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Abstract

The aim of this study was to evaluate the effect of benign prostatic hyperplasia (BPH)  
on nitric oxide (NO) production by spermatozoa and sperm parameters in dogs. The study was 
conducted on 40 intact dogs of various breeds. The dogs were assigned to two groups: BPH group 
(n=20) and non-affected group (n=20). The sperm concentration and motility parameters  
of spermatozoa were assessed using computer-assisted sperm analysis. For the assessment of 
sperm morphology monochromatic Diff-Quick stain was used. Plasma membrane integrity,  
mitochondrial membrane potential and the spermatozoa producing nitric oxide and with  
apoptotic-like changes were determined using fluorescent stain methods. The percentages  
of motile sperm, sperm with progressive motility and normal sperm were statistically signifi- 
cantly (p<0.05) lower in dogs with BPH than in non-affected dogs. The proportion of sperm  
in motility subcategory RAPID was statistically significantly (p<0.05) lower in dogs with BPH 
than in control dogs, whereas in the STATIC motility subcategory the proportion was signifi- 
cantly (p<0.05) higher in dogs with BPH. The percentage of spermatozoa producing NO was 
significantly (p<0.05) higher in dogs with BPH than in control dogs. In conclusion, the results  
of this study showed that BPH adversely affects semen quality, especially motility, in dogs.  
The decreased semen quality was associated with an increased proportion of spermatozoa gene- 
rating NO. Further research is needed to clarify the mechanisms by which BPH affects semen 
quality.
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Introduction

Benign prostatic hyperplasia (BPH) is the most 
common age-related prostatic disease in male, intact 
dogs, accounting for approximately 50% of all prostate 
disorders (Lévy et al. 2014, Polisca et al. 2016). Histo-
logic evidence of BPH developed at an early age with  
a prevalence of 16% of the dogs by the age of 2 years. 
Fifty percent of the dogs had BPH, determined histo-
pathologically by the age of 4.1-5.0 years. With time, 
almost all intact male dogs will develop BPH, with > 
95% affected by 9 years of age (Berry et al. 1986). 

BPH develops under the influence of androgen  
metabolite dihydrotestosterone (DHT) and the increa- 
sed ratio of oestrogen to androgen (Carson et al. 2003, 
Smith et al. 2008). With age, oestrogen concentration 
increases and testosterone concentration decreases. 
This enhances the concentration of androgen recep- 
tors and increases the conversion of testosterone by 
5α-reductase to DHT in the prostate. More recently,  
it has been thought that oxidative stress may play an 
important role in the development of BPH (Minciullo  
et al. 2015, Domosławska et al. 2022). Oxidative stress 
is an imbalance between the production of reactive  
oxygen species (ROS) and the ability of the antioxidant 
system to detoxify these reactive products. Age-related 
hormonal changes may activate a chronic inflammatory 
response in the prostate (Tong and Zhou 2020). This 
causes the generation of ROS and results in oxidative 
stress. ROS may induce oxidative DNA damage and 
hyperplastic transformation of prostatic cells (Minciullo 
et al. 2015, Vital et al. 2016). In BPH there is an incre- 
ase in prostate epithelial cell size (hypertrophy) and cell 
numbers (hyperplasia) and enlargement of the prostate. 
The hyperplastic gland has increased vascularity, which 
results in vascular leakage or haemorrhage into the 
gland. Enlargement increases intraglandular pressure 
and results in the accumulation of fluid within the excre- 
tory ducts and cyst formation (Smith 2008, Lévy et al. 
2014, Cunto et al. 2022).

Initially, most affected animals do not develop clini- 
cal signs associated with BPH. The first symptom  
in stud dogs is often a decrease in libido and fertility. 
Sperm from dogs with BPH have increased DNA frag-
mentation, increased numbers of morphologic defects 
and altered sperm movement pattern (Aquino-Cortez  
et al. 2017, Flores et al. 2017, Angrimani et al. 2020, 
Niżański et al. 2022). With the progressive enlargement 
of the prostate, BPH can lead to sanguineous discharge 
from the urethra, dysuria, hematuria, hemospermia and 
tenesmus (Smith 2008, Lévy et al. 2014, Cunto et al. 
2022). 

The mechanisms by which BPH exerts its effects on 
fertility are still not completely elucidated. It is assumed 

that decreased semen quality in dogs with BPH may  
be related to hormonal disturbance (lower testosterone 
level) associated with ageing (Flores et al. 2017) and 
biochemical changes of the prostatic fluid (Krakowski 
et al. 2015, Aquino-Cortez et al. 2017). As BPH is asso-
ciated with oxidative stress, the accumulation of ROS 
can induce sperm cell damage, resulting in decreased 
sperm motility, velocity and morphological integrity 
(Agarwal et al. 2014, Flores et al. 2017). 

ROS represent a broad category of molecules  
including radical (hydroxyl ion, superoxide, peroxyl 
etc.) and non-radical (ozone, singlet oxygen, lipid  
peroxide, hydrogen peroxide) and oxygen derivatives. 
A subclass of ROS, reactive nitrogen species (nitric  
oxide [NO], peroxynitrite, nitroxide ion, etc.) are  
responsible for a subtype of oxidative stress termed  
nitrosative stress (Agarwal et al. 2014). Some studies  
in men showed that nitrosative stress may be involved 
in male infertility associated with BPH (Doshi et al. 
2012). Mouse and human spermatozoa contain nitric 
oxide synthase (NOS) and can synthesize NO (Herrero 
et al. 1996). Higher NOS activity was found in sperm 
from infertile men compared to healthy controls (Fafula 
et al. 2018). Physiological levels of NO are necessary 
for sperm motility, morphology and viability (Luo et al. 
2021). However, an excess of NO can adversely affect 
semen parameters (Rosselli et al. 1995, Balercia et al. 
2004). 

NO production in the spermatozoa of dogs with 
BPH has not yet been studied. There are also very few 
data on functional sperm parameters such as mitochon-
drial membrane potential, plasma membrane integrity 
and apoptic-like changes in dogs with BPH. Thus,  
the aim of this study was to evaluate the effect of BPH 
on sperm NO production, motility, morphological and 
functional parameters of spermatozoa in dogs. 

Materials and Methods

Animals and study design

The study was conducted on 40 intact dogs of vari-
ous breeds. The males were presented at the Depart-
ment of Animal Reproduction with Clinic, Faculty  
of Veterinary Medicine in Olsztyn, either because of 
sanguineous discharge from the urethra or for the  
evaluation of semen quality. The dogs were assigned  
to two groups: BPH group (n=20) and non-affected 
group (n=20). The diagnosis of BPH was based on his-
tory, clinical symptoms such as sanguineous discharge 
from the urethra, dysuria, tenesmus and enlargement  
of the prostate on rectal palpation and ultrasound exami- 
nation (Mindray Bio-Medical 2 with a 7.5-MHz convex 
transducer). Ultrasound diagnostic criteria for BPH 
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were enlargement of the prostate and heterogeneity  
of the prostatic parenchyma with the presence of small 
hypoechogenic cysts. Reference values for the normal 
size of the prostate depending on age and weight were 
taken from Ruel et al. (1998).

The control animals showed no clinical signs and 
the prostate was not enlarged. The age of the dogs 
ranged from 5 to 8 years and averaged 7.3±1.3 years  
in the BPH group and 6.7±1.1 years in the control 
group. The animals in both groups were of similar 
weight. The dogs were fed with commercial premium 
dry diets. Semen was collected from all the animals and 
analyzed macroscopically, microscopically and by 
computer-assisted semen analysis (CASA) and func-
tional tests. The samples were analyzed individually, 
immediately after semen collection. The study was con-
ducted according to good veterinary practice. 

Semen collection

Semen was collected by manual manipulation  
as described by Linde-Forsberg (1991) in the presence 
of a teaser bitch in heat. Three fractions of the ejaculate 
were collected separately into prewarmed (36-38oC) 
sterile glass tubes. 

Semen evaluation

The sperm concentration and motility parameters  
of spermatozoa in the sperm-rich fraction were assessed 
by CASA (Hamilton Thorne Sperm Analyzer, version 
IVOS 12.3), according to a previously described proto-
col (Domosławska et al. 2013). For the assessment  
of sperm morphology monochromatic Diff-Quick stain 
was used. Two hundred spermatozoa were evaluated 
per slide (Olympus BX50, 400x magnification).

NO production by spermatozoa, plasma membrane 
integrity (PMI), mitochondrial membrane potential 
(MMP) and apoptotic-like changes in spermatozoa 
were also determined. Before analyses, sperm samples 
were extended to a final concentration of 30 x 106 sper-
matozoa/ml with HEPES-buffered saline solution 
(130 mM of NaCl, 4 mM of KCl, 14 mM of fructose, 
10 mM of HEPES, 1 mM of CaCl, 0.5 mM of MgCl, 
0.1% BSA). The sperm concentration was estimated by 
means of a light microscope and a Bürker counting 
chamber (Equimed-Medical Instruments, Kraków,  
Poland). The samples were analyzed individually,  
immediately after semen collection.

Plasma membrane integrity (PMI)

The fluorescent dyes SYBR-14 and propidium  
iodide (PI) (Live/Dead Sperm Viability Kit; Molecular 
Probes, Eugene, USA) were used to assess the percen- 

tage of membrane-intact spermatozoa. The staining  
was performed according to the method given  
by Garner and Johnson (1995), with modifications  
proposed by Fraser et al. (2022). Extended sperm sam-
ples were incubated with SYBR-14 solution (1 mM  
of SYBR-14 in DMSO) for 10 min, and then with PI 
solution (2.4 µM of PI in Tyrode salt solution) for  
another 10 min at 37°C. An aliquot (10 μl) of each sam-
ple was placed on a sterile microscopic slide, covered 
with a coverslip and examined at 600x magnification 
under an epifluorescence microscope (Olympus CH 30 
RF-200). A minimum of 200 cells were assessed in ten 
random fields of view using the appropriate filters. 
Spermatozoa demonstrating green fluorescence were 
classified as viable with an undamaged plasma mem-
brane, whereas those showing red fluorescence were 
classified as non-viable with a damaged membrane.  
The results were expressed as the percentage of sperm 
cells with an intact membrane. The samples were ana-
lyzed individually, immediately after semen collection.

Determination of NO production

Cell-permeable fluorescent dye – DAF-2DA 
(4,5-diaminofluorescein-2-diacetate; Sigma-Aldrich, 
St. Louis, USA) – was used to determine the percentage 
of spermatozoa that generated nitric oxide (NO). Sperm 
staining was carried out according to the method  
proposed by Lampiao et al. (2006). Diluted sperm  
samples were incubated with DAF-2DA solution  
(20 μM DAF-2DA in PBS) for 120 min at 37°C, in the 
dark. A minimum of 200 cells per slide were examined 
in each aliquot under an epifluorescence microscope 
(Olympus CH 30 RF-200) using the appropriate filters. 
Spermatozoa demonstrating blue-green fluorescence  
in any segment (head, mid-piece or tail) were consi- 
dered as NO-producing cells. The results were expres- 
sed as the percentage of sperm cells that were capable 
of producing nitric oxide. The samples were analyzed 
individually, immediately after semen collection.

Mitochondrial membrane potential (MMP)

The fluorescent dyes JC-1 (Molecular Probes,  
Eugene, USA) and PI were used to estimate the mito-
chondrial membrane potential (MMP) of sperm.  
The protocol was based on the method described by 
Thomas et al. (1998). Sperm suspensions were incu- 
bated at 37°C with JC-1 solution for 10 min, and then 
with PI solution (2.4 µM PI in Tyrode salt solution)  
for another 10 min. Approximately 200 cells per slide 
were examined in each aliquot under an epifluorescence 
microscope (Olympus CH 30 RF-200) as described 
above. Viable spermatozoa with high mitochondrial  
potential exhibited orange/red fluorescence in the  
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mid-piece region. Sperm exhibiting green fluorescence 
were considered as nonviable spermatozoa with low 
MMP. The results were expressed as the percentage  
of spermatozoa with high mitochondrial potential.  
The samples were analyzed individually, immediately 
after semen collection.

Apoptotic-like changes (vitality of spermatozoa)

Apoptotic-like changes in sperm were assessed  
using YO-PRO-1/PI fluorochromes (Vybrant Apoptosis 
Assay Kit #4; Molecular Probes, Eugene, USA) accor- 
ding to the method of Trzcińska and Bryła (2015). 
Sperm suspensions were incubated initially with  
YO-PRO-1 (100 μM) for 5 min and then with PI (2 μM) 
solution for 10 min at 37°C. Approximately 200 cells 
per slide were examined in each aliquot under an epifluo- 
rescence microscope (Olympus CH 30 RF-200)  
as described above. Sperm cells with apoptotic-like 
changes showed green fluorescence in the head region, 
while dead sperm showed red fluorescence. The results 
were presented as the percentage of spermatozoa  
presenting apoptotic-like changes (green fluorescence), 
dead (red fluorescence) and live (no fluorescence).  
The samples were analyzed individually, immediately 
after semen collection.

Statistical analysis

The results were presented as mean and standard 
deviation and compared between both groups using 
Student’s t-test or the Mann-Whitney test according  
to the distribution of variables (GraphPAD PRISM, 
Version 4.00, GraphPad Software, San Diego, CA, 
USA). The level of significance was set at p<0.05. 

Results

The mean values of semen quality parameters  
(volume of the sperm-rich fraction, sperm concentra-
tion, total sperm count, motility parameters and per-
centage of normal sperm) of dogs with BPH and  
in non-affected dogs are shown in Table 1.

The volume of the sperm-rich fraction was similar 
in dogs with BPH and in non-affected dogs (p>0.05). 
Sperm concentration and total sperm count were nu-
merically lower in dogs with BPH compared to con-
trols, but the differences were not statistically signifi-
cant (p>0.05). The mean percentages of motile sperm 
and sperm with a progressive motility were statistically 
significantly (p<0.05) lower in dogs with BPH than  
in non-affected dogs (64.15±17.51% vs 71.15±12.74% 
and 41.25±19.64% vs 55.05±14.31%, respectively). 
The proportion of spermatozoa in motility subcategory 

Table 1. Sperm quality parameters (mean±SD) in dogs with benign prostatic hyperplasia (BPH) and non-affected (control) dogs.

Parameter Unit BPH
n=20

Control 
n=20

Volume of the sperm-rich fraction ml 2.50±0.79 2.53±0.75
Concentration x 106/ml 123.87±87.68 162.01±98.35
TSC x 106 295.25±247.60 405.82±284.24
MOT % 64.15±17.51a 71.15±12.74b

PMOT % 41.25±19.64a 55.05±14.31b

VAP µm/s 121.36±38.94 127.14±32.37
VSL µm/s 111.29±39,93 115.73±32.50
VCL µm/s 162.46±54.33 185.51±41.66
ALH µm 6.54±1.36 6.89±1.25
BCF Hz 33.10±4.19 32.93±3.42
STR % 88.45±9.56 86.70±8.77
LIN % 65.10±11.51 65.10±7.97 

RAPID % 46.35±19.80a 58.60±16.52b

MEDIUM % 17.70±11.39 17.05±11.08
SLOW % 13.25±8.20 3.80±1.96
STATIC % 22.75±12.77a 14.35±7.28b

NORMAL % 62.33±9.73a 79.50±8.04 b

TSC – Total Sperm Count, MOT – motile spermatozoa, PMOT – progressive motility, VAP – velocity average pathway, VSL – velocity 
straight line, VCL – velocity curvilinear, ALH – amplitude lateral head, BCF – beat cross frequency, STR – straightness, LIN – linearity, 
motility subcategories: RAPID, MEDIUM, SLOW, STATIC
a, b – values with different superscripts are statistically different between the groups (p<0.05)
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RAPID was statistically significantly (p<0.05) lower  
in BPH dogs than in control dogs (46.35±19.80%  
vs 58.60±16.52%), whereas in motility subcategory 
STATIC the proportion was significantly higher 
(22.75±12.77% vs 14.35±7.28%). The percentage  
of normal spermatozoa was statistically significantly 
(p<0.05) lower in dogs with BPH than in non-affected 
dogs (62.33±9.73 % vs 79.50±8.04%). There were no 
statistically significant (p>0.05) differences between 
both groups in other motility parameters (VAP, VSL, 
VCL, ALH, BCF, LIN, SLOW, MEDIUM).

The percentage of NO-producing spermatozoa, 
spermatozoa with intact membranes, spermatozoa with 
high membrane potential, apoptotic, necrotic and viable 
spermatozoa are shown in Table 2.

The percentage of spermatozoa producing NO was 
significantly (p<0.05) higher in BPH dogs than in con-
trol dogs (36.46±20.92% vs 25.48±9.98%). The per-
centage of spermatozoa with intact membranes, sper-
matozoa with high mitochondrial membrane potential 
and live spermatozoa tended to be lower in dogs with 
BPH compared to non-affected dogs, but the differences 
were not statistically significant (p>0.05). The percent-
age of spermatozoa with apoptic-like changes and dead 
spermatozoa was numerically higher in dogs with BPH 
than in control dogs, but the differences were not statis-
tically significant (p>0.05).

Discussion

The dogs with BPH showed decreased semen  
quality. In general, there were large individual diffe- 
rences in semen quality parameters. However, the mean 
percentage of motile sperm and sperm with a progres-
sive motility, and the proportion of sperm in motility 
subcategory RAPID was significantly lower in dogs 
with BPH than in non-affected dogs, whereas the pro-
portion of sperm in motility subcategory STATIC was 
significantly higher. The percentage of normal sperm 

was significantly lower in BPH dogs than in controls. 
Similarly, low semen quality in dogs with BPH was 
found also in other studies. Krakowski et al. (2015) 
found no significant changes in standard semen param-
eters, but a significant increase in DNA defragmenta-
tion of sperm and elevated percentages of primary  
defects in spermatozoa in dogs with BPH compared  
to healthy dogs. Flores et al. (2017) reported that BPH 
decreases sperm DNA integrity and mitochondrial  
activity, and also alters sperm movement pattern. In the 
study of Aquino-Cortez et al. (2017) dogs with BPH 
presented lower sperm motility, vigour, concentration 
and percentage of sperm with a functional membrane 
than control dogs. The percentage of sperm with  
primary morphological changes was greater in BPH 
dogs. Angrimani et al. (2020) found that BPH dogs had 
a lower sperm count, a higher percentage of minor 
sperm defects, and altered sperm kinetics. More  
recently, Niżański et al. (2022) observed a lower pro-
portion of spermatozoa with progressive motility and  
in the RAPID motility subcategory, as well as a higher 
proportion of sperm defects in dogs with BPH com-
pared to healthy dogs.

In this study, NO production in the spermatozoa  
of dogs with PBH was determined for the first time.  
The percentage of spermatozoa producing NO was  
significantly higher in BPH dogs than in control dogs.  
It is therefore possible that the reduced sperm motility 
parameters in dogs with BPH are related to increased 
production of NO. Rosselli et al. (1995) showed that 
treatment of human spermatozoa with NO donors  
decreased forward progressive sperm motility and 
straight line velocity, and also increased the percentage 
of immotile spermatozoa in a concentration-dependent 
manner. Balercia et al. (2004) reported a significant 
negative correlation between NO concentration in hu-
man semen and the percentage of total sperm motility.

MMP is the parameter that reflects mitochondrial 
function and is an indicator of mitochondrial energy 
status. In humans, a correlation has been found bet- 

Table 2.  Percentage (mean±SD) of spermatozoa producing nitric oxide (NO), spermatozoa with intact membranes, spermatozoa  
with high mitochondrial membrane potential, apoptotic, necrotic and viable spermatozoa in dogs with benign prostatic  
hyperplasia (BPH) and non-affected (control) dogs.

Variables BPH
n=20

Control
n=20

NO production % 36.46±20.92a 25.48±9.98b

PMI % 76.54±14.73 82.03±6.42

MMP% 79.28±20.92 84.34±9.64

apoptotic spermatozoa % 11.32±5.98 9.89±8.92

dead spermatozoa % 29.97±14.81 25.21±7.34

live spermatozoa % 59.70±17.09 63.54±15.04
NO nitric oxide, PMI plasma membrane integrity, MMP mitochondrial membrane potential
a, b – values with different superscripts are statistically different between the groups (p<0.05)
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ween impaired mitochondrial function, demonstrated 
by a reduction in MMP, and reduced sperm motility and 
reproductive ability (Paoli et al. 2011). High levels  
of reactive nitrogen species, such as peroxynitrate  
(a nitrogen oxide-derived oxidant), resulted in a decre- 
ase in the MMP of human spermatozoa (Uribe et al., 
2015). In our study, MMP tended to be lower in BPH 
dogs than in control dogs. There have been only a few 
studies on MMP in canine spermatozoa. Volpe et al. 
(2009) reported that the presence of a high MMP was 
more strongly correlated to sperm viability than  
to sperm motility. Strzeżek et al. (2015) observed sea-
sonal variation in the percentage of spermatozoa with 
high MMP and motility parameters. Flores et al. (2017) 
observed decreased mitochondrial activity in BPH dogs 
compared to controls. 

Analysis of PMI, responsible for the preservation  
of cellular homeostasis, allows the evaluation of sperm 
viability and the prediction of potential sperm survival 
inside the female reproductive tract (Lampiao et al. 
2014). High levels of NO cause adverse effects on the 
sperm plasma membrane and stimulate apoptosis 
(Doshi et al. 2012). There was a negative correlation 
between NO generation in boar spermatozoa preserved 
in short-term extender and plasma membrane integrity 
(Orzołek et al. 2018). In our study, there was only  
a tendency to a lower proportion of spermatozoa with 
intact membranes in dogs with BPH compared to con-
trol dogs. Similarly, Flores et al. (2017) found no signifi- 
cant difference in PMI between dogs with BPH and 
healthy dogs. 

It has been shown that high concentrations of NO 
are associated with an increase in sperm cell apoptosis 
rate in men (Lampiao et al. 2014). In this study the per-
centage of spermatozoa with apoptic-like changes and 
dead spermatozoa was numerically higher in dogs with 
BPH than in control dogs but was not statistically dif-
ferent. This is consistent with the results of Krakowski 
et al. (2015), who found no differences in the percent-
age of viable sperm between BPH dogs and controls.

The results of our study indicate a trend towards  
nitrosative stress, a subtype of oxidative stress, charac-
terized by overproduction of NO in the spermatozoa  
of dogs with BPH. This suggests the potential impor-
tance of NO in reducing sperm quality in BPH dogs.  
So far there have been only a few studies on oxidative 
stress in dogs with BPH. Dearakhshandeh et al. (2019) 
reported a decrease in antioxidant enzyme level activi-
ties in the blood serum of dogs induced for BPH  
by testosterone and estradiol. Angrimani et al. (2020) 
found no significant differences in the oxidative profile 
of prostatic fluid between BPH dogs and non-affected 
dogs. Our earlier study showed significantly lower  
serum total antioxidant activity in dogs with BPH com-

pared to non-affected dogs (2022). In addition to oxida-
tive stress, haematospermia, hormonal imbalance and 
biochemical changes in the prostatic fluid are discussed 
as possible causes of reduced semen quality in dogs 
with BPH.

Haematospermia is a common clinical symptom 
observed in BPH dogs. The effect of the presence of 
erythrocytes in the semen on fertility of dogs is contro-
versial. Dogs with some blood in their ejaculates may 
be fertile (Fontbonne et al. 2011). On the other hand, 
iron contained in haemoglobin can contribute to gene- 
ration of ROS (Agarwal et al. 2014). Rijsselaere et al. 
(2004) showed that blood additions of up to 10%  
exerted no negative effects on the functional characte- 
ristics of chilled canine spermatozoa, but had negative 
effects on cryopreserved spermatozoa due to the high 
amount of haemoglobin originating from the red blood 
cell haemolysis observed after freezing and thawing. 

Lowered sperm quality in dogs with BPH may be 
the result of hormonal imbalance. BPH is associated 
with an increased ratio of estrogen to androgen. BPH 
dogs had significantly lower testosterone levels than 
healthy dogs (Cochran et al. 1981, Angrimani et al. 
2020, Niżański et al. 2022). Testosterone plays an  
essential role in maintaining spermatogenesis  
(Ramaswamy and Weinbauer 2015). Decreased testos-
terone concentration in dogs with BPH may affect 
sperm quality. 

The prostate is the sole accessory gland in dogs. 
The prostatic fluid has a major role in the production  
of seminal plasma during ejaculation. It constitutes  
approximately 90% of seminal fluid volume and pro-
vides transport and sperm support (Ferré-Dolcet et al. 
2022). Prostate diseases can cause significant changes 
in the seminal plasma, resulting in reduced semen  
quality. However, there are only few studies on the bio-
chemistry of the prostatic fluid in dogs with BPH.  
Krakowski et al. (2015) observed that in dogs with 
BPH, the pH of prostatic secretions was higher and  
cholesterol concentrations increased, while zinc (Zn) 
and copper concentrations decreased. Ferré-Dolcet  
et al. (2022) reported low Zn concentrations in the the 
prostatic fluid when BPH was diagnosed in dogs.  
Zn concentration in the prostatic fluid has been posi-
tively correlated with an improvement in semen quality 
during treatment with osaterone acetate. Concentrations 
of glucose, cholesterol and triglycerides in prostate  
fluid were higher in dogs with BPH than in healthy 
dogs, suggesting that these could be used as biomarkers 
of prostate enlargement in dogs with BPH (Aquino- 
-Cortez et al. 2017).

We are aware that our study has a limitation. BPH 
was diagnosed only on the basis of ultrasound examina-
tion and clinical symptoms. Prostatic biopsy for cyto- 
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logy or histology is considered the gold standard for the 
diagnosis of BPH in the living animal (Smith 2008). 
The study was conducted on a clinical population  
of client-owned dogs and the dog owners did not agree 
to the biopsy. 

Conclusions

In conclusion, the study showed that BPH adversely 
affects semen quality, especially motility parameters,  
in dogs. The decreased semen quality was associated 
with an increased proportion of spermatozoa generating 
NO. This suggests that increased NO production may 
play a causal role in the impairment of semen quality  
in dogs with BPH. Further research is needed to clarify 
the mechanisms by which BPH affects semen quality.
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