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Abstract: Problem statement: Two experiments were conducted to determine the effect of the 
prostatic fluid from the first and third fractions of the ejaculates on the freezability of poodle dog 
sperm. Approach: The ejaculates from 2 trained poodle dogs were collected. Effect of prostatic fluid 
from the first and third fractions of ejaculates on cryosurvival of dog sperm was examined. SDS-PAGE 
analyses were performed to verify whether there were any modifications in the protein patterns of the 
first and third fractions. Results: When second fractions of Dog A sperm were combined with the 
prostatic fluid from the first and third fractions of the ejaculates, sperm motility index was decreased 
compared to second fractions were collected alone. The post-thaw motility of Dog A sperm was 
significantly reduced when prostatic fluid from the first and third fractions of the ejaculates was added. 
The motility of frozen-thawed Dog B sperm did not appear to be altered when it was diluted with 
either of the prostatic fluids. The major bands present in both prostatic fluids corresponded to proteins 
with molecular masses of 30 and 75 kDa. The amount of proteins in the prostatic fluid from the third 
fraction was twice-three times as much protein present compared to the first fraction. Conclusion: 
Collection of the sperm-rich fraction along with either the prostatic fluid from the 1st and 3rd fractions 
of the ejaculates during sperm processing has varying detrimental effects on the motility characteristics 
of frozen-thawed sperm. 
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INTRODUCTION 

 
 Seminal plasma, a physiological secretion from 
multiple glands of the male reproductive tract, has a 
variety of biochemical components including the 
prostasome[1-3] and phospholipid-binding proteins[4,5]. It 
is relatively specific in regulating sperm function and 
sperm metabolism, survival and transport through the 
female genital tract as well as in determining the 
acrosome reaction, egg fertilization and sperm 
freezability[6-8]. The prostate is the only accessory sex 
gland in the dog. The canine ejaculate consists of three 
fractions. The first (pre-sperm) fraction has a small 
volume, contains few to no sperm and originates 
primarily from prostate gland secretions. The second 
(sperm-rich) fraction is mainly of epididymal origin and 

contains little prostatic fluid. The third (post-sperm) 
fraction contributes the largest volume to the seminal 
plasma during ejaculation and is predominately made 
up of prostatic fluid[9,10]. 
 Many studies have reported that seminal plasma 
contains factors that may influence sperm 
characteristics. Rota et al.[11] noted that the 
supplementation of seminal plasma into the extender 
had a detrimental effect on the canine sperm viability at 
a low temperature. Sirivaidyapong et al.[12] showed that 
when the sperm-rich fraction was centrifuged, 
resuspended in prostatic fluid and further diluted with 
an extender, the addition of prostatic fluid appeared to 
negatively alter the motility after thawing of the 
cryopreserved dog sperm. Epididymal sperm from bull, 
rabbit and ram was incubated in homologous seminal 
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plasma in an extender and the effect on sperm viability 
was examined[13]. The researchers concluded that 
seminal plasma is deleterious to epididymal sperm 
survival in several species. Conversely, Hori et al.[14] 
attempted to freeze-thaw dog epididymal sperm in 
order to study the effect of the absence or presence of 
prostatic fluid during freezing on the conception rate of 
artificial insemination. They reported that sensitization 
of epididymal sperm with the prostatic fluid before 
freezing had a beneficial effect on the freezability and 
fertility of frozen-thawed epididymal sperm. 
Furthermore, seminal plasma has been reported to 
increase the resistance of bull, ram and boar sperm to 
cold shock[15-18] and to exert a protective effect on the 
viability of human sperm cryopreservation[19]. 
 Manjunath and Sairam[4] characterized the 
phospholipid-binding proteins designated as Bovine 
Seminal Plasma (BSP) proteins, i.e., BSP-A1, BSP-A2, 
BSP-A3 and BSP-30 kDa. These proteins are secreted 
from the seminal vesicles and are collectively called 
BSP proteins; they constitute the major protein fraction 
in the BSP. These BSP proteins bind to choline 
phospholipids present on the sperm surface at 
ejaculation and specifically bind to 
phosphatidylcholine, phosphatidylcholine plasmalogen 
and sphingomyelin[20]. Other studies reported that these 
proteins bound to high-density lipoprotein, heparin and 
a glycosaminoglycan[21]. The BSP proteins and heparin 
stimulated cholesterol and phospholipid efflux from the 
sperm membrane and lipid efflux from sperm was 
found to be dependent on the BSP protein 
concentration[22]. The loss of membrane cholesterol is 
an important step in sperm capacitation[23]. These 
studies clearly indicate that BSP proteins play a role in 
sperm capacitation. Recently, BSP family proteins were 
reported to occur ubiquitously in goat seminal plasma 
(GSP-14, GSP-15, GSP-20 and GSP-22 kDa)[24]. 
Homologous proteins have been purified from stallion 
seminal plasma (HSP-1 and 2)[25] and boar seminal 
plasma (posttranslational modifications of boar 
glycoprotein pB1)[26]. They have also been detected in 
low concentrations in other mammalian seminal 
plasma. Boisvert et al.[27] also isolated and 
characterized homologous proteins from bison seminal 
vesicle secretion (BiSV-16, BiSV-17, BiSV-18 and 
BiSV-28 kDa). Furthermore, De Souza et al.[28] 
identified these heparin-binding proteins, particularly 
the 61.5 kDa protein, in the prostate secretions of 3 
crossbred dogs and investigated whether these proteins 
were involved in the acrosome reaction of sperm. 
Cross[2] reported that prostasomes that are expelled 

from the prostate gland at ejaculation contain large 
amounts of cholestero and the fusion between 
prostasomes and sperm enriches the sperm membrane 
in cholesterol, thereby delaying the acrosome reaction 
and decreasing membrane fluidity[1,3,29]. 
 Thus, these contradictory results indicate that the 
first and third secretions from the prostate gland of the 
dog might result in a complex mixture containing a 
wide variety of components that affect the 
physiological functions of sperm. In other words, the 
freezability and fertility of sperm are dramatically 
altered by contact with fluids from these glands at 
ejaculation in vitro. Yamashiro et al.[30] examined the 
significance of reducing the contact between seminal 
plasma and goat sperm at ejaculation. They suggested 
that the in vitro functional characteristics of the sperm 
were abruptly modified by flash sperm contact with 
accessory sex gland fluid at ejaculation. Further, 
comprehensive analysis of the protein constituents of 
the first and third prostatic fluid fractions from dog has 
not been reported. This study was designed to: (1) 
Investigate the spermatozoal effects of prostatic fluid 
from the first and third fractions following 
cryopreservation in two poodle dogs; and (2) Compare 
the protein composition of both prostatic fluids using 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE).  
 

MATERIALS AND MATHODS 
 
Sperm and prostatic fluid collection: The semen from 
2  trained  poodle  dogs  (Dog  A:  7  years old, Dog B: 
4 years old) was collected by digital stimulation in the 
absence of a tester female at almost weekly intervals. 
Total 9 collections from each dog were used for 
analyses in this experiment. The collection protocols 
consisted of : (1) Only sperm-rich fraction (first and 
third fraction were also collected separately for protein 
analysis); (2) sperm-rich fraction collected together 
with the first fraction and (3) Sperm-rich fraction 
collected together with the third fraction, or 3 replicated 
each treatment, respectively. Both prostatic fluid 
fractions that were collected separately for protein 
analysis was stored-80°C until further analysis of 
prostatic fluid proteins. 
 
Freezing extender: The basic semen extender was 
modified as described by Yamashiro et al.[31] and 
consisted of a Tris(hydroxymethyl-aminomethane)-
Citric acid-Glucose (TCG) solution containing 375 mM 
Tris (Sigma, St. Louis, MO, USA), 124 mM citric acid 
(Wako Pure Chemical Industries, Ltd., Osaka, Japan) 
and 41 mM glucose (Wako). This solution was adjusted 
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to  pH 7.3  (with 375 mM Tris) and an osmolarity of 
350 mOsm. 
 Raffinose (Sigma) was added at a concentration of 
0.05 M in the TCG solution (385 mOsm at pH 7.3) by a 
procedure that was modified from Yamashiro et al.[32]. 

The osmotic pressure of this extender was 385 mOsm at 
pH 7.3. Sodium dodecyl sulfate (0.04%; SDS, Sigma) 
(w/v) was then added to the solution, followed by 20% 
(v/v) egg yolk and the extender was stirred for 30 min. 
The solutions were then centrifuged twice at 6000 rpm 
for 30 min. The supernatants were filtered through a 
0.45-�m membrane filter (Sartorius, Germany). Finally, 
Bovine Serum Albumin (BSA) (1% w/v) (Sigma) was 
added, thereby completing the raffinose-TCG egg yolk 
extender solution. 
 
Semen evaluation: Immediately after each time a 
collection, the volume and sperm concentration of the 
sperm-rich fraction (Dog A: 0.6 mL, 66.8×106 sperm 
mL−1; Dog B: 0.15 mL, 66.2×106 sperm mL−1), sperm-
rich fraction collected together with the first fraction 
(Dog A: 1.1 mL, 45.6×106 sperm mL−1; Dog B: 0.2 mL, 
58.4×106 sperm mL−1), or sperm-rich fraction collected 
together with the third fraction (Dog A: 1.5 mL, 
27.5×106   sperm mL−1;   Dog    B:    0.9    mL, 
41.0×106 sperm mL−1) was measured. The percentages 
of motile sperm and forward progressive motility were 
evaluated subjectively by one observer. The Sperm 
Motility Index (SMI = % motile sperm+(% forward 
progressive motility×20)/2) was calculated according to 
the method described by Comizzoli et al.[33].  
 After collection, aliquots of sperm were assessed 
for viability by using SYBR-14 and propidium iodide 
(PI) (LIVE/DEAD Sperm Viability Kit, Molecular 
Probes, Eugene, Oregon), as described by[34]. Briefly, 
semen was diluted in HEPES-buffered saline containing 
0.1% BSA (HEPES-0.1% BSA). The HEPES-0.1% 
BSA solution, which contained 0.760 g NaCl (Wako), 
0.030 g KCl (Wako), 0.252 g fructose (Wako), 0.238 g 
HEPES (Wako), 0.015 g CaC12 (Wako), 0.010 g 
MgC12 (Wako) and 0.10 g BSA 100 mL−1, was titrated 
to pH 7.3 with NaOH before use and the concentration 
of the semen samples was adjusted to approximately 
20×106 sperm mL−1. Three microliters of SYBR-14 was 
added to 1 mL of diluted semen, resulting in a final 
SYBR-14 concentration of 100 nM. PI was added to the 
1 mL samples of diluted semen, resulting in a final PI 
concentration of 12 �M. The sample was incubated for 
10 min at 37°C. SYBR-14 stains only living sperm and 
results in bright green fluorescence of the acrosome 
upon excitation at 488 nm. This stain was used to 
estimate the proportion of living sperm in dog sperm. It 

was used in combination with PI, which is used to 
assess  dead  sperm  and  stains  bright  red. Aliquots 
(10 �L) of semen samples were smeared onto a 
microscopic slide. The proportion of SYBR-14 and PI-
stained sperm in each sample was then counted in more 
than 200 sperm and the result was expressed as the 
percentage of viability. 
 The acrosome status of fresh and frozen-thawed 
sperm was assessed by staining with FITC-PNA 
(Sigma) using a modification of the method described 
by[30]. The percentage of intact acrosome was calculated 
after collection and freeze-thaw of 200 sperm that were 
randomly selected on each slide. The acrosome was 
considered to be intact when the stain was clearly and 
evenly distributed over the sperm, anterior to the 
equatorial segment. 
 The frozen-thawed sperm motility and velocity 
characteristics were assessed using a sperm motility 
analysis system (SMAS, Version 1.0; Kashimura, 
Tokyo, Japan); this was modified as described by 
Komori et al.[35]. At least 100 sperm and three fields 
were assessed by SMAS for each treatment group. 
Parameters assessed in this study were: motility (%), 
straight line velocity (VSL; �m sec−1), curvilinear 
velocity (VCL; �m sec−1), amplitude of lateral head 
displacement (ALH; �m) and beat cross frequency 
(BCF; Hz). The SMAS motility parameters used were 
those recommended by the manufacturer for sperm. 
 
Freezing and thawing procedure: The freezing 
protocol was performed by two-step dilution according 
to the method described by Yamashiro et al.[36]. 

Immediately after collection, the semen was diluted 1:2 
with the raffinose TCG-egg yolk extender solution at 
30°C. The tubes containing ejaculates were kept at 
30°C and transferred to the laboratory within 30 min 
(time elapsed before cooling). Semen samples were 
cooled to 5°C for 90 min. These were then further 
diluted with an equal volume of raffinose with TCG-
egg yolk extender containing 8% glycerol (Wako). The 
diluted semen was then equilibrated at 5°C for 90 min 
before freezing. Aliquots of 0.5 mL of sperm 
suspension were placed in straws and the ends were 
then sealed. The straws were then placed in liquid 
nitrogen vapor for 10 min then directly plunged into 
liquid nitrogen. Frozen sperm were thawed by holding 
the straws for 10 s in a water bath at 37°C. They were 
then diluted 1:1 with the TCG solution and allowed to 
equilibrate in an incubator at 37°C for 5 min prior to 
post-thaw analysis. Post-thaw motility parameters were 
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evaluated by using SMAS and the acrosome integrity of 
frozen-thawed sperm was also assessed. 
 
SDS-PAGE: SDS-PAGE was performed in 15% 
polyacrylamide  gels  according  to the method of 
Yokoo et al.[37] using a gel electrophoresis apparatus 
(Atto, Tokyo, Japan). The three prostatic fluids from the 
first and third fractions of the ejaculates-samples were 
centrifuged twice at 12000 rpm for 5 min to remove the 
sperm before analysis. Protein concentrations were 
measured at OD 280 nm using Nanodrop ND-1000 
(Nanodrop Technologies, Wilmington, DE). Samples 
containing 30 �g of proteins were diluted 1:1 (v/v) with 
the sample buffer (40 mL glycerol, 4.3 g SDS, 10 mL 2-
mercaptoethanol (Wako) and Tris-HCl (pH 6.8); and 
made up to a volume of 100 mL using D-H2O). These 
were then heated for 5 min at 95°C. Electrophoresis 
was performed for 2 h at 18 mA. Gels were stained with 
0.025% Coomassie Brilliant Blue R250 (Fluka, 
Gillingham, Dorset, UK). 
 
Statistical analysis: The data were analyzed by 
repeated-measures ANOVA using the Statview 
program (Abacus Concepts, Berkeley, CA). Differences 
between individual groups were examined with the 
Fisher Probable Least-Square Difference (PLSD) test 
and three separate ejaculates were repeated 3 times on 
independent samples. All data are expressed as 
mean±SEM. Probability values of p<0.05 were 
considered to be significant. 
 

RESULTS 
 
Experiment 1: Effect of prostatic fluid from the 
first and third fractions on the cryosurvival of dog 
sperm: The effects of prostatic fluid from the first and 
third fractions of canine ejaculates on sperm 
characteristics are shown in Table 1. When second and 
third fractions were combined, the viability of Dog A 

sperm decreased significantly (p<0.05) when 
compared to second fraction alone or when second 
fraction was combined with prostatic fluid from the 
first fraction (Table 1). However, in the case of Dog B. 
sperm that had been collected in the presence of 
prostatic fluids at ejaculation, there was no significant 
difference in the SMI, viability and proportion of 
acrosome intact sperm. 
 The post-thaw sperm motility of the sperm-rich 
fraction from Dog A that did not contain any prostatic 
fluid fraction was significantly higher (p<0.05) than 
that of the sperm that were frozen with the first or third 
prostatic fluid fraction. No other differences were found 
with addition of prostatic fluid. When the sperm from 
Dog B were frozen, motility did not differ among the 
tested treatments. However, the post thaw VSL, VCL 
and ALD of sperm from Dog B that were collected with 
prostatic fluid tended to be higher than those of sperm 
collected with the first or third fraction of ejaculates. 
The proportion of Dog B sperm with an intact acrosome 
did not differ between the collection and freeze-thaw 
methods. 
 
Experiment 2: SDS-PAGE patterns in prostatic fluid 
from the first and third fractions: SDS-PAGE 
analyses were performed to verify whether any 
modifications appeared in the protein patterns of the 
first and third fractions (Fig. 1). The total amounts of 
proteins present in the third prostatic fluid were 
11.0±1.9 and 10.4±2.4 �g mL−1 in Dogs A and B, 
respectively. In the first prostatic fluid, these values 
were 22.4±7.2 and 30.6±9.7 �g mL−1, respectively. 
Electrophoresis analysis results indicated the presence 
of 2 main bands in both the prostatic fluid from the first 
and third fractions of the ejaculates. These bands 
corresponded  to  proteins  of  molecular mass 30 and 
75 kDa. However, the amount of 30 kDa protein was 
appeared higher in the third fraction of prostatic fluid 
than in the first fraction.  

 
 
Table 1: Effect of prostatic fluid on pre-freezing and post-thawing sperm characteristics 
     Sperm characteristics 
  ----------------------------------------------------------------------------------------------------------------------------------------------------- 
  After collection     Post-thawing 
  -------------------------------------------------------------- ----------------------------------------------------------------------------------- 
      Straight  Amplitude of 
  Sperm  Acrosome  line Curvilinear lateral head Beat cross  Acrosome 
 Treatment motility Viability integrity Motility velocity velocity displacement frequency Integrity 
Dog (Fraction) index (%)1 (%)  (%) (%) (�m sec−1) (�m sec−1) (�m) (Hz) (%) 

Dog A Sperm-rich 82.5±3.8 89.1±2.1a 86.3±3.6 70.1±3.4a 19.9±1.1 71.1±5.9 1.9±0.08ab 16.6±0.4 70.3±3.0 
 First+Sperm-rich 64.5±13.1 83.9±0.6a 78.1±2.8 58.0±4.2a 20.5±1.2 70.5±1.4 1.8±0.05a 16.2±0.3 73.4±3.1 
 Sperm-rich+Third 64.5±7.3 79.5±1.7b 81.1±3.0 39.8±8.2b 18.3±3.5 76.8±3.4 2.1±0.1b 19.2±1.9 69.9±2.5 
Dog B Sperm-rich 67.9±14.7 78.8±1.8 78.3±3.8 53.5±13.7 22.6±5.8 90.5±10.8 2.5±0.02a 18.4±1.2 71.9±3.2 
 First+ Sperm-rich 58.7±8.7 75.1±3.5 73.6±2.7 60.7±6.3 15.5±2.0 72.7±3.7 2.1±0.1a 20.2±1.3 71.6±3.2 
 Sperm-rich+Third 69.1±6.8 75.5±0.8 73.5±2.9 50.8±7.5 17.6±1.0 70.4±1.2 1.8±0.03b 17.4±0.3 67.9±2.6 
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 (a) (b) 
 
Fig. 1: Coomassie blue-stained proteins bands from the 

first and third prostatic fluid fractions of a 
poodle dog separated by SDS-PAGE. (a): Dog 
A prostatic fluid and (b): Dog B prostatic fluid. 
Each lane of the 15% polyacrylamide gel was 
loaded with 30 �g of protein. (Lane 1): 
Molecular weight markers; (Lane 2): First 
fraction of poodle dog prostatic fluid proteins 
(Lane 3): Third fraction of poodle dog prostatic 
fluid proteins. The letters a and b indicate 
poodle dog prostatic fluid proteins of molecular 
masses 30 and 75 kDa, respectively 

 
DISCUSSION 

 
 The physiologic function of mammalian seminal 
plasma has been investigated in vivo and in vitro by 
several researchers. In vitro functional characteristics of 
goat sperm are abruptly modified by flash contact with 
accessory gland fluid at ejaculation[30]. Prostasomes are 
membranous vesicles secreted by the prostate gland that 
are surrounded by a bilaminar or multilaminar 
lipoprotein and contain large amounts of cholesterol, 
sphingomyelin, calcium and different enzymes[3]. The 
fusion of prostatomes to sperm enriches the sperm 
membrane with cholesterol and sphingomyelin and 
results in bursts of intracytoplasmic sperm calcium at 
the moment of ejaculation[1]. Carlini and colleagues[29] 
measured the fluidity of the sperm membrane pre-and 
post-prostatome fusion and reported that enrichment of 
cholesterol in the sperm membrane reduces membrane 
fluidity, thereby delaying the acrosome reaction. 
 Dog ejaculates consist of 3 fractions. The first and 
third fractions originate predominately from the 
prostate gland and contain few to no sperm[9,10,38]. Yu 
and Coworkers[38] reported significant differences in the 
physiologic characteristics of epididymal and ejaculated 

sperm, especially in terms of sensitivity to cold. The 
current study investigated the effect of prostatic fluid on 
poodle dog sperm following cryopreservation. In Dog 
A, the post-thaw sperm motility was significantly 
reduced when prostatic fluid was added. Conversely, 
the percentage of motile sperm after freezing and 
thawing was not noticeably affected with the addition 
of prostatic fluid in Dog B. However, VSL, VCL and 
ADL characteristics tended to be higher in the absence 
of prostatic fluid. These results indicate that the in vitro 
effects of prostatic fluid from the first and third 
fractions of the ejaculates vary depending upon 
individual dog.  
 Manjunath and Sairam[4] reported the detrimental 
effects of seminal plasma on bovine sperm membrane 
integrity in vitro and identified four inhibitory protein 
factors secreted from the seminal vesicles in bulls 
(Bovine Seminal Plasma (BSP)-A1, BSP-A2, BSP-A3 
and BSP-30 kDa). These proteins also bind to the sperm 
surface at ejaculation via interactions with choline 
phospholipids present in the sperm membrane. These 
proteins appear to participate in the bovine sperm 
membrane lipid modifications that occur during 
Capacitation[39]. De Souza and coworkers[28] reported 
that the proteins resembling BSP were found in 
crossbred dog seminal plasma (58.6, 67 and 61.5 kDa). 
However, these investigators did not show whether 
these proteins were present in all fractions of the 
ejaculates or if they were only found in prostatic fluid. 
Using SDS-PAGE analysis, the current study 
demonstrated that the major proteins in poodle dog 
prostatic fluid were 30 and 75 kDa and that there was 
twice-three times as much protein present in the third 
fraction compared to the first fraction. In the present 
study, the motility parameters of the sperm-rich fraction 
were enhanced when it was collected and frozen in the 
absence of prostatic fluid. This may be due to the lack 
of inhibiting factors within the prostatic fluid, such as 
prostatomes or the 30 kDa protein identified in the 
current study, which in turn promotes sperm functions 
including motility and cryosurvivability. These proteins 
may play a significant role in a great variety of physical 
processes that regulate sperm membrane function post 
ejaculation and cryopreservation. 
 

CONCLUSION 
 
 Prostatic fluid from both the first and third fraction 
of the canine ejaculates contains 30 kDa and 75 kDa 
molecular weight proteins. The total amount of protein 
present in prostatic fluid from the third fraction is two 
to three fold higher than in the first fraction. The 
addition of prostatic fluid to the sperm-rich fraction 
decreases motility and diminishes viability of frozen-
thawed poodle dog sperm. Future studies analyzing the 
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biochemical functions of prostatic fluid serve as to 
develop a marker for predicting the freezability and 
fertility of dog sperm. 
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