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Abstract

To investigate the Effect of adding different concentrations of extract pentoxifylline as an
antioxidant on specific physical semen characteristics of German Shepherd dogs during various
steps of frozen semen processing, this study was carried out. A total (of 20) good Ejaculate
semen samples were collected in a plastic bag from German Shepherd dogs aged 3-4 years In
different locations (dog breeding).To achieve the current study's main objectives, two
experiments were designed through periods extended from the beginning of December 2021
until the end of May 2022. The investigations included studying the physical properties of
rawSemen (ejaculate volume, semen color, consistency, motility percentage, progressive
motility percentage, dead sperm percentage, sperm abnormalities percentage, and hypo-
osmotic swelling test (HOST). After that, semen samples were diluted with Tris supplemented
with antioxidants. The physical properties ofSemen were followed after cooling and after
freezing (post-thawing). In the first experiment, ten ejaculates were collected. Dilution ofSemen
was performed with Tris supplemented with two different concentrations of pentoxifylline,
T1(Tris + (1) mmol/ml. of pentoxifylline / 5 ml diluent). T2( Tris + 5 mmol/ml. of pentoxyfylline /
5 ml diluent).Diluted semen samples (C, T1, T2, and T3) were cooled slowly up to 5C and
equilibrated, packed into 0.5 ml straws, and put in vapor nitrogen (-196C) for 5-10 minutes after
that, stored for 48 and 72hr in liquid Nitrogen (-196C). Progressive motility percentage, dead
sperm percentage, sperm abnormalities percentage, and hypo-osmotic swelling test (HOST)
were evaluated after cooling and post-thawing (Submerging the straws in the water bath at 37C
for 30 seconds). Semen samples were cooled and frozen, and physical evaluation was performed
after cooling and freezing. The results of the first experiment proved for cooling and freezing,
the individual motility percentage of sperm was significantly (P<0.05) higher in T3, which was
quite different (P<0.05)from T2 and all the values were very (P<0.05) different from control T1.
Meanwhile, matters of dead sperms Percentage show the lowest in T1, which is significantly
(P<0.05) different from T2 after cooling, while after freezing, the lowest value in T1 and T3, and
the highest in T2 with significantly (P<0.05) other. Abnormal sperm percentage was most
deficient in T1 after cooling with significant (P<0.05) differences from T2 and T3. After freezing
lowest value in T1 and T3 with a significant (P<0.05) difference from T2. Hypo osmotic swelling
test (HOST) Percentage shows a considerable difference (P<0.05) Among the groups after
cooling at different hours (48, 72, 96, 120). Still, after freezing, the highest value was in T3, with
a significant difference from T2 and control T1. Regarding the Effect of cooling and freezing on
semen quality of German Shepherd dogsSemen, the results show the addition of green tea
extract act as a protective factor for sperm to withstand the detrimental Effect of cooling and
freezing in liquid Nitrogen by preventing the significant (P<0.05) decrease of sperm progressive
percentage and also prevent the substantial increase in dead, abnormal and defect Hypo
osmotic swelling test (HOST) percentage in after freezing compared with after cooling.
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Introduction

Preservation of spermatozoa is a critical tool to
preserve genetic diversity and assist in species
reproduction. The family Canidae has many
representatives that may benefit from using semen
preservation as a tool for helping conservation
(Goodrowe et al., 2000; Watson and Holt, 2001).

The interest in dog breeding has increased
considerably during the last decades. Dogs have a
higher demand for assisted reproduction (Pefia et al.,
2006). The growing number of artificial inseminations
performed on dogs calls for more research into
different techniques for storing canineSemen (Hori et
al., 2011). Next to insemination with fresh, chilled,
and frozen-thawed ejaculated sperm(Hori et al.,
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2003; Hori et al., 2004; Hori et al., 2011).

The request from dog-owners to store theSemen of
their valuable pet becomes problematic when a
collection of ejaculated sperm is no longer possible,
for example, because of the unexpected death of the
male dog (Wydooghe et al., 2016). In dogs, using
cryopreservedSemen  reduces  the  problems
concomitant  with  natural breeding, animal
transportation (Michael et al.,2007; Park et al., 2018),
and international trade (Esterhuizen et al.,2000).
However, the freezing process can exert specific
detrimental changes in the morphology of sperm,
resulting from thermal, mechanical, chemical,
osmotic, and oxidative damage (Park et al., 2017 ).
These changes cause lower post-thaw sperm
motility, decrease the integrity of the plasma and
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acrosomal membrane (Hewitt et al., 2001;), and
damage The factors responsible for reduced fertility
of post-thaw sperm include ice formation, high
osmotic pressure (Pena et al., 2012), reactive oxygen
species (ROS) generation (Park et al., 2017;Naresh et
al., 2015 and; Hong et al,2018), and apoptotic
pathway activation (Aitken and De luliis, 2010).
Dogs ejaculate in three fractions. The first fraction is
the pre-sperm fraction, which originates from the
prostate gland. Usually, it is clear or slightly cloudy,
and the volume ranges from 0.5 to 20 ml or more
(Freshman, 2001). The second fraction is called
sperm-rich, which is usually opaque, milky-white in
colour and ranges from 0.5 to 2.0 ml (Johnston et al.,
2001). The third or prostatic fraction usually is precise
and may consist of more volume, depending on how
long pressure is maintained proximal to the
bulbusglandis (Johnston et al., 2001).

Antioxidants prevent free radicals, or their reactive
Antioxidants can also reduce the impact of oxidative
stress during the sperm storage process and
generally improve the quality of liquid-stored boar
semen(Bansal, 2010).

Pentoxifylline (PTX) is a methylxanthine derivative
and phosphodiesterase (PDE) non-specific inhibitor.
(PTX) leads to increased intracellular concentrations
of cyclic adenosine monophosphate (cAMP) and
increases sperm motility and progressive motility.
PTX has been used as an additive toSemen, as
reported by Maxwell et al. (2002).

Materials

Solution Preparation

Preparation of Pentoxyfylline( PX).

This solution was prepared by dissolving 10 mg of PX
powder (Sanofi Aventis, Egypt ) in 10 ml of PBS
(0.1%) and stirring until  dissolved. These
concentrations were prepared daily under sterile
conditions using U/V light and Millipore filter
(0.45uM) P (AL-Dujaily et al.,2012).

Extender preparation

The stock solution consisted(The Tris extender
contained 3.028 g of Tris-hydroxymethyl-
aminomethane, 1. 78 g of monohydrated citric acid
and 1.25 g of fructose dissolved in 100 ml of distilled
water (Silva et al., 2000). pH 6.6. Then, 20% of the
solution was substituted by egg yolk, and soon after,
experimental treatments were established with the
three final concentrations of glycerol to be tested: 4,
6, and 8%. Lincomycin (300/600 ug/mL), Tylosin (100
pg/mL), Gentamicin (500 pg/mL)

Animal of study

Twenty German Shepherd dogs were selected with a
semen-freezing program for use in this study. Their
average age was 4.5 years. Determined by the breeding
record, Semen was collected from the dog by stimulating
the bulbous gland, the dog was stimulated by penis
massage, and the sperm-rich portion was contained in a
plastic bag intended for the semen collection procedure
Risopatron et al., (2000). The study extended from the
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beginning of December 2021 to the end of March 2022
Ejaculates

Ejaculate estimated (50% to 65% of Progressive motility
(%)were taken daily. A total of 20 ejaculates were
evaluated during the period of study. Semen samples
were collected in a plastic bag. After collection,
transferred the pieces immediately sent to the laboratory
located a few meters from the place of assembly and
kept in a water bath at (37-38 C°) to determine the
physical properties of semen samples, ejaculate volume,
semen color, and sperm concentration, Progressive
motility (%), Dead sperm and abnormal sperm
percentage and Hypo osmotic swelling test (HOST)in
the following procedures.

-physical properties

1- Ejaculate volume

From the graduated measuring plastic tube,
ejaculate volume  was  determined  after
collection(Freshman, 2001).

2-Semen color: i

t was described as pearly, white, bloody, and yellow
or green Johnston et al., 2001

3-Sperm concentration

sperm concentration of ejaculates was evaluated by

computer-assisted semen analysis (CASA)
((Baracaldo et al.,2007)

4- Motility assays

Motion parameters were determined using a

computer-assisted sperm analysis (CASA), previously
validated in our laboratory Gadea et al., 2005 The
studied CASA-derived motility characteristics were
the Percentage of motile spermatozoa (%motil),
Percentage of motile progressive spermatozoa
(%motil prog), curvilinear velocity (VCL, pm/s),
straight-line velocity (VSL, pm/s), average path
velocity (VAP, um/s), linearity of the curvilinear
trajectory (LIN, ratio of VSL/ VCL, %), straightness
(STR, Percentage of VSL/VAP, %), the amplitude of
lateral head displacement (ALH, pm) and wobble of
the curvilinear trajectory (WOB, ratio of VAP/VCL, %).
A 5pl drop of the sample, before (just ejaculated) and
after sperm treatment, was placed on a warmed (37
°C) Slide and covered with a cover slip. Which
spermatozoa had to be present to be counted.

5-Dead sperm percentage

it was determined according to (Bearden et al.,2004)
by placing 1-2 drops of the fresh semen sample and
1-2 drops of eosin-nigrosine (pre-warmed ) on a
clean Slide, then an edge of the second Slide applied
to mix the semen sample with stain and also used to
drag the mixture along the surface of clean Slide
after she smears was dried examination had been
done under a light microscope at (400X). Eosin is
used to stain the dead sperms, whereas nigrosine is
used to stain the background, so the dead sperms
take the red color while the live sperms don't. The
stain was prepared as the following
a- The active ingredient of the stain

400
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b- Eosin —y- 1.67gm

c- 2- 10 gm of nigrosine

d- 3- 2.9gm sodium citrate.

Dissolving in 100ml double distilled water followed
by mixing, boiling, and filtration.The eosin-nigrosine
stain was pre-warmed at 37 C° (water bath), and the
Microscope of the study had a heated stage

6-Sperm abnormalities percentage

The Slide used for counting at least 200 sperm to
determine dead sperm percentage is also used to
estimate abnormal sperm percentage. The study of
sperm abnormalities focused on identifying head,
mid-piece, and tail abnormalities under a light
Microscope (400X) (Bearden et al.,2004).

7- Plasma Membrane Integrity

An essential property of the sperm cell membrane is
its ability to permit the selective transport of
molecules. Hypo-osmotic swelling test (HOST) is
critical to analyzing the functional integrity of the
sperm membrane because these characteristics are
crucial for spermatozoa's viability and fertilizing
ability (Jeyendran et al., 1984). Hypo-osmotic
swelling test for sperm membrane integrity was
assessed using the hypo-osmotic swelling test
according to the methods described by Correa and
Zavos (1994). Hypo-osmotic solution (Sodium citrate-
0.735 g; Fructose- 1.351 g; Millipore water- 100 m|
and Osmolality- 150 mOsm kg-1) was mixed with 0.1
ml of Semen and incubated at 37°C for one hour.
Following incubation, a well-mixed solution was
placed on a clean, dry glass slide and covered with a
cover slip. Sperm tail curling was recorded as an
effect of swelling due to the influx of water. About
200 spermatozoa were counted in different fields
with 40x objectives under a Microscope. The total
proportion of swollen spermatozoa was calculated.
Experimental desig

Semen samples were collected weekly from german
Shepherd dogs with the aid of a plastic bag; the
samples were evaluated physically and then diluted
with Tris-citric egg yolk-glycerol) diluter. The same
diluent was supplemented with Pentoxyfylline( PX)
and green tea at two different concentrations and
stored in liquid Nitrogen at (-196 C°) during
December and January. Twenty ejaculates were
collected from study animals and prepared for
freezing in the following steps.

1- Evaluation: Ejaculate were evaluated physically

a- Ejaculated volume (ml)

b- Semen color and consistency

c- Sperms concentration X106/ml

d- Progressive motility percentage

e- Dead sperm percentage

f- Abnormal sperm percentage

g- Hypo-osmotic swelling test (HOST

percentage)

Dilution: Ejaculates were diluted by Tris diluent
according to sperm concentration, the ejaculates,
and the diluter in a water bath at 37 C°.

Addition of antioxidants: the diluted semen

401
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sample was allocated into three equal parts using a
plastic test tube.

T 1 control (Tris)

T1 Tris + (1) mmol/ml. of pentoxyfylline /5 ml
diluent.

T2 Tris + 5) mmol/ml. of pentoxyfylline / 5 ml
diluent.

OR

T1 control contains only (Tris-citric egg yolk-glycerol
(TCEG). The three test tubes were placed in a beaker
containing water at about (30-32 C°), and the cup
was kept at room temperature for 30 minutes.
Cooling 5 ° C:- All diluted Semen containing
different concentrations of antioxidants was
transferred into the cold beaker, allowed to reach the
stable degree 5°C in about 1-1.5 hours to control the
time of cooling diluted Semen in the cold cup, ice
cubes were added to the beaker when the
temperature of the water in the beaker reached 20°
C, so should be below 5° C in a controlled manner,
this can be done by the aid of sensitive thermometer
to determine the degree of the temperature).
Equilibration: Diluted Semen containing  different
concentrations of antioxidants at the temperature of 5° C
was performed for 4 hours at the same temperature (5 ° C).
Evaluation: Semen was evaluated physically for the
Percentage of motility, dead, abnormalities, and
Hypoosmotic swelling test (HOST percentage).
Packing: samples of the study were filled in straws (0.5
ml) and sealed at (5 C°) using a filling and sealing manual
machine placed in the cold cabinet ( Tris step was carried
out during the equilibration time). as fig.(3-3, A).
Freezing of straws: were kept horizontally, then placed
in a container containing liquid Nitrogen to be exposed
to liquid nitrogen vapor (2-3 cm) in the form for 5-10
minutes(Yu et al., 2002). as fig. (3-3, B), Then, on each
shelf, pick the straw, dip it into special cups containing
liquid Nitrogen, and pass them to a tub of liquid
Nitrogen as fig.(3-3, C).

Thawing of diluted Semen. After 48,72,96, and 120
hours of storage, thawing is carried out by placing the
straw into a water bath at 37°C for 30 seconds, as fig.(3-
3, D). Straws were cut to remove the straw vacuum, and
the first drop and the second one on the Slide to start
the diluted Semen were evaluated in the same
measured way diluted Semen and after the cooling
sample. (rota et al.2001 and cardoso et al. 2003).
Statistical Analysis:-Using the post hoc method from
the Statistical Application Program, ANOVA, was
subjected to data, version 22 (SPSS 22). Differences
between After dilution, cooling, and post-thawing in
Semen VCL (track velocity), VAP (path velocity), VSL
(straight line velocity), LIN (linearity), STR (straightness),
WOB (wobble), and ALH (amplitude of lateral head
displacement). Live Spermatozoa (%)and dead
spermatozoa, Total Sperm Abnormality (%), and Hypo
osmotic swelling test (HOST) examination within and
between groups were considered to be significant at
P<0.05, expressed as the mean + standard error (SE).

Results

Effect of different concentrations of pentoxifylline on
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Motility and plasma membrane intact cells (hypo-
osmotic swelling test) parameters measured by CASA
in ejaculated German Shepherd dog spermatozoa
during various steps of processing (after dilution, after
cooling, and post thawing) at 48 hr

The results of Concentration x1%/ml of ejaculated
German Shepherd dogs treated with different
concentrations of pentoxifylline (table:4-1) after dilution
was in T12211.77+0.29), T2(195.03+0.33), and
T3(199.97+0.33) respectively. The results proved the
highest value significant (p<0.05) was in T1(211.77+0.29)
and T3(199.97+0.33), and the lowest critical value
(p<0.05) was in T2(195.03+0.33). Values of
Concentration x1%/ml with different concentrations of
pentoxifylline after cooling and post-thawing were in T2
(184.02+0.19), T2(177.63+0.184), andT3 (188.95+0.30),
T3(183.69+0.33), respectively (table: 1). The result
showed that the highest value significant (p<0.05) was in
T3 (188.95+0.30 )and (183.69+0.33), and the lowest
effective (p<0.05) were in T2 (184.02+0.19) and
(177.63+0.184).

The results of the Progressive motility percentage of
ejaculated German Shepherd dogs treated with
different concentrations of pentoxifylline (table: 1)
after dilution were T1 (60.65+0.25%),
T2(53.44+0.21%), and T3(56.57+0.20%)respectively.
The results showed no significant changes in
T2(53.44+0.21%)and T3(56.57+0.20%). The result
indicates a decrease of Progressive motility
percentage after cooling and post-thawing with a
significant (P<0.05) decrease in the value in T2 only
compared with values of T1 and T3.

Values of sperms' Total motility percentage during
different steps of freezing (after dilution, cooling, and
post-thawing) are depicted in (table1).The results
after dilution are T1 (86.57+1.23 %) 12
(82.11+0.01% ) , and T3(83.82+1.03 %) respectively
.The values proved a non-significant (P<0.05) in the
Total motility percentage of german Shepherd
dogsSemen after dilution compared with the control
T2and T3 groups but with no significant rise in T2
groups after cooling and post-thawing. Values of
Total  motility  percentage  with  different
concentrations of pentoxifylline after cooling and
post-thawing were in T3 (79.05+0.75%) (75.85+1.09
%), respectively (table1). The results showed highest
significant  (p<0.05) value was after cooling
(79.05+0.75%), and the lowest significant (p<0.05)
was in T3post thawing (75.85+1.09 %).

Values of VAP with two concentrations of
pentoxifylline  after  dilution were in T2
(148.04+0.0052) and T3  (153.31+0.0065),
respectively (Table 1). The results showed the
highest significant (p<0.05) value was in T3
(153.31+0.0065), and the lowest powerful (p<0.05)
was in T2 (148.04+0.0052). Values of the current
study after cooling are T2(145.60+0.0075)andT3
(148.13+0.0047),( 129.24+0.0031), respectively. In
contrast, the cooling process has no significant
difference in T2 and T3 compared with post-thawing.
Results of the Effect of cooling and freezing steps within
each treatment are depicted in the (table1) The values
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proved a non -significant (P<0.05) of VSL of german
Shepherd dogsSemen after dilution and after cooling
in T2 compared with control. Meanwhile, the T3 group
showed no significant rise in T3 groups after cooling
and post-thawing. The values referred to a non-
significant (P<0.05) in VCL after dilution, after cooling,
and post-thawing in the T2 group. Meanwhile, in VCL,
after dilution and after cooling in T3 groups with no
significant increase in the T3 group.

After dilution, The results of the study regarding ALH
of ejaculated German Shepherd dogs treated with
different concentrations of pentoxifylline (table: 1)
after dilution was in T1(5.50+0.02 T2(4.63+0.02 ) and
T3(4.79+0.58)respectively. The results proved the
value non-significant (p<0.05) in T2 and T3. After
cooling and post-thawing, no significant increase
values (p<0.05) of ALH in T3(4.69+0.58) compared
with T2 (4.33+0.01), with the highest value significant
(p<0.05) was in T3 (4.34+0.55) compared with T2
(4.06+0.08). The importance of the current study
after dilution of LIN in ejaculated German Shepherd
dogs treated with two concentrations of
pentoxifylline indicated that the lowest significance
(p<0.05) was in T2 (0.86+0.0032)and the highest
value significant (p<0.05) were in T3 (0.90+0.0048).
While after cooling and post-thawing no
considerable rise in the T2 group.

Values of STR after dilution, cooling, and post-
thawing are depicted at 48 hr in table (1). Results
after cooling and post-thawing are ( 85.47+0 .40),
(83.53+0 .395), and (87.25+0.006),( 85.28+0.0057)
in T2 and T3 . the results proved no significant
difference at (P<0.05) in the values of STR between
T2and T3 groups. In contrast, values of STR post
thawing, the development of the current study
proved significantly at (P<0.05) lowest values
attained in T2 and the highest importance in T3
followed by T1. while WOB(um/s), after dilution and
After cooling the result of the current study proved
non-significantly at (P<0.05) in T2 and T3 and Highest
value of STR attained in T3 (0.71+£0.022) and lowest
values in T2 (0.67+0.021) at post thawing.

The results of sperm Total abnormality percentage
after cooling and post-thawing during treatment of
diluted semen with two concentrations of
pentoxifylline are shown in table (2). Values after
cooling were (11.40+0.14 %)and (9.87+0 .29%) in
control, T2, and T3, respectively. The lowest
Percentage of Total abnormal sperms after cooling
was observed in T3, which differed significantly at
(P<0.05) from T2 and control (T1). Meanwhile, post
thawing, the Total abnormality of sperm s
(13.06+0.19%) and (11.23+0.26%) in power, T2, and
T3, respectively. The result of the current study
proved significantly at (P<0.05), the lowest values
attained in T3and T1 the highest values in T2.
Percentages of plasma membrane intact cells (hypo-
osmotic swelling test ) for german Shepherd
dogsSemen treated with different concentrations of
pentoxifylline table (2) after dilution was in
T1(79.46+0.97%), T2(70.40+0.79 %) and
T3(74.01£1.47%) respectively. The results proved the
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highest  value significant  (p<0.05) was in
T1(79.46+0.97%) and T3(74.01+1.47%), and the lowest
significant value (p<0.05) was in T2(70.40+0.79 %).
Values of hypo-osmotic swelling  Percentages with
different concentrations of pentoxifylline after cooling
and post-thawing were in T2 (61.79+0.82,
58.60+£0.65%), T3 (66.64+0.92, 64.31+0.97%),
respectively (table1). The result showed that the
highest value significant (p<0.05) was in T3
(66.64+0.92, 64.31+0.97%), and the lowest effective
(p<0.05) were in T2 (61.79+0.82, 58.60+0.65%).

Results of the study related to dead sperms Percentage
through different phases of frozen semen processing are
presented in table (2). Values of the current study after
cooling and post-thawing are T2 (11.07+0.0054),(
14.82+0.0053)and T3 (10.37+0.0044),( 12.90+0.0069),
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respectively. Dead sperms were observed with no
significant rise in T2 and T3 groups.

Regarding the Effect of different steps of processing
(after dilution, after cooling, and post thawing) of
ejaculated German Shepherd dogs within each
treatment, the study indicated a gradually significant
decrease (p<0.05) in Concentration x106/ml,
Progressive motility (%), Total motility (%), VAP
(um/s), VSL(um/s), ALH(um/s), LIN(um/s), STR(um/s),
WOB(um/s) and HOS (%) in T2(1mM/ml)after
dilution, after cooling and post thawing in all
treatments, and the highest value significant
(p<0.05) was in VCL(um/s), Total abnormality(%) and
dead sperm after cooling and post thawing in T2
and lowest value (significant) were in cooling and
ost thawing in T3 table (1 and 2).

Gl T1- control Step of freezing T2(1mM/ml) Step of freezing T3(5mM/ml)
(Tris ) After dilution | After cooling | Post thawing | After dilution | After cooling | Post thawing
Concentratio| 211.77+0.29 | 195.03+0.33 | 184.02+0.19 |[177.63+0.184| 199.97+0.33 | 188.95+0.30 | 183.69+0.33
n x106/ml Aa Bb Cc Dd Ba Cb Cc
Progressive |y 450 95 Aa[53.44£0.21 Bb|49.09£0.21 Cc|45.06+0.24 Dc|56.57+0.20 Bb|52.18+0.30 Bb| +8:77%0:293
motility (%) Cc
TOta'([,Z)Ot"'ty 86.57+1.23 Aa|82.11=0.01 Aa|78.22+0.01 Bb|72.11+0.01 Bb|83.82+1.03 Aa|79.05+0.75 Bb|75.85+1.09 Cc
VAP (um/s) 157.61+0.007 [ 148.04+0.005 | 145.60+0.007 | 139.26+0.007 | 153.31+0.006 | 148.13+0.004 [ 142.33+0.008
8 Aa 2 Bb 5 Ba 0Cb 5 Aa 7 Ba 8 Ba
VSL(um/s) 149.41+0.001|127.48+0.001|124.44+0.002 [ 116.32+0.003|138.56=+0.002 | 129.24+0.003 | 121.38+0.002
4 Aa 5 Ba 8 Ba 9 Cb Bc 1Ca 9 Ca
VCL(m/s) 185.42+0.003 | 200.05+0.005 | 205.07+0.005 [ 207.84+0.004 | 194.06=0.004 | 194.91+0.002 | 200.46+0.012
6 Ba 6 Aa 4 Aa 8 Aa 1Bb 7 Bb Ab
ALH(um/s) | 5.50+0.02 Aa | 4.63+0.02 Ba | 4.33+0.01 Bb | 4.06+0.08 Cb | 4.79+0.58 Ba | 4.69+0.58 Ba | 4.34+0.55 Ca
LIN(um/s) 0.95+0.0045 | 0.86+0.0032 | 0.80+0.0034 | 0.78+0.0034 | 0.90+0.0048 | 0.86+0.0047 | 0.81+0.0039
Aa Bb Cb Cb Aa Ba Ca
STR(um/s) 94.80+0.016 | 86.11+0 .343 | 85.47+0 .40 | 83.53=x0.395 | 90.29+0.007 | 87.25=0.006 |85.28+0.0057
Aa Bb Ba Ba Aa Ba Ba
WOB(um/s) | 0.85+0.03 Aa |0.74=0.019 Bc CL1 iBOC'OZO’] 0.67+0.021 Cc|0.79+0.022 Bb|0.76+0.026 Bb|0.71+0.022 Cb

Different capital letters mean significant (p<0.05) other within a column.
Different small letters mean significant (p<0.05) other between columns.

Step of freezing T2(1mM/ml)

Step of freezing T3(5mM/ml)

: T1- control
Analysis (Tris) dﬁﬁ?‘;n After cooling|Post thawing|After dilution|After cooling|Post thawing
Dead sperms |7.66+0.00(8.66+0.007|11.07+0.005|14.82+0.005| 8.31+0.041 [10.37+0.004|12.90+0.006
(%) 58 Dc 1Ca 4 Ba 3 Aa a 4 Bb 9 Ab
Total 5.78+0 [9.59+0.24 [ 11.40+0.14 | 13.06+0.19 | 7.54+0 .170 | 9.87+0 .29 [11.23+0 .26
abnormality(%)| .244 Dc Ca Ba Aa Cb Bb Ab
HOS (%) 79.46+0.9(70.40+0.79| 61.79+0.82 | 58.60+0.65 |74.01+1.47A| 66.64+0.92 | 64.31+0.97
> 7 Aa Bc Cc Dc b Bb Cb

Different capital letters mean significant (p<0.05) other within a column.
Different small letters mean significant (p<0.05) other between columns.

Effect of different concentrations of pentoxifylline on
Motility and plasma membrane intact cells (hypo-
osmotic swelling test) parameters measured by
CASA in ejaculated German Shepherd dog
spermatozoa during further steps of processing (after
dilution, after cooling, and post thawing) at 72 hr

The results of Concentration x1%/ml of ejaculated
German Shepherd dogs treated with different
concentrations of pentoxifylline (table:-3) after
403

dilution was in T1(198.93+0.31), T2(189.92+0.29),
and T3(197.24+0. 19) respectively. The results
proved the highest value significant (p<0.05) was in
T1(198.93+0.31) and T3(197.24+0. 19), and the
lowest critical value (p<0.05) was in T2(189.92+0.29).
Values of Concentration x1%/ml| with different
concentrations of pentoxifylline after cooling and
post-thawing were in T2 (182.65+0.31), T3
(187.11+0.23), and T2(180.08+0.25),



HIV Nursing 2023; 23(2): 399-411

T3(184.56+0.35), respectively (table:4-2). The result
showed that the highest value significant (p<0.05)
was in T3 (187.11+0.23)and (184.56+0.35), and the
lowest effective (p<0.05) were in T2 (182.65+0.31)
and (180.08+0.25).

The results of the Progressive motility percentage of
ejaculated German Shepherd dogs treated with
different concentrations of pentoxifylline at 72 hr
(table:3) after dilution were T1 (58.53+0.20%),
T2(51.85+0.89%)and T3(55.52+0.24 %)respectively.
The results proved highest significant value (p<0.05)
was in T1 (5853+£0.20%), and the lowest
considerable value (p< 0.05) was in
T2(51.85+0.89%)in comparison with others. Values
of Progressive motility percentage with different
concentrations of pentoxifylline after cooling were in
T2 (47.66+0.27%) and T3 (51.83%x0.21%),
respectively (table:3). The results showed the highest
significance (p<0.05) value was in T3 (51.83+0.21%),
and the lowest powerful (p<0.05) was in T2
(47.66+0.27%) in comparison with others. After
freezing, values of Progressive motility percentage
are T2(42.81+0.23%) and T3 (46.58+0.21%),
respectively, Highest sperms Progressive motility
was observed in T1, which differed significantly
(P<0.05) from T2 and T3 and the lowest value was in
T2 after cooling and freezing with substantial
differences (P<0.05) from others.

Values of sperm's Total motility percentage during
different steps of freezing (after dilution, cooling, and
post-thawing) are depicted in (table:3). The results
after dilution are T2 (76.89+0.18% ) and
T3(79.49+0.15%), respectively. Highly sperms Total
motility percentage was attained in T3, which
differed significantly (P<0.05) from T2. Values of
Total  motility  percentage  with  different
concentrations of pentoxifylline after cooling were in
T2 (70.21+0.185%) and T3 (74.50+0.18%),
respectively (table:4). The results showed the highest
significance (p<0.05) value was in T3 (74.50+0.18%),
and the lowest powerful (p<0.05) was in T2
(70.21+0.185%). At post-thawing, values of Total
motility percentage are (66.30+0.204%) (and
69.29+0.21 %) in T2 and T3, respectively. The
highest sperms Total motility percentage was
observed in T3, which differed significantly (P<0.05)
from T2(66.30+0.204%), and the lowest value was in
T2 after cooling and freezing with significant
differences (P<0.05) from others.

Can be observed for VCL values after cooling and
post-thawing highest significant (p<0.05) value was
in T2(208.51+£0.0043) and (231.69+0.0047), which
differed significantly (P<0.05) from
T3(204.85+0.0039) and( 216.18+0.0031), which
proved an increase in VCL(um/s) after freezing
compared to after cooling in T2, while there was no
significant rise in the T3 compared to T1.

Values of VAP and VSL with different concentrations
of pentoxifylline after dilution were in T2
(144.64+0.0089),(  120.92+0.0030), and T3
(148.83+0.013),( 127.58+0.0016), respectively
(table:4-2). The results showed highest significant
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(p<0.05) value was in T3 (148.83+0.013),(
127.58+0.0016), and the lowest important (p<0.05)
was in T2 (144.64+0.0089),( 120.92+0.0030). Values
of the current study after cooling are
T2(137.85+0.0115), (111.64+0.0047) and
(141.11+£0.0067),(  116.85+0.0015), respectively.
Lowest VAP and VSL sperms were observed in T2,
which differed significantly at (P<0.05), in control with
significant differences (P<0.05) between T2 and T3.
Meanwhile, post thawing, the VAP and VSL sperms
are (122.53+0.0090), (102.57+0.0026)and
(127.85+0.011), (109.36+0.76) in control, T2, and T3,
respectively. The highest value of VAP and VSL
sperms was attained in T1, which differed
significantly at (P<0.05) in comparison with T2 and
T3 groups, and the lowest value in T2, which
significantly differed at (P<0.05) from T3.

WOB values in a table after dilution, cooling, and
post-thawing at 72 hr (3).Results after dilution are
(0.79+0.0045), (0.72+0.0025) and (0.74+0.0035)
inT1 , T2 and T3 respectively . after dilution, the
results proved a significant difference at (P<0.05) in
the values of STR between T2and T3 groups, lowest
values attained in T2 and the highest values in T3
followed by T1.while After cooling and post thawing,
the result of the current study proved significantly at
(P<0.05). The highest value of WOB was attained in
T3 (0.69+0.0081),( 0.59+0.0037), and the highest
values in T1 followed by T3, which differed
significantly (P<0.05) from T2. Regarding STR(um/s),
a result of the Effect of different steps of frozen
semen processing (after cooling and freezing) is
shown in table (2). The values referred to no
significant (P<0.05) increase in STR(um/s) after
dilution and after cooling between T2 and T3.

The results of the study regarding ALH of ejaculated
German Shepherd dogs treated with different
concentrations of pentoxifylline (table3), after
dilution and after cooling were in T2(5.23+0.37),(
4.39+0.55) and T3(5.44+0.01),( 4.64+0.01) .as can
no significant (p<0.05) between T3and T2.
Regarding LIN, the results indicate no significant
differences at (P<0.05) increase in the T1 and T2
groups.

The results of sperm Total abnormality percentage
after dilution, after cooling, and post-thawing during
treatment of diluted semen with two concentrations
of pentoxifylline are shown in( table:3). Values after
cooling were (16.12+0.23%)and (14.33+0.30%) in T2
and T3, respectively. The lowest Percentage of Total
abnormality sperms after cooling was observed,
which differed significantly at (P<0.05) from T2 and
control (T1). Meanwhile, post thawing, the Total
abnormal  sperm are (19.30+0.21%) and
(16.62+0.18 %) in T2 and T3, respectively. The result
of the current study proved significantly at (P<0.05),
the lowest values attained in T3 and T1 the highest
values in T2.

Hypo-osmotic swelling Percentage for german
Shepherd dogsSemen treated with different
concentrations of pentoxifylline (table:4-2) after
dilution was in T1(75.47+0.27%), T2(63.42+0.57%),
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and T3(66.21+0.19%)

respectively. The

results

proved the value non-significant (p<0.05) between
T2 and T3. Values of hypo-osmotic swelling

Percentages

with  diffe

rent

concentrations

of

pentoxifylline after cooling and post-thawing were in

T2

(53.78+0.29),(48.59+0.22%),

T3

(59.65+0.28,

53.96+0.28%), respectively (table:3). The result
showed that the highest value significant (p<0.05)
was in T3 (59.65%0.28),( 53.96+0.28%), and the

lowest

significant

(

<0.05)

were

T2

in
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(53.78+0.29),(48.59+0.22%).
The result of the study of dead sperm percentage
during different steps of frozen semen processing
are shown in table (4); after cooling, the values areT2

(13.66+0.0049)and T3

and freezi

ng (table 4).

(11.154+0.0097) in control,
respectively. The lowest Percentage of dead sperm
was recorded in T1 and T3, and all these values
differed significantly (P<0.05) from T2 after cooling

Arelels T1- control (Tris Step of freezing T2(TmM/ml) Step of freezing T3(5mM/ml)
) After dilution | After cooling | Post thawing | After dilution| After cooling |Post thawing
Concentratio| 198.93+0.31 | 189.92+0.29 | 182.65+0.31 | 180.08+0.25 |197.24+0. 19 187.11+0.23 Bb 184.56+0.35
n x10¢/ml Aa Bb Cc Cc Aa e Cb
Progressive 51.85+0.89 | 47.66+0.27 | 42.81+0.23 | 55.52+0.24 46.58+0.21
mo‘fmty ) [58-53+0.20 Aa B . De T 51.83+0.21 Cb o
Total motility| 83.02+0.22 Aa 76.89+0.18 | 70.21+0.185 [66.30+0.204D| 79.49+0.15 74.50+0.18 Cb 69.29+0.21
(%) T Bc Cc c Bb T Db
VAP (urm/s) 154.62+0.013 |144.64+0.008|137.85+0.011{122.53+0.009(148.83+0.013| 141.11+0.0067 |127.85+0.011
Aa 9 Bc 5Cc 0 Dc Bb Cb Dd
VSL (um/s) 137.86+0.0017(120.92+0.003(111.64+0.004{102.57+0.002(127.58+0.001| 116.85+0.0015| 109.36+0.76
8 Aa 0 Bc 7 Cc 6 Dc 6 Bb Cb Db
VCL (um/s) +0.32194.70 (203.13+0.006/208.51+0.004/231.69+0.004| 200.86 |+0.0039204.851|216.18+0.003
Cc 1Ba 3 Bc 7 Aa +0.0062 Bb 5 Ba 1 Ab
ALH (um/s) | 5.75+0.02 Aa |5.23+0.37 Aa|4.39+0.55 Bb|3.98+0.51 Cc|5.44+0.01 Aa| 4.64+0.01 Bb [4.04+0.02 Cb
LIN (urn/s) 0.89iAOa.0029 0.841LA(20031 0.81 iA(20028 0.7013(20031 0.86’_:AOa.0056 0.83+0.0031 Aa 0.78’_;3%0035
STR ik 89.16+0.0054 | 83.60+0.42 | 80.99+0.45 | 66.34+0.005 | 85.72+0.003 | 82.81+0.0016 |75.19+0.0016
Aa Aa Aa Bc Aa Aa Bb
WOB(um/s) 0.791;03.0045 0.7215050025 0.66i(§)t;0015 0.53%050016 0.74’;050035 0.69+0.0081 Bb 0.59’_2:050037

Different capital letters mean significant (p<0.05) other within a column.
Different small letters mean significant (p<0.05) other between columns

Analvsis T1- control Step of freezing T2(TmM/ml) Step of freezing T3(5mM/ml)
YS! (Tris ) After dilution | After cooling |Post thawing|After dilution| After cooling | Post thawing
Dead sperms |9.71+.00051(10.09+0.0038|13.66+0.0049|14.43+0.049|9.05+0.0050|11.154+0.0097 | 13.064+0.0030
(%) Db Ca Ba Aa Cb Bb Aa

Sperm 7.92+0.20 | 13.51+0.25 | 16.12+0.23 | 19.30+0.21 | 10.80+0.21

orermeling De Ca Ba Aa cb 14.33+0.30 Bb | 16.62+0.18 Ab
75.47+0.27 | 63.42+0.57 | 53.78+0.29 | 48.59+0.22 | 66.21+0.19

Q,
HOS (%) ~ = e De BL  |59-65£0.28 Cb|53.96+0.28 Db

Different capital letters mean significant (p<0.05) other within a column.

Different small letters mean significant (p<0.05) other between columns.

Figure (1): Sperms of german Shepherd dogs (control
group), stained with eosin-nigrosin (10x), after cooling.
(A=Alive Sperm with coiled tail, B= Alive sperm with
normal and C= Dead abnormal sperm with Bent tail
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Figure (2): Sperms of german Shepherd dogs (control
group), stained with eosin-nigrosin (10x), after cooling.
(A=Alive Sperm with coiled tail, B= Alive sperm with
normal and C= Dead abnormal sperm with Bent tail .
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Figure (3): Sperms of German Shepherd dogs stained
with eosin-nigrosin (10x), after thawing. (A= Alive
Sperm with Detached head, B= Dead abnormal sperm
with Bent tail and C,D= Alive sperm with normal).

Discussion

The Effect of different steps of processing (after
dilution, after cooling and post thawing) of
ejaculated german Shepherd dogs within each
treatment, the study in indicated gradually
significant decreased (p<0.05) in Concentration
x106/ml, Progressive motility (%), Total motility
(%), VAP (um/s), VSL(um/s), ALH(um/s), LIN(um/s),
STR(um/s), WOB({m/s) and HOS (%) in
T2(TmM/ml)after dilution, after cooling and post
thawing in all treatments, and the highest value
significant  (p<0.05) was in VCL(um/s),Total
abnormality(%) and dead sperm after cooling and
post thawing in T2 and lowest value (significant) was
in cooling and post thawing in T3 table (1),according
to Setyawan et al, 2015may include frozen-
thawedSemen is characterized by lower motility and
viability than freshly ejaculated Frozen-thawed
semen is characterized by a reduction of post-thaw
motility and longevity with respect to newly
ejaculated or chilledSemen; such a reduced post-
thaw longevity is considered one of the causes of the
poorer conception rates obtained with frozenSemen
than with fresh, chilledSemen, or with natural
mating. SpermSetyawan et al., 2015.

Additionally, Cryopreservation induces crystallization
and osmotic changes, which can cause cellular
damage. An intact plasma membrane is essential for
maintaining sperm cell integrity and the events
associated with oocyte fertilization. (Stanescu and
Birtoiu, 2011). However, most freezing-induced
injuries in spermatozoa affect the plasma membrane
(Bailey et al., 2000; Lucio et al., 2017). Despite the
advantages above of Cryopreservation, its process
may directly or indirectly affect severe and
irreversible damage to the spermatozoa for the
thermal shock (cold shock), formation n of
intracellular ice crystals, osmotic shock, the stress of
cryoprotectants and generator of reactive oxygen
species (ROS) ( Holt, 2000; Rhemrev et al., 2001;
Watson, 2000). Because the spermatozoa are highly
differentiated, are very structural, and are
functionally motile, these kinds of damage results in
the loss of viability, motility, and fertility of
spermatozoa (Stanescu and Birtoiu, 2012).

The concentration of spermatozoa in the semen is

Effect of different concentrations of pentoxifylline....

defined as the number of spermatozoa/mL and is
measured in sperm-rich fraction using the
hemocytometer counting chamber( Brito et al.,
2017; Hori et al., 2015)

In the sperm morphology (MOR) and viability (VIA)
analysis, the spermatozoa should be stained with
various staining methods such as Eosin-Nigrosin,
Bengal Rose, Victoria Blue B, and Williams. After
that, the total number of 100-500 stained
spermatozoa is smeared and is observed under a
light microscope at x 1000 magnification with
emersion oil to record the Percentage (%) of alive
spermatozoa, and defective spermatozoa in the
head, neck, midpiece, and tail; abnormal
spermatozoa can be recognized by a pear-shaped
head, narrow head, detached head, bent neck,
cytoplasmic droplet at midpiece, bent tail, coiled tail
and broken tail (Hori et al., 2004; Mota Filho et al.,
2014; Prapaiwan et al., 2016; Rhemrev et al,
2001; Varesi et al., 2014). In particular, further study
needs to secure more than 60% morphologically
normal spermatozoa population to prevent the
reduction of the fertility of canine spermatozoa
(Varesi et al., 2013)

The sperm motility (MOT) is conducted under a light
microscope, and warm plate at 37-38 °C with a scale
of 0-4 (0, absent; 1, weak; 2, definite; 3, sound; 4,
vigorous; a score of 3 or 4 indicates progressive
motility) or with the percentage (%) of progressively
motile (PMOT) sperm (+, active movements; *, slow
motion; -, motionless) (Hori et al.,, 2015) It was
suggested that 30-50% was acceptable in the
cryopreserved canine semen (Umamageswari et al.,
2012).

The development of computer-assisted sperm
analysis (CASA) has been very useful for evaluating
the parameter of spermatozoa movement including
total motility (%), progressive motility (%), mean
velocity (VAP, pm/s; the mean trajectory of the
spermatozoa per unit of time), linear velocity (VSL,
pm/s; the straight course of the spermatozoa per unit
of time), curvilinear velocity (VCL, um/s; the
instantaneously recorded sequential progression
along the whole trajectory of the spermatozoon per
unit of time), amplitude of lateral head displacement
(ALH, pm; mean width of sperm head oscillation),
beat cross frequency or frequency of head
displacement (BCF, Hz; the number of lateral
oscillatory movements of the sperm head around the
mean trajectory), mean coefficient (straightness, STR,
%; (VSL/VAP) x 100) and linear coefficient (linearity,
LIN, %; (VSL/VCL) x 100), wobble coefficient (WOB,
%; the oscillation of the curvilinear trajectory upon
the mean course; (VAP/VCL) x 100), distance curved
line (DCL, mm; the actual distance that the sperm cell
moved during the analysis period), distance straight
line (DSL, mm; the distance from the point in which
the cell was first found to the last location in a straight
line), distance average path (DAP, mm; the measured
distance using a smooth line as a reference), and
average orientation change (AOC, degrees; the
average number of degrees that the head of the
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sperm moved from left to right during the analysis)
(Martins et al., 2009; Martins et al., 2012; Rhemrev et
al., 2001). Of particular, some of the parameters
above can be applied to determine the fertilization
ability of spermatozoa; high values of VAP, VSL, and
VCL of spermatozoa were correlated with their
capability for oocyte fertilization; in addition, VCL
and ALH, inversely proportional to LIN, indicated the
hyperactivation of spermatozoa, implying successful
penetration to the zona pellucida of oocytes
(Schafer-Some and Aurich, 2007;Silva et al.,
2006; Verstegen et al., 2002).

Sperm motility can decrease due to changes in
plasma membrane permeability in the tail region of
spermatozoa and the formation of ice crystals in
mitochondria and axonemes during
Cryopreservation (Rasul et al., 2001; Yu et al., 2002;
Prapaiwan et al., 2016). spermatozoa are accurately
and rapidly assessed using computer-assisted sperm
analysis systems (CASA). These systems can detect
even minor changes in sperm motility and are handy
tools for improving the quality of cryopreserved
canine semen (Rijsselaere et al., 2012). In addition, it
is possible to visualize the trajectory of movement of
individual ~ spermatozoa, enabling a detailed
description of parameters related to motility and
type of movement (Antonczyk et al, 2010).
Furthermore,  sperm  fertilization ~ potential
maintenance also depends on spermatozoa's plasma
membrane integrity and mitochondrial membrane
potential (Fraser et al.,, 2002; Dziekonska et al.,
2009). Various substances have been used to
improve the quality of cryopreserved semen.

The most popular motility stimulants include
methylxanthines such as caffeine (CAF) and
pentoxifylline (PTX) which are competitive and non-
selective  inhibitors  of  cyclic  adenosine
monophosphate (cAMP) phosphodiesterase that
increase intracellular cAMP concentration and
enhance tyrosine phosphorylation in the sperm tail
region (Yunes et al., 2005; Esteves et al., 2007; Brie
etal., 2016).

PTX inhibits tumor necrosis factor-alpha, which is
responsible  for  DNA  fragmentation  and
programmed cell death. It also reduces superoxide
anions and lipid peroxidation associated with sperm
membrane damage (Peeker et al., 1997; Mundle et
al., 1999; Zhang et al., 2005).2'-deoxyadenosine
(DX), an adenosine analog with a modified ribose
ring, delivers similar effects. 2'-deoxyadenosine
stimulates motility via a different molecular
mechanism which probably involves the activation of
A2-receptor-mediated adenylate cyclase, which
increases the intracellular concentration of cAMP
(Milani et al., 2010)

lbrahim et al. (2015) reported that 5.0 mM PTX
protects normal sperm during Cryopreservation. PTX
inhibits cAMP phosphodiesterases, thus increasing
the intracellular concentration. A rise in cAMP
concentration causes an increase in the cAMP-
dependent processes of spermatozoa, such as
motility, capacitation, and acrosome reaction.
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Leite et al. 2010showed that PTX can also increase
sperm motility by inhibiting phosphodiesterase
enzyme activity by increasing the intracellular
concentration of cAmp, glycolysis, and energy
production. It is possible to summarize three main
mechanisms of action for PTX: (i) inhibition of
phosphodiesterase, (i) calcium efflux, and (iii)
antagonism of the adenosine receptor (Leite et al.,
2010).

Motility stimulants such as pentoxifylline are already
known to enhance the motility of ejaculated sperm
by inhibiting phosphodiesterase activity, thus
enhancing cAMP at the level of the sperm tail. 2'-
Deoxiadenosine, an analog of adenosine, has a
similar effect. In the dog species, pentoxifylline has
been proven to impact the progressive motility of
freshmen significantly. In frozen-thawedSemen, its
addition at the moment of thawing is helpful (Milani
etal., 2010). Various extenders and cryopreservation
protocols have been developed over the years, but
the whelping rates of frozen dog semen are still
unsatisfactory in comparison with freshmen (Uchoa
et al., 2012; Rodenas et al., 2014; Johnson et al.,
2014). In dogs, the success of Al with cryopreserved
semen is considerably limited due to problems
associated with insemination timing (Alhaider and
Watson, 2009). The selection of the appropriate
extender, the freezing process, and the thawing
protocol are critical for the success of Al and the
quality of cryopreserved canine sperm (Silva et al.,
2006; Karger et al., 2017). Furthermore, the success
of Al with fresh or cryopreserved canine spermatozoa
depends on the Al technique, accuracy of ovulation
detection, the time for Al, and the number and
concentration of spermatozoa(Eilts, 2005).

The hyperosmotic swelling test (HOST) is applied to
evaluate the  membrane  functionality  of
spermatozoa. The sets of serial concentrations of
distilled water are exposed to spermatozoa. After
that, spermatozoa (%) with a functional membrane
are counted when the sperm has a curled tail( Mota
Filho et al., 2014).
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