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Abstract: The aim of present study was to examine the potential protective role of a novel antioxidant enzyme preparation
on the viability and fertility of bull and ramen spermatozoa. Cu/ Zn-SOD, isolated from the fungal strain Humicola lutea
103 (HLSOD), was used. Data analysis showed that HLSOD significantly influenced spermatozoa viability during
incubation at 39°C for 300 min. A total number of 103 ewes and 168 cows were inseminated. The conception rates of
frozen bull semen treated with HLSOD were by 8.53 and 8.01% better compared to the control after 1-st and 1+2-nd
insemination, respectively. Similar results were obtained in the experiments on artificial insemination of ewes. Addition
of the antioxidant enzyme to both chilled and frozen-thawed ramen semen resulted in 6-8% increase of fertility after cervical
insemination compared to nontreated semen. Using frozen/ thawed ram semen with HLSOD for intrauterine insemination
10% higher conception rates were established. 
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INTRODUCTION An important reason for the decrease in fertility during

Sperm cells of domestic animals have been the object of radicals [5]. The sperm plasma membrane contains a high
various investigations all over the world. The capacity of amount  of  unsaturated  fatty  acids and is therefore
spermatozoa to perform independent movement is a particularly susceptible to peroxydative damage with
characteristic physiological capacity of theirs related to their subsequent  loss  of  membrane  integrity,  impaired cell
biological function - to fertilize the ovocyte. The successful function and decreased motility of spermatozoa [6, 7]. In
freezing of bull s semen was achieved after discovering the addition to  these  damaging  effects,  reactive oxygen species’

protective effect of glycerine and of the yolk of hen s egg [1]. are  physiologically  involved in hyperactivation of’

This was followed by a period of intensive empirical spermatozoa  and  their  continuous  production is a
study with  numerous  manuscript  published  demonstrating prerequisite for capacitation [8]. Semen contains antioxidants
the effect of different storage diluents, protective agents and including ascorbic acid, tocopherol, B-carotine, catalasa,
other additives [2] cooling rate, storage temperature, warming glutation   peroxidase   and   superoxide   dismutase,  that
rates and extending semen preservation methods across many balance lipid peroxidation and prevent excessive peroxide
livestock species. The researchers on the influence of low formation [9, 10].
temperatures on the physiological properties and the fertilizing In  the  present   study,   we   compared   the   effect  of
ability of ram spermatozoa are contradictory. Some authors Cu/ Zn-SOD from the fungal strain Humicola lutea 103
report that these characteristics do not change greatly for 24 h (HLSOD) on  viability  and  fertility  rates of frozen-thawed
if stored at 4°C [3]. Other authors find that the ram bull  spermatozoa,  chilled  and frozen-thawed ram
spermatozoa considerably worsen their fertilizing ability in spermatozoa.
these conditions.

The researchers show that the physiological properties of MATERIAL AND METHODS
ram spermatozoa are greatly influenced by the composition of
the diluents [4]. Production of the HLSOD: The fungal strain H. lutea 103

The  problem however, of ram spermatozoa preservation from the Mycological Collection of Institute of Microbiology,
in vitro at low temperatures is still-unclear. Sofia was used for production of Cu/ Zn SOD [11].

storage of semen is formation of lipid peroxides of oxygen



World J. Zool., 1 (1): 36-39, 2006

37

Collection and evaluating of semen: Bull semen from 4 with  HLSOD. Spermatozoa  were  assessed  after incubation
Holstein Frisian bulls at 4-5 years age was used for artificial
insemination (AI). The experiments were done with 16
ejaculates. Semen quality was assessedof two operators and to
be accepted as a donator, every bull had to fulfill the following
demand concerning semen quality: volume  5.0 mL,
macroscopic good visual mass activity, sperm concentration 
0.8 x 10  and progressive sperm motility  70%.9

Ram  semen  from 3 Merino rams all aged approximately
3-4 years was used for artificial insemination. Semen was
collected with an artificial vagina, 3-4 times weekly during the
breeding  season (July-August). The experiments were done
with 21  ejaculates. Semen quality assessed of two operators
and to be accepted as a donator, every ram had to fulfill the
following demand concerning semen quality: volume  0.5 mL,
macroscopic good visual mass activity, sperm concentration 
3x10 mL . and progressive sperm motility  75%. Volume,9 1

mass activity, sperm concentration and motility were evaluated
routinely: Sperm cell concentration was determinate in a
haemocytometer after diluting an aliquot of semen with 3%
NaCl (1: 100 dilution rate). The percentage of spermatozoa
displaying forward progressive motility was estimated by
diluting a drop of semen, transferring into a warm slide,
mounting it with coverslip and examining it under a microscope,
using a 10-point scale forlinear movement. The data were
expressed in percentage of total cells.

Diluting, storage and freezing of semen: For storage of
liquid ram semen at 3°C for 12 h were used mediums as follows:

Medium 1: Sodium citrate (95.2 n mol L )1

Medium  2:  Sodium   citrate   (95.2   n   mol   L ),  lactose1

(7.4  n  mol  L ), sucrose  (7.8  n  mol  L )  and rafinose (4.51 1

n mol L ).1

The pH-values of media were 7.0 and osmolarity - 205 m
Osm kg nL . (Cryoscopic osmometer of media Osmomat-30,1

Gonotec,  Berlin,  Germany). The diluent also contained 0 and
30 U mL  HLSOD. After dilution the final concentration is1

approximately 600x10  spermatozoa per mL. 6

Each ejaculate was divided into equal parts and diluted
with medium without or with 30 U mL  HLSOD. The semen1

was then cooled to 3°C for approximately 40 min by placing the
vials in a room at that temperature. The cooled semen was then
filled into plastic straws (0.25 mL Minitube) resulting in an
insemination dose of 150x10  spermatozoa. Semen was used for6

artificial insemination (AI) after 12 h.
For investigation viability 0.25 mL semen stored for 12 h

was  placed in water bath at 39°C in 0.5 mL medium without or

for 15, 180 and 300 min at 39°C.

For freezing: Fresh  bull  and ram semen was diluted in
Nagase-Niwas diluent (1:3 at 30°C). After equilibration for 4 h,

at 3°C, semen was frizzed according to the technology of
Nagase-Niwa [12].

The  semen was thawed at 39°C in above-mentioned
media. The diluent was divided into equal parts without or with
30 U mL  HLSOD. The pH-values of medium were 7.5 and1

osmolarity  201  m  Osm  kg mol L  (Cryoscopic osmometer1

of media Osmomat-30, Gonotec, Berlin, Germany).
Frozen  bull and  ram  semen  in  pellet  form  containing

14 - 15x10   progressive    motile spermatozoa   was  thawed6

at 39°C in 0.5 mL diluent without or with HLSOD. For
investigation of thawed semen viability, one pellet (0.15 mL)
was placed in 0.5 mL medium without or with HLSOD. All
aliquots were incubated at 39°C and spermatozoa were assessed
for motility after 15, 180 and 300 min.

Fertility  trials: The  artificial  insemination  of  cows
(Holstein Frizian) performed by the bimanual method. Estrous
onset  was  detected  and  noted down by an experienced
person,  who carried out continue observations thought the day,
watching behavior and clinical and gynecological symptoms
characteristic of the estrus in formless of this species [13]. The
total number of inseminated cows was 168. Cows were
inseminated with deep frozen semen taken from pellet,
containing 15x10  progressively motile spermatozoa. The semen6

was thawed at 39°C in 0.5 mL diluent without HLSOD (control
sample) and sample contains 30 U mL  HLSOD. To detect1

ewes returning to estrous teaser ram have be used.
Standard laparoscopic technique was used for intrauterine

insemination [14]. Cervical insemination was performed with
the aid of a Perspex speculum with an in-built light source to
illuminate the cervix and using bent-tippet plastic pipette.
Insemination was carried out at the deepest point easily
accessible  without  attempting  to forcibly penetrate the
cervical canal.

Cervical  insemination  with  liquid chilled semen (stored
at 3°C for 12 h) was performed with 0.25 mL150x106

spermatozoa. Intrauterine and cervical inseminations of ewes
with frozen-thawed semen were performed with 0.25 mL
containing 15x10  spermatozoa. A total number of 103 ewes6

were inseminated. Fertility rate was determinated by the calving
and lambing. 

Results are reported as means ± SD of separate
experiments and statistical significance was tested with
Student's test for paired analysis.
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Table 1: Effect of HLSOD on the motility of frozen-thawed bull spermatozoa after incubation at 39°C
Motility of spermatozoa after incubation at 39°C
----------------------------------------------------------------------------------------------------------------

Variants Thawing 180 min 360 min
Medium 1 - HLSOD 32.46±0.38 12.38±0.62 7.50±1.02

+ HLSOD 37.46±0.71** 22.45±0.74** 12.42±0.82*
Medium 2 - HLSOD 37.49±0.74 18.32±0.52*** 10.34±0.67

+ HLSOD 42.58±0.72** 23.68±0.68 17.50±0.60***
*p<0.05,   **p<0.01,   ***p<0.001

Table 2: Effect of HLSOD on the motility of the fresh and frozen-thawed ram spermatozoa in the different diluents after incubation at 39°C
Motility of spermatozoa after incubation at 39°C (%)
-------------------------------------------------------------------------------------

Variants 0 min 180 min 300 min
Fresh ram spermatozoa Medium 1 - HLSOD 70.88±2.17 50.83±2.49 30.33±2.99

+ HLSOD 80.00±1.70** 65.00±1.22** 52.50±2.96**
Medium 2 - HLSOD 72.17±1.92 63.33±2.52 50.00±3.70

+ HLSOD 87.67±1.52** 72.50±0.93** 65.83±1.37**
Frozen-thawed ram spermatozoa Medium 1 - HLSOD 30.50±0.89 10.60±2.57 2.70±1.08

+ HLSOD 35.50±0.86** 12.70±2.12 4.00±1.24
Medium 2 - HLSOD 34.50±0.88 12.30±2.78 3.70±1.25

+ HLSOD 39.00±0.66*** 12.90±3.30 4.50±1.57**
**p< 0.01,  ***p<0.001

Table 3: Effect of HLSOD on the fertility of frozen-thawed bull spermatozoa
Variants Inseminated cows (n) Calving rate at 1-st insemination (%) Calving rate at 1+2-nd insemination (%)
without HLSOD 85 54.12 82.35
with HLSOD 83 62.65 90.36

Table 4: Effect of HLSOD on the fertility of ram spermatozoa
Fertility
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chilled-stored semen Frozen-thawed semen
-------------------------------------------- ---------------------------------------------------------------------------------------------------------
Cervical insemination Cervical insemination Intrauterine insemination
-------------------------------------------- --------------------------------------------- -------------------------------------------

Variants - HLSOD + HLSOD - HLSOD + HLSOD - HLSOD + HLSOD
ewes (n) 14 15 23 22 14 15
Lambing (n) 9 11 6 7 6 8
Lambing (%) 64.2% 73.33% 26.1% 31.8% 53.33% 42.86%

RESULTS AND DISCUSSION The conception rates of cows after insemination with

The percentages of live untreated spermatozoa decreased
progressively after incubation. In medium with HLSOD,
positive  effects  of the antioxidant enzyme in maintaining
sperm cell viability were evident after 15, 180 and 300 min
(Tables 1 and 2). The results obtained for the bull and ram fresh
and frozen sperm showed the identical tendency. The
stimulation  effect  of the enzyme on sperm viability was
always significant.

The result obtained in present study demonstrated the
effect of SOD on prolonging in vitro viability of bull and ram
spermatozoa. The cytoplasm of somatic cells contains several
antioxidant enzyme systems, catalase, GSH and SOD. However,
sperm are devoid of most of this cytoplasm, so sperm cells have
little protection against ROS [15]. Some authors have suggested
that O  is membrane impairment and relative inert, however the2

possibility that O  may form cytotoxic complexes in the2

presence iron chelates cannot be excludent [16].

bimanual method without or with HLSOD are presented in
Table 3. In response of the presence of the antioxidant enzyme
(30 U mL  HLSOD), 8.53 and 8.01% increase in the fertility1

was evaluated at 1-th and 1+2-th insemination, respectively.
A similar effect of HLSOD on the fertility of sheep after

AI was observed. The results of three methods for insemination,
intrauterine with frozen/ thawed and with chilled stored semen
and cervical with chilled stored semen treated or not treated
with SOD are presented in Table 4. Cervical insemination with
chilled stored semen (3°C) resulted in an 8.1% increase in
fertility in presence of HLSOD compared to the control group.

After intrauterine and cervical insemination of frozen/
thawed ram semen, laparoscopic intrauterine insemination gave
higher conception rate than cervical once. Data analysis showed
that SOD increased fertility of the sheep. 

The main finding of our investigations is that HLSOD
supplemented to bull and ram sperm after freezing increased the
fertility of cows and sheep. The same trend was observed in the
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experiments with chilled-stored ram sperm (3-4°C). Thus, the 6. Alvares, J., L. Blasco, and B. Story, 1987. Spontaneous
exogenously added antioxidant enzyme is able to improve lipid peroxidation and production of hydrogen peroxide
percentages of fertilization, increasing the sperm viability. and superoxide in human spermatozoa: Superoxide

Only a few reports were found in the literature concerning dismutase as a major enzyme protectant againts oxygen
the application of SOD in AI [15]. Using in vitro fertility tests, toxity. J. Androl., 23: 338-348. 
Maxwell and Stojanov [16], showed that the presence of SOD 7. Griveau,  J.F.,  E.   Dumon,   P.   Renard,  J.P.  Callegari,
increased the fertility rate [17], have shown that the in vitro D. Le Lennau, 1995. Reactiove oxigen species, lipid
inhibition  of  SOD  by  diethyldithriocarbamate causes the peroxidation and enzimatic defence systems in human
rapid oxidation of seminal plasma sulfhydryls, suggesting a spermatozoa. J. Reproduction Fertility, 103: 17-26.
pivotal role for SOD in maintaining the antioxidant defense 8. Ammerman, C.B. and S.M. Miller, 1975. Selenium in
system and in protecting spermatozoa against oxidant-induced Rumination Nutrion: Review. J. Diary Sci., 58: 1561-1573.
injury. In fact, the addition of antioxidants to the culture 9. Beconi, M.T., C.R. Francia, N.G. Mora and M.A.
medium during the liquid storage of ram semen delayed Affranchino, 1993. Effect of natural antioxidants on frozen
membrane destabilization of spermatozoa [18]. bovine semen preservation. Theriogenology, 300: 535-545.

In conclusion, the present study demonstrates that the 10. Dalvis, G.C., P.D.Cetica, M.T. Beconi, 1998.  Effect of
addition of HLSOD to the diluted medium can definitely L-tocopheroland and ascorbic acid on bovine in vitro
enhance viability and fertility rates of frozen-thawed bull and fertilizatoin. Theriogenology, 49: 619-627.
ram spermatozoa. Furthermore, the antioxidant enzyme 11. Angelova, M., P. Dolashka-Angelova, E. Ivanova, J.
improves sperm motility and fertility of ram spermatozoa Serkedjieva, L. Slokoska, S. Pashova, R. Toshkova, S.
during liquid storage. Vassilev, I. Simeonov, H-J. Hartmann, S. Stoeva, U. Weser
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