg Se/day of sodium selenite mixed with baker’s yeast.
Semen and blood samples were collected prior to the start of

supplementation and after 2, 4, 8, and 12 weeks of Se admin-

istration.

Assay Methods

Se concentration was assayed in whole blood, plasma, and sem-
inal fluid by the fluorometric method of Watkinson (1966) using
2,3-diaminonaphthalene as the complexing reagent. The 4,5-

benzpiazselenol formed in the reaction was quantitatively ex-
tracted with cyclohexane. Fluorescence measurements were made
using a Hitachi F-40 10 spectrofluorometer. The Sc concentra-
tions in all studied materials were expressed as zig/mI. The ac-

curacy of the method was monitored by measurement of certified
reference materials produced by Seronorm, Nycomed, Oslo,
Norway (whole blood, batch no. 904 and serum, batch no. 105)

and by participation in the interlaboratory comparison trials
(N#{232}veet a!, 1992). The average concentrations found for Sc were

between 96% and 104%. The intraassay coefficient of variation

for whole blood, plasma (n = 8), and seminal fluid (n = 4) was
<4%.

GSH-Px activity was measured in red cell hemolysates, plas-
ma, and seminal fluid using the method of Paglia and Valentine
(1967), with t-butyl hydroperoxide as substrate. The reaction
was carried out in a spectrophotometer fitted with a constant

temperature cell housing. The method was based on a NADPH-
coupled reaction whereby oxidized glutathione (GSSG) pro-
duced by GSH-Px and hydroperoxide was reduced by exogenous
glutathione reductase and NADPH. Enzyme activity was ex-
pressed in units, each representing the oxidation of 1 pmol
NADPH per minute per gram of hemoglobin (Fib) (U/g Hb) or
per ml of plasma and seminal fluid (mU/ml).

The intraassay coefficient of variation for the examined ma-

terials was <3%. Hemoglobin concentration in the hemolysates

was measured by the cyanmethemoglobin method.

Statistical Analysis

All statistical analyses, including the determination of mean ±

standard deviation (SD; as all data are expressed), the Student’s
t-test, and the simple linear regression analysis were carried out
using the computer program Statgraphics. A value of P < 0.05
was taken as significant.

Results

Se Concentrations

The mean Se concentrations in whole blood, plasma, and

seminal fluid taken from nine fertile men were 92.3 ±

10.5, 71.1 ± 12.2, and 45.4 ± 16.5 ng/ml, respectively

(1.17 ± 0.13, 0.90 ± 0.15, and 0.57 ± 0.21 nmollml,

respectively; conversion factor to SI units, 0.0127). The

mean initial Se concentrations in whole blood, plasma,

and seminal plasma taken from 33 men, shown in Figure
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FIG. 2. Relations between whole blood and plasma Se concentrations
in subfertile men supplemented with 200 pg Se/day In the form of yeast-
Se (A) or selenite (B) and between plasma and seminal fluid Se concen-
trations in yeast-Se (C) or selenite treated groups (D).

pared to blood plasma (207 mU/mi). As expected, the
GSH-Px activities in the blood components increased fol-

lowing Se supplementation. In the red cells the increase
was not observed until after 8 weeks in the yeast-Se group

and 12 weeks in the selenite-treated group. In plasma,
however, in both groups a highly significant increase was

observed after 4 weeks (0.0001 < P < 0.001). At this
time in both groups the activities reached a plateau and
were 1.3 times higher than the initial values. Seminal fluid

GSH-Px activity responded differently than plasma GSH-
Px following Se supplementation. In the yeast-Se-treated

group the activity reached a plateau 2 weeks (P < 0.01)
after starting the supplementation and remained un-
changed until the termination of the experiment. Sur-
prisingly, no significant response in GSH-Px activity was

observed in seminal fluid in the selenite-supplemented
group. There is no apparent explanation for this phenom-
enon.

Because GSH-Px is a Se-containing enzyme, a positive

correlation was observed between whole blood Se con-
centration and red cell GSH-Px activity. In the yeast-Se

group, r = 0.620 (P < 0.0001), and the in selenite group,
r = 0.356 (P < 0.002) (Fig. 4A and B, respectively). Sig-

nificant correlations were also observed in plasma be-

tween Se concentration and GSH-Px activity in both
groups. In the yeast-Se group, the values were: r = 0.623
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Weeks of study

FIG. 1. Influence of Se supplementation in subfertile men on Se con-
centration in whole blood, plasma, and seminal fluid. Se was administered
for 12 weeks at 200 pg/day in the form of yeast-Se or selenite. Data are
shown as means ± SD. Differences are compared to the data from a
previous period of study: a, P < 0.05; b, P < 0.001; c, P < 0.0001.

1, were 80.4 ± 9.7, 62.4 ± 8.8, and 28.0 ± 9.5 ng/ml,

respectively. The Se concentrations in the material stud-

ied from subfertile men were significantly lower (0.005 <

P < 0.02) compared to fertile subjects. The seminal plas-
ma Se levels in subfertile men were less than half of those

in blood plasma. In the group supplemented with yeast-
Se, the whole blood and plasma Se concentrations in-

creased linearly and significantly throughout the whole
study period. After 12 weeks of supplementation with
yeast-Se, the element levels in whole blood were 2 times,

and in plasma 2.4 times higher than the initial values (P
< 0.0001). In the selenite-treated group, however, the
whole blood and plasma levels both reached a plateau

after almost 4 weeks (0.000 1 <P < 0.001) and remained
unchanged in the next 8 weeks. In seminal fluid, in both

groups, the Se concentration reached a plateau after 2
weeks (0.001 <P < 0.03). In the later period there was

a tendency to increment but the differences were statis-

tically nonsignificant.
Strong, highly significant correlations between Se con-

centrations in whole blood and plasma of the yeast-Se
group (r = 0.974; P < 0.0001) and the selenite-treated
group (r = 0.905; P < 0.0001) were found when the data

from all periods of the study were combined (Fig. 2A and
B, respectively). Weaker but also highly significant cor-
relations were found between Se concentrations in plasma

and seminal fluid of the yeast-Se (r = 0.721; P < 0.0001)

and the selenite group (r = 0.686; P < 0.0001) (Fig. 2C

and D, respectively).

GSH-Px ActMties

GSH-Px activities of red cells, plasma, and seminal fluid

are presented in Figure 3. Similar to Se concentrations,
the mean initial activities of the enzyme in seminal fluid
(95.7 mU/ml) are more than two times lower when com-
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FIG. 3. GSH-PX activities in red cells (U/g Hb), plasma, and seminal
fluid (mu/mi) In subfertile men supplemented with yeast-Sc and selenite.
Data represent means ± SD. Differences are compared to the values

from a previous period of study: a, P < 0.05; b, P < 0.01; C, P < 0.001.
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FIG. 6. Sperm count (x 1 06/ml), motility (%), forward progression (%).

and morphology (%) of semen taken from subfertile men supplemented
with yeast-Se or selenite. Data represent means ± SD.
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and P < 0.0001 (Fig. 4C), and in the selenite group, r =

0.5 80 and P < 0.0001 (Fig. 4D). Weaker correlations

existed in seminal fluid between Se concentrations and

GSH-Px activities. In the yeast-Se-treated group, r = 0.399

(P < 0.001), whereas in the selenite-supplemented group,

r = 0.227 (P was nonsignificant) (Fig. 5A and B, respec-
tively). By contrast, a very weak relationship existed be-

tween the plasma and seminal fluid GSH-Px activities (r

a. -

S

Yeast-Se

;<
I SI 12S 151 155 21 5

= 0.088; P = 0.44 in the yeast-Se subjects and r = 0.131;

P = 0.28 in the selenite-treated patients).

Microscopic Examination of Semen

Selenium supplementation, in both organic and inorganic

form, did not improve the semen quality parameters ex-
amined (Fig. 6). At the beginning of the study the mean

sperm density of all patients was 24.3 x l06/ml, and at
the termination the value was 23.8 x 106/ml. The low
motility of spermatozoa found before Se supplementation
(30.5%) was at the same level after 12 weeks of the ex-
periment (30.2%). The forward progression of sperma-

tozoa was very low at the start of the study (12.3%) and
remained unchanged during Se treatment (11.3%). The

mean values of morphologically normal spermatozoa of
both groups taken together before and after Se supple-
mentation were 75.2% and 75.0%, respectively. No sig-

nificant correlations between Se concentrations and GSH-

Px activities in seminal fluid, nor between these two pa-
rameters and the semen quality parameters studied, were
observed.

100

80
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Discussion

In several studies it has been shown that Se supplemen-

tation significantly increases blood Se concentrations and
GSH-Px activities in several species of animals and in

humans (Bartle et a!, 1980; Butler et al, 1991; Johnsson

and Westermarck, 1993). The results show that organic

Se (selenomethionine [SeMet] or yeast-rich Se [which con-

tains 50% SeMet or more]) was more effective than in-

organic forms (selenite or selenate) in elevating Se con-

centrations in the blood components (Butler et al, 1991;
Johnsson and Westermarck, 1993; Thomson et al, 1989).

Our present study confirms these observations. Yeast-Se
raised the Se levels in whole blood and plasma as well as

in seminal fluid more rapidly than inorganic Se. Although

the reason for the discrepancy is not clear, it may well be

that SeMet is better absorbed and more efficiently retained

than selenite (Butler et al, 1991).

The increase of GSH-Px activity in plasma and red cells
of supplemented patients observed in this study indicates

that Se bioavailability in the diet depends not only on

intestinal absorption but also on the conversion of the

absorbed Se into a biologically active form (Butler et al,
1991). Our results confirmed the observation of other

authors, who have shown that the GSH-Px activity in
plasma increased more rapidly compared with red cells

(Thomson et al, 1989; Zachara et al, 1993). In both groups

the plateau of plasma GSH-Px activity was reached 4
weeks after the start of Se supplementation, and the ac-

tivity was higher by 30%-40% compared to the baseline.

These results are comparable to those of Thomson et al
(1989), who have shown that a plateau of plasma GSH-

Px activity of selenite- and SeMet-supplemented subjects
was 33%-50% higher than the initial values. Thus plasma

Se and GSH-Px are the sensitive index of short-term Se

status, whereas red cell Se and GSH-Px give a long-term

index of Se status because of the long life span of these

cells (Thomson and Robinson, 1980). The correlations

between Se concentrations and GSH-Px activities of blood

components found in this study are in accord with the

results of other authors (Thomson and Robinson, 1980).

Although zinc levels in human semen and semen frac-

tions have been investigated extensively, there are few

publications concerning Se concentration in human se-
men. According to our knowledge, only one publication

deals with the effect of Se supplementation on human
semen (MacPherson et al, 1993).

The initial Se concentration in seminal fluid of our
patients (28.0 ng/ml) was rather low and comparable only
to Finish subjects with suspected infertility (2 8.8-34.4 ng/
ml) (Saaranen et al, 1986, 1987, 1989). Behne et al (1988)

have shown that in German subjects with suspected in-

fertility, Se concentrations in seminal plasma and in se-
men were 38.3 and 49.6 ng/g (wet), respectively. Se con-

centrations in seminal fluid published so far by other au-

thors were 2.15 to 2.55 times higher than our results (Ple-

ban and Mei, 1983; Bleau et al, 1984; Takasaki et al,
1987; Roy et al, 1990). Low levels of Se in the seminal

fluid of our patients are probably due to dietary factors,
because the Se content in food in Poland is extremely low

(Zachara and Wsowicz, 1994).
In the literature there are contradictory results con-

cerning the relationship between sperm or seminal fluid
Se concentrations and spennatozoal quality characteris-
tics. Bleau et al (1984) found a significant correlation be-

tween semen Se concentration and sperm count. They
showed that sperm motility was maximal at as Se level
in sperm ranging between 50 and 69 ng/ml; below and

above this range motility was decreased, and the incidence
of asthenospermia was high. A follow-up study 4.5-5 years

after the initial assay of Se revealed that low Se levels
(<35 ng/ml) were associated with male infertility. Saar-

anen et al. (1989) have shown that in the sperm of tera-
toasthenozoospermic men, the Se concentration was sig-

nificantly lower than in normozoospermic men, and that

sperm Se levels of infertile men were lower than in men

with normal reproductive function. Takasaki et al (1987),

however, did not find any significant difference in sperm
and seminal fluid Se concentrations between fertile and
infertile groups. Roy et al (1990) demonstrated that in

normozoospermic, oligozoospermic, and asthenozoo-

spermic samples no correlation could be found between

semen Se level and sperm count or motility. Behne et al
(1988), who are well-known experts in Se metabolism in
reproductive tissues, also did not find any correlations

between Se concentration in seminal fluid and sperm count,
motility, viability, speed, and morphology. Our results

fully support their observations. Quite recently Mac-

Pherson et al (1993) observed that Se supplementation to

subfertile males (100 gig/day for 3 months) increased the
blood plasma Se concentration significantly but did not

change the sperm density. They have, however, observed
significantly increased sperm motility, by almost 90%.

The reasons for the above presented differences are not

known.

In animal studies, Bartle et al (1980) injected dairy bulls
with increasing doses of selenite. Subsequent injections

increased blood and semen Se concentrations and GSH-

Px activities. Semen from Se-treated bulls was signifi-

cantly higher in Se than was the semen from untreated
animals throughout the whole sampling period. The Se

concentration was 10 times higher in the semen than in

blood in both treated and untreated bulls. It is noteworthy
that in their study the GSH-Px activity in seminal fluid

increased significantly within 48 hours after the lowest

dose (5 mg/90 kg body weight) of Se injection, and the

activity almost tripled during this time. Although increas-

ing the dose of injected Se from 5 to 40 mg/90 kg enhanced
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the Se concentration and GSH-Px activity in seminal flu-
id, it did not significantly improve semen production and

spermatozoal quality (motility and morphology) just after

collection of the samples as well as after freezing-thawing

process. On the other hand, Siegel et al (1980) demon-

strated that bull sperm treated in vitro with 1 ig/ml sel-

enite-Se after 24 hours significantly (P < 0.05) stimulated

motility. Higher doses, however, reduced the motility, so

that at 5 big/mI the motility values were significantly lower

than those of the controls (65.5 vs. 100.0; P < 0.01). The

lack of response of seminal fluid GSH-Px activity follow-

ing selenite supplementation in our study is thus obscure.

Brown et al (1977) did not find any relationship between

GSH-Px activity and sperm density of the bovine semen.

They have shown, however, that there is a positive cor-
relation of GSH-Px activity calculated per ejaculate vol-

ume. This suggests that the enzyme is low in spermatozoa

in ejaculated bovine semen and high in seminal plasma.
Synthesis of the majority of the GSH-Px present in sem-
inal fluid probably occurs in the accessory sex glands (Bar-

tIe et al, 1980). It is believed that GSH-Px present in
semen is the major enzyme reactive with lipid hydrope-

roxides produced by spermatozoa (Alvarez and Storey,

1989). By also reducing H2O2 to H20, GSH-Px plays a

critical role in the prevention of oxidative damage to sper-
matozoa (Brown et al, 1977).

GSH-Px is highly specific for reduced glutathione (GSH)
(Zakowski and Tappel, 1978). The relatively high level

of GSH inside the cell is necessary to keep the enzyme in

the active form. The GSH concentration outside the cells

(plasma, seminal fluid, etc.) is very low (micromolar con-

centrations compared to milimolar concentrations in

mammalian cells) (Meister and Anderson, 1983). Mad-
dipati and Marnett (1987) have shown that the apparent

Km values for human plasma GSH-Px are 10-fold lower

than the corresponding values for erythrocyte GSH-Px

with H2O2 as substrate and as much as 30-fold lower than

other hydroperoxides. Low Km values make the GSH-Px

a very effective hydroperoxide scavenger, even at a rel-
atively low concentration of OSH.

The role of Se in sperm is still poorly understood. It

has been shown that this element is incorporated in some

proteins (Calvin et al, 1981, 1987; Kleene, 1994) in which

GSH-Px plays an important role in protecting the cell
membrane from oxidative damage (Brown et al, 1977;

Behne et a!, 1986; Alvarez and Storey, 1989). Although

organic Se as well as inorganic Se caused Se increment in

seminal fluid, they did not improve the spermatozoal
quality parameters that we studied.
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