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26A cryoprotective effect of an addition of a new synthetic antioxidant – a representative of phosphorus-
27containing sterically hindered phenols is presented. The efficiency of the compound was shown to exceed
28the effect of lipid-soluble antioxidants butylated hydroxytoluene (BHT) and trolox in the conditions of
29cryopreservation of beluga sperm in the presence of the modified Stein’s medium. It was shown that
30the level of carbonyl oxidation by-products, which can react with thiobarbituric acid (TBARS), in beluga
31sperm was inversely proportional to the motility time of sperm cells. The fertility of beluga sperm
32increased 2 times upon the addition of phosphorus-containing phenol to a modified Stein’s medium.
33The prospects of the new antioxidant application to improve cryoresistance of beluga sperm in the con-
34ditions of cryopreservation for its efficient protection from the peroxidation processes are discussed.
35� 2014 Published by Elsevier Inc.
36
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39 Introduction

40 At recent decades, there was noticeable exhaustion of sturgeon
41 species reserves, as can be seen from the data of official statistics.
42 The decline of these species of fish, some of which are rare and
43 being under threat of disappearance, was accelerated under the
44 action of anthropogenic impact, which is significantly different
45 from evolutionary factors. Beluga (Huso huso Linnaeus, 1758), as
46 the largest and most long-living species of sturgeon, is now one
47 of the vulnerable species. It is listed in the Red book of the
48 International Union for Conservation of Nature (IUCN), the Azov
49 subspecies of beluga is listed in the «Red book of the Russian
50 Federation» (2001) [24,43]. In connection with current situation
51 the conservation of this species of sturgeon is a priority task. Cryo-
52 preservation is a promising way for preservation of rare and
53 endangered species of sturgeon. For these purposes the fish sperm
54 is used, because it can be stored in liquid nitrogen during several
55 decades without change of its productive qualities [9]. Such biolog-
56 ical features of sperm cells, as dense packing of genetic material,
57 low water content (which is important in view of cells damage at

58freezing), low level of vital activity in the stationary conditions
59make them the most suitable object for freezing [21]. However,
60the stable high percentage of the viability of spermatozoids after
61defrosting cannot be guaranteed. This situation is caused by the
62injury of the majority of the cells during cryopreservation because
63of intra- and extracellular water crystallization [52], as well as
64hyper-production of reactive oxygen species (ROS) in sperm
65[31,4,6]. It is known that the level of cryo-injury of the sperm
66can be estimated by the intensity of free-radical reactions [33].
67Sperm is characterized by a high concentration of polyunsatu-
68rated acids. These acids cause sensitivity of the sperm to the harm-
69ful effects of free radicals that can speed up the process of lipid
70peroxidation (LPO) [11,12]. Disposal of ROS is provided by various
71antioxidants both inside and outside of a cell. In the case, if the
72concentration of antioxidants in cryoprotective medium in the pro-
73cess of preservation, is insignificant, oxidative injury of important
74sperm cell structures occurs [44].
75We have previously determined that phosphorus-containing
76sterically hindered phenols possessed inhibiting activity in reac-
77tions of liver lipid peroxidation. This finding allowed to propose a
78way for reduction of the peroxidation level of liver lipid of Russian
79sturgeon [5], Russian sturgeon sperm [37], fish feed lipids [7],
80based on addition of (3,5-di-tert-butyl-4-hydroxy phenyl) methy-
81lenediphosphonic acid (MDPA). It was shown that MDPA possessed
82the highest efficiency of antioxidating Q3activity, such activity of this
83compound exceeded the effect of commonly known antioxidants.
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84 In this work we discuss the use of MDPA to improve the cryore-
85 sistance of beluga sperm cells. Cryoprotective effect of this com-
86 pound was estimated by its influence on the rate of lipid
87 peroxidation of beluga sperm fragments, on its activity and fertility
88 in the conditions of cryopreservation. We performed a comparison
89 of the efficiency MPDA’s antioxidating effect on beluga and Russian
90 sturgeon sperm cells.

91 Materials and methods

92 Reagents and solutions

93 MDPA was synthesized by known methods [41], BHT (2,6-di-
94 tert-butyl-4-methylphenol, 99%), trolox (6-hydroxy-2,5,7,8-tetra-
95 methylchromane-2-carboxylic acid, 97%) and all other reagents
96 were purchased from Sigma–Aldrich. Phenolic compounds were
97 dissolved in the modified Stein’s cryomedium (130 mM NaCl,
98 5 mM KCl, 20 mM NaHCO3, 5.5 mM glucose, 12.5% egg yolk,
99 12.5% DMSO) [39] to make a stock solution with the sperm at a

100 concentration of 0.1 mM.

101 Sperm collection

102 Beluga sperm, received from sturgeon hatcheries of the Low
103 Volga: Bertyulsky, Lebyazhyi, Sergiyevsky, was used in the study.
104 Tests were carried out during the period from 2005 to 2013. Every
105 year naturally mature fish (10–12 male fish, weighing 65 kg indi-
106 vidually, 18–25 years old) were obtained during peal stage of the
107 spawning season (from the end of March to the middle of May).
108 The sperm was collected by the hypophysial injections method.
109 The LH-RHa (Luteinizing Hormone – Releasing Hormone Ethyla-
110 mide) was entered to males and females. The dose was calculated
111 per 1 kg of female body weight and it was 4 mg/kg at water tem-
112 perature 9 �C. Females were exposed to two injections. The first
113 one (10% of total dose) was injected 36 h prior to receiving eggs
114 from females, the second injection (90% of total dose) was made
115 12 h after the first one. Males were subjected to a single injection
116 of LH-RHa 2–3 h before the second injection of females. The sperm
117 was collected by catheter. The sperm samples were placed on ice
118 and transported to the laboratory.

119 Motility and duration time of sperm after activation

120 The percentage of motile sperm cells was estimated using bin-
121 ocular microscope Micmed-5 with video-eyepiece HB-200 (LOMO,
122 Russia) with �800 total magnification after addition of river water
123 as an activating solution to the post-thaw sperm at a ratio of 1:250,
124 and the fresh sperm was activated at a ratio of 1:1000. For cryo-
125 preservation we used the sperm of the beluga with 4 and 5 points
126 activity determined according to the Persov scale [38], the concen-
127 tration of spermatozoa in the sperm (Goryaev camera) was
128 2.51�109 cells/mm3. Duration time (total period of sperm move-
129 ment, sec) was defined as the time from the activation to the ter-
130 mination of movement using stopwatch. Motility and duration
131 time of sperm after activation were measured by the same opera-
132 tor for three times.

133 General procedure for sperm freezing and thawing

134 Sperm cryopreservation was carried out according to the meth-
135 ods of Tsvetkova et al. [48]. The sperm diluted with the cryoprotec-
136 tive medium was distributed in labeled 1.5 ml Eppendorf tubes
137 and placed in the refrigerator for 40 min for equilibration [26].
138 The ratio of sperm and cryomedium was 1:1. Freezing temperature
139 was measured with an electronic thermometer. After equilibration

140deep freezing was performed in three stages: from 5 �C to �15 �C
141with rate 2–5 �C/min (freezing time 2–5 min); from �15 �C to
142�70 �C with rate 20–25 �C/min (freezing time about 3 min); deep
143freezing in liquid nitrogen. Thawing of sperm was performed in a
144water bath during 30–40 s at a temperature of 38–40 �C. Sperm
145survival was evaluated using the criteria of the post thaw sperma-
146tozoa motility.

147Fertility by post-thaw sperm

148Fertilization by post-thaw sperm of beluga eggs in vitro was
149performed by the method of Kokhanskoy (1980) [25] in Petri cup
150[13,23]. The eggs (from 150 to 180) were placed in Petrie dish.
151After thawing of sperm samples and calculation of their quantity
152egg fertilization was carried out. The egg to sperm ratio was 1:2.
153Incubation was carried out in tanks with flowing water. The sperm
154in river water (ratio 1:200) was added to provide the high proba-
155bility of monospermic fertilization. The eggs were stirred vigor-
156ously during 2 min. Values are given as mean ± SD, N = 3.
157Mathematic data processing was performed conducted by Student
158t-test.

159Determination of antioxidative activity

160The intensity of sperm lipid peroxidation has been assessed by
161the accumulation of carbonyl oxidation by-products, which react
162with thiobarbituric acid (TBARS), using the traditional method
163[47]. The content of TBARS was expressed as nano-moles per 109

164cells. In experiments of TBARS determination before cryopreserva-
165tion (without cryomedium) 1 ml of sperm was used, while in
166experiments of TBARS determination (with cryomedium) after
167cryopreservation the diluted sperm, quantity of which was equiv-
168alent to 1 ml of undiluted sperm, was applied. All experiments
169were repeated three times.
170(1) Before cryopreservation and without cryomedium.
171To 156 ml of 1.2% solution of KCl at 0–4 �C 8 ml of sturgeon
172sperm and 0.1 mM of tested compound (MDPA, BHT, trolox) was
173added. The resulting mixture was incubated for 48 h at 5 �C, the
1742 ml probes of a mixture were taken after 1, 3, 24 and 48 h into
175the plastic tubes (4 ml) for centrifugation. 0.1 ml of 2.6 mM solu-
176tion of ascorbic acid and 0.1 ml of 40 lM Mohr’s salt, 1 ml of 40%
177solution trichloroacetic acid were added to each probe. The tubes
178were placed for 10 min in a water bath at 37 �C, then they were
179centrifugated for 10 min at 3000g.
180On the next step 2 ml of supernatant were transferred to the
181clean tubes, 1 ml of 0.8% solution of thiobarbituric acid was added,
182the tubes were placed into a boiling water bath for 10 min and
183then they were cooled to the room temperature (25 �C). After cool-
184ing 1.0 ml portions of chloroform were added to the tubes to obtain
185receive the transparent solutions and these probes were centri-
186fuged at 3000g for 15 min. Supernatant liquid was collected and
187extinction of the probe was measured using SF-103 spectropho-
188tometer at 532 nm, the test probe was taken as a standard. The cal-
189culation was performed by the formula:
190

X ¼ ðE�3�3:2Þ=ð0:156�2Þ 192192

193where X (nmol) is the quantity of TBARS in native sperm; E – the
194extinction factor of the probe; 3.2 ml is the total volume of sperm
195from the tested fish; 2 ml is the volume of supernatant used for
196TBARS determination; 3 ml is the total volume of probes; 0.156 is
197the extinction factor of the 1 nmol TBARS at 532 nm.
198The effect of addition of MDPA, BHT, trolox on the level of accu-
199mulation of TBARS in beluga sperm in the presence of the modified
200Stein’s cryomedium before cryopreservation during incubation of
201the compound at room temperature for 3 h and after cryopreserva-
202tion for 3 days at a temperature equal to �196 �C was studied.
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