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This study was conducted to determine the relationship between seminal plasma arginase
activity and spermatological parameters in bucks. In this study, 5 ejaculates were col-
lected by artificial vagina from each of 5 Saanen bucks of proven fertility. Spermatological
parameters (semen volume, semen pH, mass sperm activity, sperm motility and concen-
tration and percentage abnormal sperm) were evaluated immediately after collection in
each ejaculate. After semen collection, samples were centrifuged and stored at —20°C for
analysis of the arginase activity. The mean level seminal plasma arginase activity recorded
Semen quality was 0.87 +0.12 units/mg protein. There existed a positive correlation between the sem-
Arginase activity inal plasma arginase activity and sperm mass activity (r=0.548, p<0.01), sperm motility
Saanen (r=0.408, p<0.05) and sperm concentration (r=0.793, p<0.01); However, a negative corre-
lation was recorded between seminal plasma arginase activity and the percentage abnormal
sperm (r=-0.427,p <0.05). This study suggests that a significant correlation exists between
seminal plasma arginase activity and certain spermatological parameters. Therefore, sem-
inal plasma arginase activity may be used as a biochemical criterion to determine sperm
quality in bucks.
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1. Introduction

Arginase (EC 3.5.3.1) is an enzyme of the urea cycle
that catalyzes the hydrolysis of L-arginine to urea and
ornithine (Keskinege et al., 2001). At least two isoforms
of arginase exist in mammals. Type [ arginase (cytosolic
form), is highly expressed in the liver and is thought to be
primarily involved in ureagenesis. Type II arginase (mito-
chondrial form), is thought to be more widely expressed
and to be involved in the biosynthesis of polyamines, the
amino acids, ornithine, proline, and glutamate, and in the
inflammatory process (Stephen et al., 2004).
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The function of type Il arginase very likely differs
between the different types of tissue. Type II arginase
may also play a role in regulating the synthesis of
nitric oxide (NO) (Jenkinson et al., 1996). Polyamines
are ubiquitous organic polycationnic substances, usually
involved in cell replication and differentiation (Thomas and
Thomas, 2001). Polyamines have been found in sperma-
tozoa (Melendrez et al., 1992; Rubinstein and Breitbart,
1994), seminal plasma (Oefner et al., 1992) and the epi-
didymis (Purvis and Egdetveit, 1993), as well as in other
parts of the male reproductive tract (Calandra et al., 1996).
In sperm, polyamines also seem to play a role in motility
(Melendrez et al., 1992). Polyamines may also mediate the
action of the androgens (Thomas and Thomas, 2001).

Arginase is an enzyme which synthesizes nitric oxide
(NO), the principal mediator of penile erection (Bivalacqua
et al.,, 2001; Wilson, 2003). The effect of nitric oxide on
spermatogenesis and sperm function has been studied by
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Table 1
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The mean (+SE), semen volume, semen pH, semen mass activity, sperm motility and concentration and percentage abnormal sperm, seminal plasma

arginase activity in Saanen bucks.

Buck Spermatological parameters
Semen volume Semen pH Semen mass Sperm Sperm motility Percentage Seminal plasma
(ml) activity (0-5) concentration (%) abnormal arginase activity

(x10°/ml) sperm (%) (units/mg protein)

1 09 +0.1 7.1 +£0.2 22 +06 1.5+05 61.3 £ 8.6 98 +1.7 1.1+03

2 0.8 + 0.1 7.4+02 3.6+02 2.8 +£0.5 82.0 + 2.0 9.6 +1.7 09+ 0.1

3 1.0 £ 0.1 7.4+ 04 2.6 +£0.5 1.9 +0.8 753 + 4.6 85+ 1.5 09 + 0.4

4 09 +0.1 73 +£0.5 1.7 £ 05 1.1+04 56.0 £ 9.9 111+ 1.8 0.7 £ 0.1

5 1.0 £ 0.0 7.9 £ 0.0 20+03 09 +03 70.7 + 4.3 11.9+13 0.7 +£ 0.1

Total mean 0.9 + 0.0 7.4+ 0.1 24 +02 1.6 £ 0.3 69.1 &+ 3.3 10.2 £ 0.7 0.9 + 0.1

Data are presented as mean + SEM.

several research groups and nitric oxide was found to
reduce or inhibit sperm motility (Weinberg et al., 1995;
Herrero et al., 1996), while nitric oxide synthatese (NOS)
inhibitor, which inhibits the formation of nitric oxide, was
shown to prevent sperm motility decline - indicating a role
for the arginase-nitric oxide pathway in the modulation of
sperm motility (Perera et al., 1996).

It has further been reported that the arginase enzyme
is found in the ram epididymal spermatozoa (Mendez
and Martinez, 1995). In mammals, it is also found in
the prostate, testis, seminal plasma, human sperm cells
(Keskinege et al., 2001) and in different parts of the repro-
ductive systems of bulls (Razmi et al., 2005) and rams
(Razmi et al., 2004). Although arginase activity has usually
been detected in different tissues, including the reproduc-
tive tract, no data relating to the activity of arginase in
ejaculated buck semen has been reported. Therefore, this
study was designed to determine seminal plasma arginase
activity in ejaculated buck semen and to investigate the
relationship between seminal plasma arginase activity and
certain spermatological parameters in bucks.

2. Materials and methods

2.1. Animals

In this study, 5 fertility proven Saanen bucks, 2-4 years of age, with
body weights of between 50 and 60 kg were used. The study was carried
out in Elaz1g province of Turkey, located at latitude of 38°40'N in the Cen-
tre of Education, Research and Application at the Faculty of Veterinary
Medicine, at the Firat University. The bucks were fed grass, supplemented
with alfalfa hay. Drinking water was provided ad libitum.

2.2. Semen collection and evaluation

Semen was collected 5 times from each buck with the aid of an arti-
ficial vagina (5 samples per buck), at 2 days intervals. After collection of
the semen, spermatological parameters were immediately determined in
each ejaculate. Semen volume was measured by using graded test tubes
and for the determination of mass activity, a drop of semen was placed
on a warm slide (37°C), under a light microscope with a heated stage
at 100x magnification. The following criteria were used to assess mass
sperm activity, (5) rapid dark swirls; (4) slower dark swirls and eddies; (3)
slightly slower swirls; (2) no swirls, but prominent individual cell motion;
(1) little individual sperm cell motion; and (0) no individual cell motion
(Bozkurt et al., 2007).

The sperm motility rate was evaluated using a light microscope fitted
with a heated stage (Bearden et al., 2004). A microscope slide was placed
under the light microscope with the heated stage (37 °C), and then several
droplets of Tris buffer solution (0.3 M Tris (hyroxymethyl) aminomethane,
0.027 M glucose, 0.1 M citric acid in 100 ml distilled water) pipetted onto
the slide. A very small drop of semen was then added to the Tris buffer

solution, and mixed with the aid of a cover-slip. The sperm motility rate
was evaluated by rating the motile spermatozoa, to other spermatozoa
with circular, reverse, vibrating and rocking movements. Sperm motility
estimates were performed in three different microscopic fields in each
sample, visually at 400 x magnification. The mean of the three successive
estimates was taken as the final motility score.

Sperm concentration was determined with the aid of the haemo-
cytometric method, using the standard haemocytometer (Improved
Neubauer, Deep 1/10 mm, Labart, Germany) slide and the dilution pipette
designed for the counting of red blood cells (Bearden et al., 2004; Giir et al.,
2005). The percentage of morphologically abnormal sperm was deter-
mined from slides prepared using Indian ink. A total of 300 spermatozoa
were counted on each slide, under a phase contrast microscope at 400 x
magnification (Evans and Maxwell, 1987).

Finally, semen samples were centrifuged at 15,000 x gin arefrigerated
centrifuge (+4°C) for 13 min, and the seminal plasma that was obtained
stored at —20°C, until the plasma was analyzed for the enzyme arginase.

2.3. Enzyme assay

Seminal plasma arginase activity was spectrophotometrically deter-
mined using a modification of the Thiosemicarbazide-Diacetylmonoxime
urea (TDMU) method, as described by Geyer and Dabich (1971). Mea-
surements were performed in duplicate. Briefly, 0.1 ml seminal plasma
was diluted with 1mM MnCl, at the rate of 1:40 (v/v), and used as an
enzyme source, by preincubating it for 12 min, at 55°C. Tubes contain-
ing 0.3 ml of the enzyme source, 0.3 ml L-arginine (120 mM, pH 9.5) and
0.4 ml carbonate buffer (200 mM, pH 9.5) were incubated for 10 min at
37°C. The reaction was stopped by adding 3 ml acid reagent to the tubes
at the end of the incubation period. Thereafter 2 ml color reagent was
added to the tubes which were kept in a boiling water bath for 10 min.
The tubes were then removed from the boiling water bath, and cooled
and the absorbance recorded at 520 nm. The protein concentration was
determined using the method of Lowry et al. (1951), with bovine serum
albumin as standard. Briefly, tubes containing 1 ml alkaline copper reagent
and 0.1 ml supernatant samples were mixed, and incubated for 10 min at
room temperature. After this, 4 ml folin and Ciocalteu’s phenol reagent
were added to the tubes, and mixed and incubated for 5 min, at 55°C. The
absorbance of the samples was recorded at 650 nm, using a Shidmadzu
UV 240 spectrophotometer.

The principle of this arginase activity determination relies on the
spectrophotometric measurement of urea, produced by the hydrolysis of
L-arginine, by arginase. One unit of arginase activity was expressed as the
amount of enzyme catalyzing the formation of 1 wmol of urea/h, at 37°C.
The results were then expressed as units/mg of protein (specific activity).

2.4. Statistical analyses

All data are presented as the mean=+S.E.M. The Pearson’s corre-
lation test was applied to determine the relationship between the
seminal plasma arginase activity and the spermatological parameters.
To determine differences between rams with respect to spermatological
parameters and seminal plasma arginase activity, a one-way analysis of
variance and post hoc Tukey-HSD test was used. All data were analyzed
using the SPSS software package program (Windows 10.0).
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Fig. 1. The correlation between seminal plasma arginase activity and (A) sperm motility (B) sperm concentration, (C) semen mass activity, (D) percentage
abnormal sperm (E) semen volume and (F) semen pH in Saanen bucks.

3. Results bucks are also illustrated in Fig. 1. A positive correla-
tion between seminal plasma arginase activity and semen

The spermatological parameters and seminal plasma mass activity (r=0.548, p<0.01); sperm motility (r=0.408,
arginase activity in the Saanen bucks are set out in Table 1. p<0.05) and sperm concentration (r=0.793, p<0.01) was
The correlation between the spermatological parame- recorded. However, a negative correlation between sem-

ters and seminal plasma arginase activity in the Saanen inal plasma arginase activity and percentage abnormal
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sperm (r=-0.427, p<0.05) was recorded. Additionally,
no significant correlation between the seminal plasma
arginase activity and semen volume (r=0.206) and semen
pH (r=-0.238) respectively, was found.

No significant differences were recorded between dif-
ferent ejaculates of each Saanen buck and between bucks,
with respect to the semen parameters (semen volume,
semen pH, semen mass activity, sperm concentration and
motility, percentage abnormal sperm) and seminal plasma
arginase activity.

4. Discussion

There are relatively few reports regarding the role of
arginase in reproduction or fertility. It has been reported
that the arginase enzyme is found in ram epididymal sper-
matozoa (Mendez and Martinez, 1995), prostate and other
parts of the reproductive system of rams (Razmi et al.,
2004). In this study, the mean seminal plasma arginase
activity recorded was 0.87 4 0.12 units/mg protein. This
arginase activity in rams was higher than in cat tes-
ticular specific activity (0.012U/mg protein) (Mahmoud
et al, 2007), normal men (0.016+0.005U/mg protein)
and men with oligospermia (0.029 4+ 0.009 U/mg protein)
(Elgun et al., 2000). A positive correlation was reported
between sperm motility and arginase activity in both the
seminal plasma and spermatozoa (Elgun et al., 2000). Sim-
ilarly, Eskiocak et al. (2006) reported a positive correlation
between seminal plasma arginase activity and rapid pro-
gressive sperm motility. In the current study, a positive
correlation existed between the seminal plasma arginase
activity and sperm motility. The main role of arginase in the
testes, is however said to be the regulation of nitric oxide
(NO) concentration (Nathan, 1997). Low concentrations of
NO have been shown to enhance sperm motility (Herrero
etal.,2001), while the overproduction results in the impair-
ment of spermatogenesis in the gonads (Taneli et al., 2005).
In vitro studies have also shown that low concentrations of
NO enhance the motility of mouse and human sperm, while
high concentrations decrease sperm motility (Rosselli et
al., 1998; Herrero et al., 2003). Increased arginase activity
generally results in a lower NO concentration and, there-
after subsequently leads to increased sperm motility (Elgun
et al., 2000). Furthermore, Mendez and Haro (2006) have
reported that arginase in ram spermatozoa is positively
correlated with the degree of maturation of the sperm cell,
and arginase could possibly be used by spermatozoa in
promoting motility and preventing a premature acrosome
reaction.

A negative correlation was recorded between the sperm
count and arginase activity, which also indicated that
increases in cell counts were accompanied by decreases
in arginase activity in oligospermic men (Elgun et al.,
2000). Seminal plasma arginase activity was positively cor-
related with sperm concentration (Eskiocak et al., 2006).
Arginine content is then also generally high in the nor-
mal sperm nucleoprotein (Yilmaz, 2005) and arginase is
an arginine-depleting enzyme that catalyzes the hydrol-
ysis of L-arginine to urea and ornitine (Kandemir and
0Ozdemir, 2009). Ornitine may then support the synthesis of
polyamines such as spermidine, spermine and putrescine

in the seminal fluid (Kocna et al., 1996). These polyamines
play an important role in cell growth, cell proliferation
and differentiation (Razmi et al., 2005). The results of this
present study thus indicated that a positive correlation
exists between seminal plasma arginase activity and the
sperm concentration. The reason for the positive correla-
tion may then be attributed to the hypothesis mentioned
above.

Semen mass activity is generally an indicator for pre-
determining sperm motility and concentration. Therefore,
there generally exists a positive correlation between semen
mass activity and sperm motility and between mass activ-
ity and sperm concentration (Bearden et al., 2004). In the
present study, it was also found that a positive correlation
exists between seminal plasma arginase activity and mass
activity. This could be attributed to the positive correlations
found between sperm motility and arginase activity and
between sperm concentration and semen mass activity.

In this study, it was also observed that a negative cor-
relation was recorded between seminal plasma arginase
activity and the percentage abnormal sperm. The reason
for this correlation is unknown. However, arginase activ-
ity regulates the NO concentration (Nathan, 1997), which
decreases as a result of increased arginase activity (Elgun
et al., 2000). Aksoy et al. (2000) also reported a significant
positive correlation to exist between the nitric oxide con-
centration in the seminal plasma and the occurrence of
abnormal sperm. Therefore, if nitric oxide concentration in
seminal plasma decreases, arginase activity in the seminal
plasma increases and this increase may be the reason for
the decrease in the proportion of abnormal sperm.

5. Conclusion

In conclusion it can be said that this study clearly sug-
gests that a correlation exists between seminal plasma
arginase activity and certain semen parameters in bucks.
Therefore, seminal plasma arginase activity may be a bio-
chemical criterion also to be used to determine sperm
quality in bucks.
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