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ABSTRACT
Bokor Z., Csorbai B., Várkonyi L., Szári Zs., Fodor F., Ittzés I., Żarski D., Urbányi B., Bernáth G. (2018): Effects
of chilled storage and pH of activating solution on different motility parameters in burbot (Lota lota)
sperm. Czech J. Anim. Sci., 63, 429–434.
The effects of a simple saline solution prepared using two different pH (4.4 and 8.5) on sperm motility in
burbot were investigated. Results were recorded during a 96-hour chilled storage (4°C) in 24-hour intervals.
Measurements were focused on the detailed characteristics of motility using 12 parameters obtained from
the Computer-assisted Sperm Analysis (CASA). Significantly higher progressive motility (pMOT), distance
average path (DAP), distance curved line, distance straight line (DSL), average path velocity (VAP), curvilinear velocity, straight line velocity, and beat cross frequency (BCF) were observed with the activating solution
buffered at pH 8.5 in comparison with pH 4.4. Already after 24 h a significant reduction was measured in
pMOT (0 h: 49 ± 24%, 24 h: 12 ± 7%). Similar decreasing tendency was recorded only after 72 h in DAP (0 h:
26 ± 4 µm/s, 72 h: 19 ± 9 µm/s), DSL (0 h: 21 ± 5 µm/s, 72 h: 17 ± 8 µm/s), VAP (0 h: 59 ± 9 µm/s, 72 h: 43 ±
21 µm/s), and BCF (0 h: 28 ± 2 Hz, 72 h: 18 ± 10 Hz). The response of different investigated CASA parameters
to different treatments varied in our experiments. According to our studies, numerous burbot sperm motility
parameters are sensitive to chilled storage and to low pH of the activating solution. Our results could support
the effective sperm quality assessment and successful artificial propagation process in burbot.
Keywords: short-term storage; activation; Lota lota; sperm analysis; CASA parameters
Abbreviations: CASA = Computer-assisted Sperm Analysis, pMOT = progressive motility, VCL = curvilinear
velocity, VSL = straight line velocity, LIN = linearity, VAP = average path velocity, ALH = amplitude lateral head
displacement, BCF = beat cross frequency, DAP = distance average path, DCL = distance curved line, DSL =
distance straight line, WOB = wobble, STR = straightness
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The burbot (Lota lota) is a freshwater (only
gadid) ground fish with a Holarctic distribution
(Lahnsteiner et al. 2002; Palinska-Zarska et al.
2015). A migrating behaviour is typical for the
species in winter prior to the spawning season to
reach the spawning area (Lahnsteiner et al. 1997).
Its populations are threatened by the intensive
fishing, overexploitation, thermal anomalies, inhibition of spawning migration, water pollution
and became endangered (Lahnsteiner et al. 2002;
Palinska-Zarska et al. 2015). Obviously, burbot has
a high commercial interest with a huge potential of
intensive aquaculture whereas in the meantime its
natural populations need to be managed from the
conservation aspect in many European counties
(Lahnsteiner and Mansour 2012; Palinska-Zarska
et al. 2015; Kucharczyk et al. 2016). Therefore,
the improvement of its effective propagation in
controlled condition is a key factor of the restocking process and the commercial production as
well (Palinska-Zarska et al. 2015; Kucharczyk et
al. 2016). Fertilization success can be strongly affected by the gamete quality in many freshwater
species, in burbot as well (Kucharczyk et al. 2016).
Sperm biology in burbot differs from that in other
commercial freshwater species (Lahnsteiner et al.
2002). Sperm motility is a major gamete quality
parameter and can be an important predictor of
fertilization success as well (Lahnsteiner et al.
1997; Fauvel et al. 2010). Sperm movement can
be used as a tool to measure the effects of different experimental or practical conditions such as
sample collection, sperm dilution medium, and the
process of sperm storage (Bobe and Labbe 2010).
Sperm motility can be affected by the pH. This
phenomenon has been studied in the North American burbot subspecies (Lota lota maculosa) where
sperm was immobilized or activated using solutions buffered in a pH range of 6.5–8.5. A clear
effect of solutions buffered to 6.5 was revealed on
sperm motility, however, movement characteristic
was not investigated in detail (Zuccarelli et al.
2007). Lahnsteiner et al. (1997) measured the pH
dependency (in a range 6–9) on a few motility parameters (immotile, motile, linear and non-linear
motility, circular motility, sperm velocity, average
lateral head displacement, beat cross frequency) of
burbot sperm. The observed parameters respond
differently at pH 6, 7.5, and 9. Motility parameters
were similar at pH 7.5 and 9. At pH 6, motility
rate, swimming velocity, and linear movement de430

creased, while circular movement increased (head
displacement and head motion frequency did not
change). Furthermore, Gallego et al. (2013) proved
in pufferfish (Takifugu niphobles) that total and
progressive motility, curvilinear velocity, straight
line velocity, and average velocity are key factors
in fertilization success. These studies suggest that
an overview of sperm movement characteristics
relative to pH can support the effective fertilization and propagation process.
Different storage methods are frequently used
in fish farming (Aramli et al. 2013). Short-term
(or chilled) storage is usually carried out above
0°C and long-term storage below 0°C. The gamete
storage for short periods can solve the difficulties
originating from asynchronous gamete production
during the propagation and can help the transport
process as well (Aramli 2014). Short-term or chilled
storage has already been effectively investigated or
developed in many freshwater fish species (cyprinid, percid, acipenserid, salmonid etc.) (Stoss and
Refstie 1983; Saad et al. 1988; Aramli et al. 2013;
Sarosiek et al. 2013). However, to our knowledge,
chilled storage of native burbot sperm has not
been tested and/or published so far. Information regarding the effective sperm activation and
chilled storage can support the improvement of
the artificial propagation in burbot.
In our study, measurements were carried out to
get information regarding the pH dependency and
the sensitivity for chilled storage in burbot sperm.
In comparison with former studies, our experiments focused on the detailed characteristics of
sperm movement (using the CASA system) following different treatments (pH and chilled storage).

MATERIAL AND METHODS
Broodstock management and gamete collection. In our study, a broodstock of burbot (Lota
lota) males (n = 17) was transported from the
hatchery of the fish farm in Nagykarácsony in
January 2017 and was maintained at the Department of Aquaculture in the Szent István University
(Gödöllő, Hungary). Fish were kept in a 2 m3 plastic
tank at a temperature 2–3°C where continuous
water supply was provided. Prior to sperm motility
assessments, gamete production was hormonally
induced using 1 pellet Ovopel ((D-Ala6, Pro9NEt)mGnRH + metoclopramide) per kg body weight
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(Zarski et al. 2010). Sperm was collected 3 days
post injection. Before sampling, males were anesthetised using 2-phenoxyethanol (99%) at a dose
of 0.4 ml/l. The genital apertures of the injected
males were wiped dry before the collection of
sperm to prevent their activation. Samples were
hand-stripped using 2 ml syringes. Milt was stored
at 4°C before motility measurements according to
the experimental design.
Sperm motility assessment. Fresh sperm motility parameters (Rurangwa et al. 2004; Horvath et
al. 2006; Fauvel et al. 2010; WHO 2010) (Table 1)
were recorded using a CASA system (Computerassisted Sperm Analysis, Sperm Vision™ v. 3.7.4.,
Minitube of America, Venture Court Verona, USA).
A simple saline solution was used as activator
(50 mM NaCl, 30 mM Tris) (Lahnsteiner et al. 2002)
in a mixture of approximately 0.01 g/ml bovine
serum albumin (BSA). In our study, two different
experiments measuring motility of fresh burbot
sperm were carried out. In the first experiment
(n = 7), the simple saline solution was buffered for
two different pH (4.4 and 8.5) and detailed sperm
movement was compared in the two groups. In the
second experiment (n = 6), samples were stored
at 4°C for 96 h and motility parameters were recorded at 24-hour intervals. For cells activation, the
above mentioned solution buffered to pH 8.5 was
used. All chemicals were purchased from Reanal
(Hungary) and Sigma-Aldrich (USA).
Statistical analysis. Results of the motility
assessments were analysed using the statistical
software packages SPSS 14.0 (SPSS Inc., USA),
Table 1. Computer-assisted Sperm Analysis (CASA) parameters observed in our experiments
Analysed motility parameters

Unit

Progressive motility (pMOT)

%

Curvilinear velocity (VCL)

μm/s

Straight line velocity (VSL)

μm/s

Linearity (LIN)
Average path velocity (VAP)
Amplitude lateral head displacement (ALH)

%
μm/s
μm

Beat cross frequency (BCF)

Hz

Distance average path (DAP)

μm

Distance curved line (DCL)

μm

Distance straight line (DSL)

μm

Wobble (WOB)

%

Straightness (STR)

%

and GraphPad Prism 5.0 for Windows (GraphPad
Software, USA). Kolmogorov–Smirnov test was
used to test normal distribution of data at the
significance level of P ≤ 0.05. Data not showing
normal distribution were transformed using arcsine
square (progressive motility (pMOT), linearity
(LIN), wobble (WOB), straightness (STR)), root and
logarithm (curvilinear velocity (VCL), straight line
velocity (VSL), average path velocity (VAP), amplitude lateral head displacement (ALH), beat cross
frequency (BCF), distance average path (DAP),
distance curved line (DCL), distance straight line
(DSL)) function. Results obtained from different
groups were compared using one-way ANOVA,
Student’s t-test followed by Tukey’s and Dunnett’s
T3 post hoc tests.

RESULTS AND DISCUSSION
Former studies revealed that extra- and intracellular pH, temperature and the osmolality (as well
as the dissolved ions) of the assay medium have
a clear effect on fish sperm motility (Morisawa
and Morisawa 1986, 1988; Marian et al. 1997;
Alavi and Cosson 2005). K + plays an important
role in enhancing sperm movement in salmonids
and sturgeons where extra- and intracellular pH
has a lower impact (Alavi and Cosson 2005). In
contrast, lower pH had a strong negative effect on
the sperm motility of burbot in our experiment. A
significantly higher pMOT (49 ± 22%), DAP (25 ±
5 µm/s), DCL (31 ± 4 µm/s), DSL (20 ± 5 µm/s),
VAP (57 ± 10 µm/s), VCL (70 ± 9 µm/s), VSL (47 ±
11 µm/s), and BCF (27 ± 2 Hz) were measured
with the activating solution buffered at pH 8.5 in
comparison with pH 4.4 (pMOT 14 ± 19%, DAP
16 ± 5 µm/s, DCL 19 ± 7 µm/s, DSL 13 ± 4 µm/s,
VAP 36 ± 13 µm/s, VCL 44 ± 17 µm/s, VSL 29 ±
9 µm/s, and BCF 18 ± 9 Hz). No significant differences were measured in STR, LIN, WOB, and
ALH parameters using the two solutions (Table 2,
Figure 1). Lahnsteiner et al. (1997) investigated
the effect of pH in different solutions (in a range
6–9). Similar results were reported in their study
where motility rate, linear motility and velocity
were reduced by pH 6. ALH was not affected by
low pH in both investigations, too. Contrary to
their finding, BCF was reduced significantly by pH
4.4. In both studies, motility parameters responded
differently for the reduction of the pH in the activat431
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Table 2. Motility parameters of burbot sperm by the use of two different activators (buffered at pH 4.4 and 8.5) (n = 7).
Asterisks indicate significantly higher (P ≤ 0.05) values (means ± standard deviations)
DAP

pH

pMOT
(%)

4.4
8.5

14 ± 19 16 ± 5
49 ± 22* 25 ± 5*

DCL
(µm)

DSL

19 ± 7
31 ± 4*

13 ± 4
20 ± 5*

VAP

VCL
(µm/s)

VSL

36 ± 13 44 ± 17 29 ± 9
57 ± 10* 70 ± 9* 47 ± 11*

STR

LIN
(%)

WOB

ALH
(µm)

BCF
(Hz)

81 ± 4
81 ± 7

67 ± 8
66 ± 10

82 ± 7
80 ± 5

2 ± 0.5
2 ± 0.3

18 ± 9
27 ± 2*

pMOT = progressive motility, DAP = distance average path, DCL = distance curved line, DSL = distance straight line, VAP =
average path velocity, VCL = curvilinear velocity, VSL = straight line velocity, STR = straightness, LIN = linearity, WOB =
wobble, ALH = amplitude lateral head displacement, BCF = beat cross frequency

ing solution. However, Lahnsteiner and Mansour
(2012) also reported a correlation between assay
solution temperature and sperm motility in burbot.
Too high and too low temperature also affected
sperm movement. The highest initial motility and
velocity was observed in a range of 4–6°C. Future
studies could show how the motility parameters
investigated in our experiment have been affected
by the activating solution temperature. Similarly
to our results, tap water as activator, titrated for
pH 6.5, caused a significant reduction in motility
of native North American burbot (Lota lota maculosa) sperm. However, the sperm was less sensitive
to pH. In contrast, a dose dependent inhibition
of motility was observed when North American
burbot sperm was incubated in an immobilizing
solution (pH range 6.5–9) for 1 h and activated
80

*

60
50

Progressive
motility (%)
(%)
Progre
essive motility

Progreessive motility (%)

70

40
30
20
10
0
8.5

4.4

pH of the activating solution

Figure 1. Comparison of progressive sperm motility
(pMOT) in burbot obtained using two different (pH 4.4
and 8.5) activators (n = 7). pMOT values in the column
marked with asterisk are significantly higher (P ≤ 0.05).
The columns represent mean and standard deviation
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also using tap water (Zuccarelli et al. 2007). In
(Eurasian) burbot, former studies showed that
the duration of sperm movement played a more
important role during the fertilization process than
the percentage of motile spermatozoa (Targonska
et al. 2008; Kucharczyk et al. 2016). However, there
is no information available regarding a correlation
between all the motility parameters investigated in
our study and the fertilization capacity in burbot
sperm. Future studies could indicate which parameters of the cell movement are the key factors
during the fertilization process.
Chilled storage caused a significant reduction
in pMOT after 24 h (0 h: 49 ± 24%, 24 h: 12 ± 7%).
Significant decreasing tendency was recorded only
after 72 h in DAP (0 h: 26 ± 4 µm/s, 72 h: 19 ±
9 µm/s), DSL (0 h: 21 ± 5 µm/s, 72 h: 17 ± 8 µm/s),
VAP (0 h: 59 ± 9 µm/s, 72 h: 43 ± 21 µm/s), and BCF
(0 h: 28 ± 2 Hz, 72 h: 18 ± 10 Hz) parameters. No
significant reduction was observed in DCL, VCL,
VSL, STR, LIN, WOB, and ALH parameters for
80
70
60
50
40
30
20
10
0

*

*
0

24

48

*
72

*
96

Storage time (h)
Storage

Figure 2. Progressive sperm motility (pMOT) during a
96-hour chilled storage (4°C) (n = 6). pMOT values in
the columns marked with asterisks are significantly lower
(P ≤ 0.05) if compared to freshly stripped group. The columns represent mean and standard deviation
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Table 3. Effects of a 96-hour chilled storage (4°C) on motility parameters of burbot sperm (n = 6). Values (means ±
standard deviations) marked with asterisks at different storage times were significantly lower if compared to the
freshly stripped group (P ≤ 0.05)
pMOT (%)
DAP (µm)
DCL (µm)
DSL (µm)
VAP (µm/s)
VCL (µm/s)
VSL (µm/s)
STR (%)
LIN (%)
WOB (%)
ALH (µm)
BCF (Hz)

Freshly stripped
49 ± 24
26 ± 4
31 ± 4
21 ± 5
59 ± 9
72 ± 8
49 ± 10
83 ± 7
68 ± 9
81 ± 5
2 ± 0.2
28 ± 2

24 h
12 ± 7*
25 ± 5
29 ± 4
23 ± 5
57 ± 10
66 ± 8
51 ± 10
89 ± 4
77 ± 7
86 ± 5
2 ± 0.2
27 ± 1

48 h
9 ± 12*
24 ± 8
27 ± 8
22 ± 8
55 ± 17
62 ± 16
50 ± 17
90 ± 3
78 ± 7
86 ± 5
2 ± 0.3
22 ± 5

72 h
5 ± 9*
19 ± 9*
24 ± 12
17 ± 8*
43 ± 21*
53 ± 25
38 ± 19
88 ± 5
73 ± 17
82 ± 16
2±1
18 ± 10*

96 h
1 ± 1*
7 ± 6*
10 ± 8
6 ± 5*
16 ± 13*
22 ± 18
14 ± 11
57 ± 45
44 ± 36
51 ± 40
2±2
6 ± 5*

pMOT = progressive motility, DAP = distance average path, DCL = distance curved line, DSL = distance straight line, VAP =
average path velocity, VCL = curvilinear velocity, VSL = straight line velocity, STR = straightness, LIN = linearity, WOB =
wobble, ALH = amplitude lateral head displacement, BCF = beat cross frequency

up to 96-hour storage (Table 3, Figure 2). Motility
parameters respond to storage time with various
levels of sensitivity, although the reduction in pMOT
was notable and significant already after 24 h. To
our knowledge, this experiment is the first to report
on the storage of native burbot sperm. Contrary to
our findings, common carp (Cyprinus carpio) sperm
showed higher tolerance for chilled storage (at 4°C)
for 2 days where the sperm quality was enhanced for
16 days with the addition of 50 µg/ml streptomycin
and 50 IU bipenicillin (Saad et al. 1988). Native
Eurasian perch (Perca fluviatilis) sperm could be
stored for 3 days. Furthermore, samples stored in
an immobilizing solution maintained motility for
48 days of storage at 4°C (Saroisek et al. 2013). In
rainbow trout (Salmo gairdneri), the sperm treated
using 500 IU penicillin and 500 µg streptomycin
under pure oxygen showed an elevated fertilizing
capacity even following 34 days of storage at 0°C
(Stoss and Holtz 1983). Former studies suggest that
the application of immobilizing solution and the
addition of antibiotics or pure oxygen can prolong
the possible storage time of native burbot sperm.

CONCLUSION
Native burbot sperm was sensitive to chilled
storage and to the pH of the applied activating
solution in general. However, motility parameters

responded to the mentioned effects in various ways.
The results obtained from the two experiments
support the establishment of an effective and
practical quality measurement system in burbot
sperm. These findings may also help improve the
propagation process in burbot.
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