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Abstract The role of the seminal fluid antioxidant

system in protection against damage to spermatozoa

during in vitro sperm storage is unclear. This study

investigated the effect of in vitro storage of sterlet

Acipenser ruthenus spermatozoa togetherwith seminal

fluid for 36 h at 4 �Con spermatozoonmotility rate and

curvilinear velocity, thiobarbituric acid reactive sub-

stance level, and components of enzyme and non-

enzyme antioxidant system (superoxide dismutase and

catalase activity and uric acid concentration) in

seminal fluid. Spermatozoon motility parameters after

sperm storage were significantly decreased, while the

level of thiobarbituric acid reactive substances, activity

of superoxide dismutase and catalase, and uric acid

concentration did not change. Our findings suggest that

the antioxidant system of sterlet seminal fluid is

effective in preventing oxidative stress during short-

term sperm storage and prompt future investigations of

changes in spermatozoon homeostasis and in sperma-

tozoon plasma membrane structure which are other

possible reasons of spermatozoon motility deteriora-

tion upon sperm storage.
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Introduction

In vitro storage of sperm is an essential tool in gamete

manipulation in artificial fish reproduction. The role of

the sperm antioxidant system (AOS), as a network of

enzyme and non-enzyme processes of cell protection

against damage during in vitro storage is not fully

understood. Alterations in sperm physiology, DNA

integrity, and oxidative stress indices of Russian and

Siberian sturgeon sperm during short-term in vitro

storage were studied by Shaliutina et al. (2013). They

reported that the percentage of motile spermatozoa

declined only after 3 days of storage in both species,

while a significant decrease in spermatozoon velocity

was observed after 2 days of storage. Shaliutina et al.

(2013) found the level of thiobarbituric acid (TBA)

reactive substances (TBARS) to increase significantly

after 6-day storage of Russian sturgeon Acipenser

gueldenstaedtii sperm and after storage for 3 days in
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sperm of Siberian sturgeon Acipenser baerii, with the

increase in products of protein oxidative damage

preceding TBARS increase. According to these

authors, the increase in superoxide dismutase (SOD)

activity observed after 2 days of in vitro storage was

insufficient to prevent cellular damage associated with

oxidative stress. In contrast, no alterations in the level

of non-enzyme antioxidants and activity of antioxi-

dant enzymes were found in spermatozoa and seminal

fluid of brown trout after 48-h storage (Lahnsteiner

et al. 2010b). These data on sperm AOS response to

storage are not sufficient to draw general conclusions

and encourage further studies. As spermatozoa are

characterized by low cytoplasmic volume and, there-

fore, low levels of endogenous antioxidants, they rely

chiefly on the antioxidant capacity of seminal fluid for

protection from oxidative damage (Baumber and Ball

2005; Ciereszko 2008; Lahnsteiner et al. 2010b; Potts

et al. 2000; Tavilani et al. 2008). In contrast to amount

of data on other fish species sperm (spermatozoa and

seminal fluid) AOS and AOS of sturgeon spermatozoa,

the data on sturgeon seminal fluid AOS are scarce. The

goal of this study was to collect more data on the AOS

of seminal fluid in sturgeons. Spermatozoa of sterlet

Acipenser ruthenus were stored together with seminal

fluid for 36 h at 4 �C, and the changes in spermatozoa

curvilinear velocity and motility rate and seminal fluid

antioxidant (superoxide dismutase, catalase, uric acid)

and thiobarbituric acid reactive substance levels in

comparison with freshly collected semen were

investigated.

Materials and methods

Ethics

All experiments were conducted according to the

principles of the Ethics Committee for the Protection

of Animals in Research of the University of South

Bohemia in Ceske Budejovice, Research Institute of

Fish Culture and Hydrobiology, Vodnany, based on

the EU-harmonized Animal Welfare Act of the Czech

Republic.

Fish rearing conditions and sperm sampling

Fivemature sterletAcipenser ruthenusmales (3–5 years

old,weight 0.7–1.2 kg)were obtained during the natural

spawning season. Fish were kept outdoors at water

temperature 8–10 �C in plastic tanks located at the

hatchery of the Research Institute of Fish Culture and

Hydrobiology. Before hormone injection, fish were

transferred to a closed recirculation system, and water

temperature was increased to 15 �C within 24 h. Fish

did not receive food for 4 days before beginning

experimentation.

For initiation of spermiation, fish were injected

intramuscularlywith carp pituitary extract (4 mg kg-1).

Thirty-six hours after hormone injection, sperm was

collected from urogenital ducts by aspiration using a

4-mm plastic catheter connected to a 20-mL syringe.

Each sperm samplewas divided into two aliquots, one of

which was analyzed immediately and the other was

stored under aerobic conditions at 4 �C for 36 h until

analysis. For this, 5 mL of sperm in 50 mL hermetically

sealed plastic tubes was put in fridge. Sperm concentra-

tion of studied samples was in range 0.12–0.35 9 109

cells mL-1. A portion of the samples before and after

storage was centrifuged at 10,0009g for 10 min at 4 �C
to obtain seminal fluid (SF).

Spermatozoon motility analysis

Sperm was diluted 1:50 with water from tanks (15 �C,
pH 7.8, dissolved oxygen 8 mg L-1) in which fish

were kept, and spermatozoon motility was immedi-

ately recorded until cessation, using video microscopy

combined with stroboscopic illumination (ExposureS-

cope�, Czech Republic). Video records were analyzed

to estimate spermatozoon curvilinear velocity (VCL)

and percent of motile cells (motility rate) by microim-

age analyzer (Olympus Micro Image 4.0.1. for Win-

dows, Japan).

Evaluation of thiobarbituric acid reactive

substance content in seminal fluid

The content of TBARS in seminal fluid was measured

spectrophotometrically according to Asakawa and

Matsushita (1980). This test involves the reaction of

secondary products of lipid peroxidation with TBA at

100 �C under acidic conditions to produce a pink-

colored chromogen. The absorbance of colored samples

was measured at 535 nm against a blank with deionized

water replacing the SF.Amolar extinction coefficient of

1.56 9 105 M-1 cm-1 was used for calculation of

TBARS content, expressed as nmol mL-1 SF.
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Evaluation of superoxide dismutase activity

in seminal fluid

Superoxide dismutase (EC 1.15.1.1) activity was

measured spectrophotometrically at 420 nm accord-

ing to Marklund and Marklund (1974). The test

involves inhibition of pyrogallol (0.2 mM) autoxida-

tion in air-equilibrated 50 mM Tris–HCl buffer, pH

8.2, containing 1 mM EDTA, by SOD present in the

assayed seminal fluid. One unit (U) of SOD was

defined as the amount of the enzyme that inhibited the

reaction by 50 %. Results were expressed as U mL-1

of SF.

Evaluation of catalase activity in seminal fluid

Catalase (EC 1.11.1.6) activity was measured spec-

trophotometrically at 240 nm according to Marklund

et al. (1981). Reaction medium contained 10 vM
potassium phosphate buffer, pH 7.4, 0.1 mM EDTA,

and 15 vM H2O2. Catalase activity was calculated

from H2O2 decomposition rate with the use of molar

extinction coefficient 39.4 M-1 cm-1 and expressed

as lmol min-1 mL-1 of SF.

Evaluation of uric acid content of seminal fluid

The UrAc content was evaluated as an index of the

non-enzyme antioxidant system of seminal fluid. The

UrAc content was determined by the uricase method

(Duncan et al. 1982) using absorption spectrophotom-

etry and expressed as lmol L-1 of SF.

Statistical analysis

A nonparametric Mann–Whitney U test was used for

comparison of studied parameters, because of the low

number of observations (n = 5). Results were pre-

sented as mean ± SE. Statistical significance was

accepted at p\ 0.05. All analyses were conducted

using Statistica v. 9.1 (StatSoft Inc, Tulsa, OK, USA).

Results and discussion

Immediately after collection, spermatozoa were char-

acterized by the highmotility andVCL values typical of

sterlet (Dzyuba et al. 2012, 2014). After in vitro storage

for 36 h, both parameters were significantly decreased

(Fig. 1). The decrease in spermatozoonmotility param-

eters during in vitro storage has been detected for

diverse animal species including mammals, birds, and

fishes (Aramli et al. 2013, 2014; DeGraaf and Berlinsky

2004; Douard et al. 2005; Guthrie et al. 2011; Kadirvel

et al. 2009; Shaliutina et al. 2013; Zaniboni and Cerolini

2009). It shouldbe stressed that in other sturgeon species

the decline in motility parameters was shown to happen

later compared to our study. For example, VCL of

Russian and Siberian sturgeon spermatozoa was signif-

icantly decreased after 2 days of storage, while percent

of motile spermatozoa essentially dropped after 3 days

of storage for Persian sturgeon and after 6 days of

storage for Russian and Siberian sturgeon (Aramli et al.

2013; Shaliutina et al. 2013).

Oxidative stress development during in vitro stor-

age is considered to be a major source of spermato-

zoon motility deterioration (Aramli et al. 2013, 2014;

Shaliutina et al. 2013; Zaniboni and Cerolini 2009).

Accumulation of lipid, protein, and DNA oxidative

damage products has been reported to occur in

sturgeon concurrently with reduction in motility

parameters (Aramli et al. 2013, 2014; Shaliutina

et al. 2013). Notwithstanding the observed increase

in SOD activity in these studies, antioxidant enzyme

activity in spermatozoa has been suggested to be

insufficient to prevent cellular damage (Shaliutina

et al. 2013). Considering these data and the fact that

antioxidant capacity of seminal fluid is essential for

Fig. 1 Sterlet spermatozoon motility parameters before and

after 36-h sperm in vitro storage. VCL curvilinear velocity; *—

values before and after storage are significantly different

(p\ 0.05); n = 5
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the protection of spermatozoa from oxidative stress

(Ciereszko 2008; Lahnsteiner et al. 2010b), we

assessed the possibility of oxidative stress develop-

ment in SF of stored sterlet sperm and its impact on

spermatozoon motility parameters.

In the present study, TBARS content in seminal

fluid of sterlet sperm before and after 36 h of in vitro

storage did not show significant changes (Fig. 2).

Short-term storage at 4 �Cwas also not associatedwith

changes in CAT and SOD activity (Fig. 3) or UrAc

concentration (Fig. 4) in seminal fluid of A. ruthenus.

The concentration of UrAc in sterlet seminal fluid

was found to be significantly lower compared to the

values which were reported previously for seminal

fluid of Salmonidae, Cyprinidae, Ecosidae, Percidae

and Lotidae (Ciereszko et al. 1999; Lahnsteiner and

Mansour 2010). At the same time, enzymatic antiox-

idant system of sturgeon seminal fluid seems to be

more forceful, as the levels of SOD and CAT activity

determined in our study were significantly higher than

the levels shown for other fish species (Lahnsteiner

and Mansour 2010).

No change in SOD and CAT activity or UrAc

concentration was reported in brown trout seminal

fluid after 48 h of sperm storage at 4 �C (Lahnsteiner

et al. 2010b). Lahnsteiner et al. (2010b) demonstrated

also that intensity of lipid peroxidation stimulated by

ferrous sulfate and ascorbic acid was lower in brown

trout spermatozoa incubated for 72 h in seminal fluid

at 4 �C than in spermatozoa incubated in sperm

motility-inhibiting saline solution. It confirms antiox-

idant functions of seminal fluid.

Fig. 2 Concentration of TBA reactive substances in seminal

fluid of sterlet sperm before and after 36-h sperm in vitro

storage. TBARS thiobarbituric acid reactive substances; n = 5

Fig. 3 Antioxidant

enzymes activity in seminal

fluid of sterlet sperm before

and after 36-h sperm in vitro

storage. SOD superoxide

dismutase activity, CAT

catalase activity; n = 5

Fig. 4 Uric acid concentration in seminal fluid of sterlet sperm

before and after 36-h sperm in vitro storage. UrAc uric acid;

n = 5
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As we did not find significant alterations in levels of

lipid peroxidation products and the studied enzyme

and non-enzyme components of AOS as a result of the

short-term in vitro storage of sterlet sperm at 4 �C, we
hypothesize that AOS of sterlet sperm is effective in

preventing the development of oxidative stress over

the short-term storage. Thus, the observed significant

decrease in spermatozoon motility parameters after

36 h of in vitro storage could be attributed to sources

other than oxidative stress.

There are several possible reasons of spermatozoa

quality deterioration after sperm storage. Spermato-

zoon motility could decline as a result of storage-

induced disturbance of spermatozoon calcium home-

ostasis, which may be detrimental to sperm activation

(Guthrie et al. 2011). Reduced sperm quality during

liquid storage can also be associated with changes in

spermatozoon plasma membrane lipid organization

and functions (Douard et al. 2005; Lahnsteiner et al.

2010a; Zaniboni and Cerolini 2009). The question

arises whether above-mentioned processes are

involved in sterlet spermatozoon motility decrease

during short-term sperm storage, and it prompts future

investigations of changes in calcium homeostasis and

in spermatozoon plasma membrane structure upon

sperm storage in presence of seminal fluid.
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