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KEY POINTS

e Male infertility is half of the equation in respect of breeding dogs.

e Alkaline phosphatase measurement in semen is an indicator of completeness of
ejaculation.

e Human chorionic gonadotropin response testing allows for hormone assessment in male
dogs.

e Early testicular biopsy may allow for treatment to improve fertility before irreversible
changes occur in the testicles.

e Spermatozoa production and fertility are sensitive to dietary constituents, the environ-
ment, and age of the animal.

INTRODUCTION

Male dogs presenting for fertility assessment are commonplace in small animal repro-
duction clinics. It is common to find articles outlining semen and prostate fluid analysis
for infertility investigations in male dogs'~3; however, there are few articles discussing
in detail what to do after obtaining results from spermiograms in dogs.*~” This article
aims to outline processes involved in working up fertility issues of male dogs that are
normal on clinical examination; however, their spermiograms contain suboptimal
motility values and or percentage of morphologically normal spermatozoa. The mini-
mum recommended criterion for optimally fertile fresh semen is 70% progressively
motile spermatozoa® and 60% morphologically normal spermatozoa.® In bulls, it is
recommended to have a maximum of 15% (noncompensable) to 25%(compensable)
of any one morphological abnormality'®; however, to the author’s knowledge, there is
no specific study related to this in dogs, yet it would be prudent to still follow these
guidelines. Spermatogenesis in the dog is a protracted process, 62 days plus
14 days epididymal transit time, so a “wait and see approach” will not suit all cases
because spermatogenesis may cease in this time period. It is important to understand
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when assessing morphological abnormalities in the spermiogram where in the produc-
tion process the abnormalities are produced in order to have an idea of when next to
test the semen and expect an improvement in the quality of the spermiogram. Sper-
miograms are often classified as azoospermic (complete absence of spermatozoa
in the ejaculate), oligozoospermic (reduced numbers of spermatozoa in the ejaculate),
and teratozoospermic (increased number of abnormal spermatozoa in the ejaculate).
Causative processes of all 3 of these classifications overlap as does the advanced
investigation.

ALKALINE PHOSPHATASE ANALYSIS IN SEMINAL FLUID

Within the canine reproductive tract, alkaline phosphatase (AP) has been shown to be
secreted mainly from the epididymis in dogs; primarily the cauda epididymis."! Levels
of AP in the canine ejaculate are greatest in the second, semen-rich fraction, compared
with the first or third prostate fluid fractions.*>'" The measurement of AP levels in the
ejaculate of dogs has been recommended to differentiate azoospermia due to obstruc-
tive causes from azoospermia due to secretory issues from the testes.?~>'2-'5 Carni-
tine has also been shown to be produced by the epididymis of dogs; however,
assays for carnitine are not readily available.'® Specific levels of AP in the canine ejac-
ulate indicating complete ejaculation, partial ejaculation, and absence of bilateral
outflow obstructions from the epididymis are commonly quoted as being more than
5000 IU/L,%>13715 and if the level is less than 5000 IU/L, then ejaculation is considered
incomplete or a bilateral epididymal outflow obstruction is present.?'2 Review of the
referenced literature by Frenette,' indicates that no studies have been performed to
come up with the cutoff of 5000 IU/L AP'"; however, they do indicate levels of AP ac-
tivity in the units of micromole per hour per milligram protein, which to the author’s
knowledge is not able to be converted to the commonly used units for measuring AP
of international units per liter. Johnston first made mention of the 5000 IU/L AP level*;
however, review of that article shows that they were indicating that in most dogs, AP is
very high and so very low levels would indicate incomplete ejaculation or bilateral
outflow obstruction, and a cutoff number for complete or incomplete ejaculation was
not intended (personal communication with author, S. Johnston, 2022). What should
be ascertained from the references is that in a good, complete ejaculate, the level of
AP in the fluid will be very high, and if there is an obstruction or incomplete ejaculation,
the level will be low. Therefore, azoospermia with a high AP level indicates a problem of
testicular origin, whereas azoospermia with a low AP level does not identify the source
of the problem because it could be due to obstructive disease, psychosomatic issues,
or failure of adequate ejaculation. It is the author’s recommendation to not use a nu-
merical cutoff for complete or incomplete ejaculation in future.

Obstructive azoospermia in dogs seems to be not a well-documented issue through
analysis of the literature. It is suspected but difficult to prove in the dog because in
many cases, the male dog may not ejaculate well for the person collecting the semen,
resulting in low AP levels.® To the author’s knowledge, there is no publication of a case
of obstructive azoospermia in the dog.

If the AP level in the canine ejaculate is high, then it is recommended to progress to
human chorionic gonadotropin (hCG) response testing as the next step in infertility
investigation. If the AP level is low, then collection again may be attempted in different
situations, that is, with or without a teaser bitch, different breeds or sizes of teaser
bitches, making sure the teaser is at the peak of estrus, trying the semen collection
outside in nature rather than in a veterinary consulting room, with the prior use in
the male of anxiolytic medications such as trazadone, or through the use of natural
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prostaglandin F2«, which has been shown to increase sperm numbers in the ejacu-
late.'® The author has been presented with one case of a male dog for semen collec-
tion and semen freezing on multiple occasions wherein the male seems to ejaculate
normally; however, the ejaculate was clear, azoospermic, and the AP level was less
than 5000 IU/mL. This male dog both before, during and after the attempted semen
collection techniques continued to get bitches pregnant with good litter size. The
male was subsequently collected via electroejaculation under general anesthesia;
however, a semen sample good enough to freeze was not attained. Therefore, the
presence of azoospermia with low AP levels may not always indicate a problem
with the testicles or ejaculation process as a source of infertility and electroejaculation
or test matings to known fertile bitches may be attempted to ascertain if the male dog
in question is in fact infertile. If though the AP level is low with azoospermia in a male
dog, which has failed to get multiple known fertile bitches pregnant, then the next step
in investigation is ultrasound of the reproductive tract.

RETROGRADE EJACULATION

In cases of azoospermia and oligozoospermia, it is important to analyze a urine sample
via cystocentesis for the presence of spermatozoa after semen collection. In both
dogs with normal fertility and those with azoospermia and oligozoospermia, sperma-
tozoa will be found in urine samples after semen collection.”” In some male dogs, they
may undergo retrograde ejaculation, which occurs as a result of seminal fluid passing
from the proximal urethra into the bladder rather than out through the distal urethra as
would occur in antegrade ejaculation.’®'® Retrograde ejaculation occurs when there
is the presence of spermatozoa in the urine of azoospermic dogs, or subjectively large
numbers of sperm in the urine of oligospermic dogs. If retrograde ejaculation is
confirmed, treatment is in most cases successful through the use of phenylpropanol-
amine at 4 mg/kg once daily for 5 days before semen collection.” This dose of phen-
ylpropanolamine is higher than the labeled dose rate for urinary incontinence.

ULTRASOUND OF THE TESTES AND PROSTATE

Testicular and prostate ultrasounds are well documented in the literature.??%2" Testi-
cles should undergo ultrasound examination in a way to show both testes at once to
compare the architecture between testes. The use of a linear probe aids in this pro-
cess. The normal testes are homogenous in appearance, with the presence of hypo-
echoic lesions indicating fluid of some sort, and hyperechoic areas suggesting
increased cellular density such as inflammation, granulomas, or tumors. These are
the most common changes seen on ultrasound of the testis. The presence of isolated
hyperechoic lesions will allow for ultrasound-guided fine needle aspiration (FNA) under
sedation.

Chronic prostate inflammation and disease will result in poor-quality semen sam-
ples due to inflammation extending through the whole reproductive tract.? Prostate ul-
trasound allows for the objective assessment of size and texture of the prostate
gland.?° Ultrasound of the canine prostate is simple to perform, and can be done either
standing, lateral, or dorsal recumbency, with no clipping needed as the ultrasound can
be easily performed using alcohol and acoustic gel in the groin.?® Three ultrasound
views in each of the transverse and sagittal (longitudinal) planes should be taken using
the hypoechoic urethra as a landmark to ensure the image of the prostate is com-
plete.2° The average of the width (W, centimeter) seen in the transverse and sagittal
images, height (H, centimeter) from the transverse images and the length (L, centi-
meter) from the sagittal images are inserted into the following formula to calculate
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the prostatic volume (V, cubic centimeter). The volume of the prostate is calculated us-
ing the following formula: V =L x H x W x 0.523. As a guide, a calculation for normal
prostate volume (V, cubic centimeter) is obtained using the following formula consid-
ering variations in body weight (BW) in kilogram and age in years (A)?": V = (0.087 x
BW) + (1.885 x A) + 15.88; values obtained in excess of this calculated volume indi-
cates an enlargement of the prostate. Digital palpation of the prostate is purported by
many to assess for size, texture, and pain; however, in the author’s experience, the
prostate gland is difficult to palpate digitally except for the caudo-dorsal border in
glands that have not fallen cranially over the pelvic brim. Pain is also difficult to assess
because most dogs resent digital rectal palpation and this resistance may be misinter-
preted as pain.

Chronically inflamed canine prostate glands will invariably show small (<2 mm)
hyperechoic cystic lesions scattered throughout the enlarged prostate gland. In the au-
thor’s experience, prostate ultrasound is best interpreted in conjunction with cytolog-
ical analysis of the third fraction of the ejaculate (the prostate fluid). With evidence of
inflammation of this third fraction, indicated by increased numbers of lymphocytes or
macrophages and red blood cells on cytology, a presumptive diagnosis of benign
prostatic hyperplasia (BPH) is most often made? and the presence of large numbers
gram-negative rods (rarely gram-positive) in conjunction with increased numbers of
neutrophils with or without intracellular bacteria indicates overlying prostatitis.2°
Escherichia coli is the most common pathogen found on culture of prostatic fluid in an-
imals with prostatitis.?® Serum canine prostate-specific arginine esterase, an enzyme
produced by the canine prostate, increases in cases of BPH and may aid in its diag-
nosis; however, availability of testing is limited currently to the United Kingdom and
Europe, with many countries not offering the test.2° If the animal is not intended to
be used further for breeding, castration is curative; however, in breeding animals,
BPH may be treated with the use of finasteride (a 5a-reductase inhibitor) or osaterone
acetate (a progestin and antiandrogen)??-24 enabling treatment of the BPH while having
no negative effects on fertility. At the time of writing this article, osaterone acetate is
only available in Europe and the United Kingdom. Both of these treatments result in
transient improvement in semen quality, peaking in effect at 4 months after treatment
with osaterone acetate®®?* or 4 months after beginning treatment with finasteride
(observed unpublished data by author S. Mason, 2023). It is not recommended to
use the dog for stud duties in the first 4 months of treatment as semen quality will
not improve and may transiently decline in this period with the use of osaterone ace-
tate.?>?* Deslorelin (a GnRH agonist) may too be used for successful treatment of
BPH; however, due to the variable length of action, up to 2.7 years with a single
dose of deslorelin,?® deslorelin is best reserved for nonbreeding animals, or animals
in which semen has been preserved previously to the diagnosis of BPH because its
use will result in azoospermia from continued suppression of the hypothalamic pituitary
axis. A full discussion of workup of disease of the prostate including treatments is dis-
cussed in a previous issue.?°

SEMEN CULTURE

Semen collection in the dog is not a sterile process; however, the presence of an over-
growth of one bacterial species may indicate the presence of bacterial orchitis,
requiring treatment with appropriate antibiotics based on culture and sensitivity re-
sults. Semen samples should be cultured aerobically, and for mycoplasma and ureo-
plasma. Bacteria commonly cultured in canine semen comprise bacteria of the normal
flora of dogs; these include but are not limited to Streptococcus canis, Staphylococcus
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pseudointermedius, Pasteurella multocida, and Moraxella species.® The author recom-
mends culture of both the second, sperm-rich fraction, and third, prostate fraction
separately. The growth of mixed flora or low-grade growth of one species of bacteria
is not thought significant. In countries where Brucella canis is endemic animals should
undergo regular testing to ensure the breeding animals are free of this disease. B canis
is a difficult bacteria to culture, and serology tests sometimes yield false positive re-
sults, therefore the use of more specific polymerase chain reaction testing may be rec-
ommended®26-28 (See article “Canine Brucellosis Update” by Kauffman and Sebdza of
this issue).

Low-grade chronic orchitis or epididymitis may give rise to autoimmune orchitis or
epididymitis through the continued chronic inflammatory process from a low-grade
infection as diagnosed by testicular biopsy, as discussed later.® Some animals with
orchitis may be unwilling to provide semen samples due to pain, wherein FNA or bi-
opsy of the testis and epididymis may be required (see later discussion). Autoimmune
orchitis and epididymitis are diagnosed via testicular biopsy (see later discussion) with
treatments including appropriate antibiotics and anecdotally corticosteroids for auto-
immune disease, although it must be remembered that the use of corticosteroids may
control the inflammation and immune reaction in the testes, it may too be detrimental
to fertility because cortisol opposes the action of luteinizing hormone (LH).

HUMAN CHORIONIC GONADOTROPIN/GONADOTROPIN RELEASING HORMONE
RESPONSE TESTING

Spermatogenesis in all mammalian species is controlled by the hypothalamic pituitary
gonadal axis, and an understanding of this process is important because aberrations
in normal hormone profiles will affect the quantity and morphology of spermatozoa
produced by the testicles.

Normal Hypothalamic Pituitary Gonadal Axis Function

Gonadotropin releasing hormone (GnRH) is a neuropeptide released from neurons in
the hypothalamus, which in turn stimulates the release of glycoproteins follicle stimu-
lating hormone (FSH) and LH from the gonadotroph cells of the anterior lobe of the pi-
tuitary into the blood stream. In male mammals, LH stimulates testosterone
production from the interstitial cells of Leydig, which diffuses across into the seminif-
erous tubules and the blood stream.?® In the seminiferous tubules testosterone binds
to receptors on the Sertoli cells, and with FSH, testosterone acts on the Sertoli cells of
the testes to stimulate follicular development (and subsequent spermatocyte produc-
tion and development to spermatids and spermatozoa), and estradiol synthesis.?®3°
GnRH secretion is controlled via negative feedback of testosterone and estradiol pro-
duced from the testes. The Sertoli cells also produce inhibin and activin, with activin
stimulating FSH production and inhibin having an inhibitory effect on FSH secretion
once spermatids are produced.3%-"

Estrogens also affect the production of testosterone through negative feedback on
the hypothalamic pituitary axis and stimulate resorption of 96% of the rete testis fluid
in the efferent ductules of the epididymis.? Additionally, estrogens control the osmo-
larity and pH of the fluid in the epididymis to minimize damage to sperm plasma mem-
branes, and help maximize the number of morphologically normal motile spermatozoa
in the ejaculate.®? Estrogens are produced in the testes by cytochrome P450 aroma-
tase in the germ cells, epithelial cells of the efferent ducts and epididymis, and inter-
stitial cells of the epididymis.®?
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Prolactin is secreted from lactotroph cells in the anterior pituitary and is well known
for its effect to stimulate milk production in bitches. Hyperprolactinemia has been
shown in males to cause hypogonadism and affect fertility in species other than ca-
nines.>>** Prolactin reduces the production of testosterone by Leydig cells by
increasing the number and affinity of LH receptors,3* insinuating that low levels of pro-
lactin are required to create enough functional LH receptors but if levels are excessive,
they will block the LH receptors. This is important to understand because when
prolactin-reducing drugs are used in the dog, severe depression of prolactin may
inhibit testosterone function. From review of the literature, unlike other species,
induced hyperprolactinemia and hypoprolactinemia does not seem to affect the
motility or morphology of semen samples in the dog®33%; however, treatment times
with dopamine agonists (prolactin antagonists) were quite short, 6 weeks®® and
9 weeks,®® and may not be long enough to present an effect on spermatogenesis
considering the spermatogenic cycle of the dog is much longer than this time frame.
The use of dopamine agonists in male dogs is purported by some to improve semen
quality®; however, there is no published evidence to support this at this time.

Human Chorionic Gonadotropin Response Testing Purpose

In order to assess a male dog with an abnormal spermiogram for issues related to hor-
mone levels, an hCG or GnRH stimulation test is performed. The reason for performing
an hCG or GnRH stimulation test is due to the fact that the reported normal laboratory
values for LH, FSH, testosterone, estrogen, and prolactin in dogs are quite varied® and
results will vary dramatically with the method used for analysis.®® The published meth-
odology for hCG and GnRH stimulation testing is varied in the literature®”~*? with most
measuring LH, FSH, testosterone, and estrogen frequently during a short period
following stimulation; from 1 hour*°to 7 days*® and others perform just one off samples.®

In clinical practice, LH and FSH are not evaluated because there are no known dis-
eases related purely to LH or FSH levels; however, assays for testosterone, estrogen
(estradiol), and prolactin are performed because their abnormal levels will affect sperm
production. Due to the lack of native GnRH availability, hCG is the preferred stimulant
to assess the hypothalamic-pituitary-gonadal axis of male dogs because it is a chori-
onic glycoprotein with largely LH stimulatory effects, allowing assessment of stimula-
tion of the interstitial cells of Leydig to produce testosterone, and how in turn the
testosterone affects estrogen levels, and the involvement of prolactin. Gonadorelin,
a GnRH analog can also be used; however, gonadorelin has less specificity on stim-
ulating LH (it will stimulate both LH and FSH production) and, in the author’s opinion, is
inferior in use to assess hormone production from stimulation of the LH receptors of
the testicles. If hCG is unavailable, then gonadorelin may be used.

Protocol

Collect a resting serum sample. Inject the animal with 500 IU of hCG (Chorulon, MSD
Animal Health Australia) IM under 10 kg body weight (BW) and 1000 IU of Chorulon IM
over 10 kg BW. Collect further serum samples at 30 minutes, 60 minutes, 120 minutes,
24 hours, and 48 hours after stimulation with hCG.

If using Gonadorelin, replace the above dose of hCG with 1 ng/kg of gonadorelin
(Fertagyl, MSD Animal Health, Australia) IM or IV.**

Interpretation of Results

Testosterone
In a normal dog, it is expected for testosterone at 60 minutes after stimulation to be
twice the baseline level, and by 2 hours after stimulation, testosterone remains
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elevated® or is back to basal levels.*® In the initial 2-hour window after stimulation,
there is a stimulation of LH receptors causing a release of testosterone stored in the
testes (Leydig cells). By 24 hours after stimulation, it is expected that testosterone
be again twice baseline levels and then either stay high or drop down to basal levels
by 48 hours.*” These later 2 tests are assessing the dogs ability to synthesize new
testosterone when stimulated.*”

Estradiol

In a normal dog, estradiol levels will remain lower than testosterone throughout the
testing process. Testosterone is aromatized to estrogen in the normal dog at low levels
through aromatase produced by the germ cells in the testes, and epithelial cells of the
efferent ductules and interstitium of the epididymis.®? The estrogen produced has
some negative feedback to control testosterone secretion.

Prolactin

In a normal dog, prolactin levels will be low. High prolactin levels at any point can have
deleterious effects on fertility as discussed earlier. Prolactin levels can fluctuate and
while its production is not in any way stimulated by hCG or GnRH analogs, repetitive
sampling will increase the chances of revealing an elevated level.

Results
Interpretation of hormone levels obtained from hCG/GnRH response testing is shown
in Table 1.

Table 1
Results of human chorionic gonadotropin response tests and possible treatments

Low testosterone throughout Suggests a primary problem of the HPA pituitary
axis or receptor issue in the testes

High estrogen throughout Suggests exogenous estrogen source, testicular
tumor, diet phytoestrogen or exposure to
hormone replacement therapy (HRT) medications
from owners

Estrogen behaving like testosterone Suggests increased conversion of testosterone to
estrogen and trial therapy with an aromatase
inhibitor, anastrazole at 0.1 mg/kg/d. Although
not shown to improve semen quality, treatment
was stopped short of a full sperm cycle.*®
Previously administration of other aromatase
inhibitors that are no longer available
(Formestane) showed improvement in semen
quality in dogs*°

Prolactin elevated Trial response to prolactin antagonist cabergoline
5 ug/kg once daily'®3>
Low testosterone on day 1 but Issue of poor storage of testosterone, but testes can
elevated on days 2 and/or 3 make it when stimulated. Trial treatment with

gonadorelin (Fertagyl, MSD Animal Health,
Australia; 0.33 pg/kg once weekly for 16 week'®)

Low estrogen and testosterone Suggests a primary problem of the HPA pituitary
axis or receptor issue in the testes

Normal estrogen, testosterone, and Indicates not an HPA issue or hormonal problem
prolactin profile
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NUTRIENT CONTENT OF DOG FOODS, AGE OF STUD DOGS, AND ENVIRONMENTAL
TOXINS
Phytoestrogens in Dog Foods

Phytoestrogens are plant-derived compounds with estrogenic activity; they are sub-
classified into 3 groups: isoflavones, coumestans, and lignans.*® Both commercial
and homemade canine diets can be high in phytoestrogens, depending on their ingre-
dients. Soy bean and its by-products are commonly used in dog foods and have been
shown have high levels of all 3 subgroups of phytoestrogen.®° In addition to soy bean,
other ingredients of commercial dog foods that are high in phytoestrogens include, but
are not limited to, flaxseed (linseed), sesame seeds, legumes (alfalfa, chickpeas, peas,
lima beans), apples, and corn.®' In 1946, it was published that ewes fed on high sub-
terranean clover-containing pastures had reduced lambing rates due to reduced fertil-
ization rates, increased cystic uterine disease, and increased dystocia.®?
Subsequently, in 1969 phytoestrogens that were estrogenic in mice were also shown
to be estrogenic in ewes.>® Phytoestrogens have been more recently shown to affect
the fertility of male dogs by reducing the number of tubules in the testes, reducing the
spermatogenic epithelium and increasing the numbers of abnormal spermatozoa and
reducing the sperm concentration in ejaculates.>* There is very little research work
done on the effects of phytoestrogens on the fertility of male dogs, with some indica-
tion that the effect is short term and may be reversible; dogs having evidence of
reduced spermatogenesis after 4 weeks of exposure to soy bean diet seemed to
revert to normal spermatogenesis after 52 weeks of chronic exposure to soy bean,
suggesting an adaption to continued phytoestrogen exposure®®; however, the number
of male dogs in the study was small. The author has observed 2 cases of high expo-
sure to phytoestrogen compounds (flaxseed) to previously fertile dogs that has
resulted in irreversible azoospermia (observed unpublished data from author, S Ma-
son, 2016). For this reason, in any animal with poor fertility, it is prudent to obtain a
full dietary analysis of ingredients and avoidance of any high phytoestrogen
ingredients.

Phytoestrogens are compounds that bind to and exert effects on estrogen recep-
tors®® and so will not be detected through estrogen assays in an hCG response
test. Additionally, testing of serum samples from dogs fed high-phytoestrogen diets
for the presence of isoflavones, coumestans, and lignans is neither practical nor
feasible due to difficulties in testing.

It is recommended to not feed a diet containing high levels of phytoestrogens to
stud dogs due to potential effects on fertility. Although not all dogs may be affected
equally,® it is not possible to predict the ones that may or may not be affected by
the phytoestrogens, so it is best to avoid them for all stud dogs.

Effects of Age of Stud Dogs

Anecdotally it is thought that male dogs are most fertile after puberty, between 2 and
5 years of age (observed, unpublished data by author, S Mason, 2006-2023). Although
reductions in progressive sperm motility and percentage of morphologically normal
sperm and increased production of reactive oxygen species (ROS) in semen has
been shown to change with age in the equine,®® the same cannot be said for the
dog.®” Although some smaller studies®® have shown an increase in ROS negatively
correlates with progressive motility and percentage normal morphology values in
canine semen, more recent studies show a trend to this with age but the results
were not significant,®” and others have shown that there is a balance between enough
ROS to maximize progressively motile sperm in dogs and too much ROS, which
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negatively affects the number or morphologically normal spermatozoa in semen sam-
ples, suggesting that the balance of ROS may change with age and help explain why a
decline in semen quality is seen with age in dogs®®; however, more research needs to
be undertaken in this area.

Endocrine Disruptors (Environmental Contaminants)

The effects of environmental contaminants contributing to increasing frequencies of
infertility in man and other species are an emerging and important area of research.®%-¢’
Within the environment high levels of anthropogenic chemicals such as polychlori-
nated biphenyls (PCB) are still found today, despite their use in plastic production be-
ing banned in the 1970s.5? Phthalates (most importantly bisphenol A and PCB) have
been identified as endocrine disruptors and interfere with normal hormonal ac-
tions.?"-3 These chemicals concentrate in pastures either through the application of
contaminated fertilizers and seem to concentrate in herbivorous species that graze
these pastures or through carnivores and omnivores fed meat grown from these pas-
tures. Omnivorous species seem to concentrate less of these chemicals in their
bodies. These same environmental contaminants are also found in water sources,
with heated bottled water appearing to have the highest levels.®* Once concentrated
in the body, these chemicals will then be concentrated into the developing fetuses
of pregnant females, potentially increasing the risk of birth defects or loss of the fetus.?
In male dogs with increasing levels of environmental chemicals there seems to be an
increase in testicular dysgenesis® and cryptorchidism in male pups from animals with
reduced sperm quality.®°

Environmental Temperature

The testicles sit separate to the body as spermatogenesis requires a lower tempera-
ture in which to occur than normal body temperature, by 2°C to 4°C.%® The pampini-
form plexus provides a countercurrent heat exchange mechanism to reduce testicular
temperature from body temperature, and in conjunction with the tunica dartos muscle
regulates the testicles at an appropriate temperature.®” When environmental temper-
atures become high, the maintenance of the appropriate testicular temperature would
be expected to become difficult. When environmental temperatures get extreme
(>35°C/95°F) the motility and percentage of morphologically normal spermatozoa re-
duces, even in animals housed in air-conditioned environments because they still go
outside in the heat to urinate and defecate (observed unpublished data by author, S
Mason 2006-2023). The effect of temperature on sperm quality should also be consid-
ered in show dogs, which may spend extended periods in small crates or show trol-
leys, with a reduced ability to thermoregulate adequately, or those whose grooming
involves prolonged exposure to hot air dryers. In the author’s experience, animals
exposed to persistent chronic high, seasonal environmental temperatures may adapt
to the higher temperatures and the quality of the canine ejaculate may improve by the
end of the summer period. However, it would be expected that the exposure to
extreme heat will result in changes to the testicular spermatogenic cells as is seen
in other species, resulting in permanent changes to sperm quality and output.®6-68

TESTICULAR BIOPSY

It is the author’s opinion to reserve testicular biopsies for cases where the less invasive
testing processes for infertility have been exhausted. Traditionally, it has been recom-
mended to avoid testicular biopsies as the risk of performing FNA, core, or incisional
biopsies breaching the blood-testes barrier and inducing the formation of antisperm
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antibodies must be weighed against the benefits of the testing results.” However,
recent studies have shown no effects on sperm production via FNA®®7° or core biopsy
of the testes using a Trucut (Baxter Healthcare Corporation, Valencia, CA) needle,”""?
possibly due to less tissue trauma when compared with incisional biopsy.”? Although
serum antisperm antibodies are produced in a proportion of dogs undergoing testic-
ular biopsy, the antibodies seem short lived, with antibodies being produced for a
longer period (approximately 4 weeks) when an FNA is performed compared with
core biopsy (2 weeks).”! This difference in longevity of antisperm antibodies may be
due to a higher level of trauma and poorer tissue seal after the procedure with
FNAs.®° Although there is a transient reduction in semen quality while antisperm anti-
bodies are present,”’ this has not been shown to be permanent following biopsy pro-
cedures.”%7"7374 This same transient drop in semen quality has been shown in other
species such as man,”>’® llamas,”” and farm animals.”® Other potential conse-
quences to testicular biopsy are coagulation necrosis, hematoma formation, tubular
degeneration, interstitial fibrosis, and inflammation”"-"?; however, the severity of these
sequelae is less so with the use of the Trucut needle.”?

Animals with severe oligozoospermia or teratozoospermia may benefit from testic-
ular biopsy to ascertain a definitive cause of the oligozoospermia or teratozoospermia.
This has been recommended in humans,”® when other less invasive tests have yielded
no answers. There are no published reports on fertility effects after testicular biopsy,
only on the semen quality after biopsy.”%”""®74 This may be due to the fact that the
humans”767° or animals undergoing the procedure were already infertile and/or
were part of a scientific study in which the animals were castrated at the end of the
study and had histopathology performed on the testicles.”"-7%77:78

Possible results from testicular biopsy include but are not limited to Sertoli cell only
syndrome, orchitis, immune-mediated orchitis, inflammation, and tubular degenera-
tion. The difficult part of testicular biopsies is there is a lack of research studies indi-
cating possible successful treatments, so in many cases anecdotal treatments may be
applied.®8° Recent studies suggest that the most common cause of nonobstructive
azoospermia in dogs may be chronic immune-mediated orchitis.® This begs the ques-
tion as to whether the histological changes seen with azoospermia are the primary
condition or a manifestation of another disease process whether it be infertility from
environmental chemicals®®%? or low-grade bacterial disease®® wherein the primary
disease has since past.

Traditionally, testicular biopsies have been avoided due to perceived risks of the
procedure making the problem worse, or due to the belief “what can be done
anyhow?” However, with evidence that biopsies do not seem to affect future fertility
of the animal, the potential gains in knowledge obtained to help understand why there
is a declining fertility in dogs and other species, well outweighs the risks in the author’s
opinion. Core biopsies are preferred over FNAs to allow the analysis of the histological
structure of the testis. FNAs are limited in value to the presence or absence of infection
or inflammation, and evidence of spermatogenesis occurring. The questions pertain-
ing to reducing fertility and azoospermia suggest that performing testicular biopsies in
dogs with declining fertility rather than waiting until azoospermia is evident may in fact
indicate a disease process that could then be treated and prevent the sequelae of
chronic immune-mediated orchitis; more research is needed in this area and the anal-
ysis of more testicles with declining sperm quality/fertility. Additionally, infertility ap-
pears to be an inherited issue, with many relatives in familial lines becoming
affected,®8"82 so the more data that are obtained earlier in the infertility process,
the more we can potentially understand the heritability of some of these fertility issues
in dogs as inheritance is not yet proven.®?
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SUPPLEMENTS TO IMPROVE FERTILITY
Zinc

Semen zinc levels have been shown to change with sperm quality in dogs and man.??
As the quality of the ejaculate reduces so too does the level of zinc, suggesting that
zinc is required for good quality sperm to be produced.?? Zinc is thought to help pre-
vent chromatin decondensation and has positive effects on sperm motility and antiox-
idant activity of semen.®*%* Zinc may be supplemented at 3 mg/kg daily to enhance
spermatozoa quality and motility.84

Carnitine

Carnitine has effects as an antioxidant to remove acetyl-CoA from mitochondria and
prevent lipid peroxidation of polyunsaturated fatty acids in cell membranes. Carnitine
levels in the semen of infertile men are lower than fertile men,®® suggesting addition of
carnitine to diets of infertile males may improve sperm quality and number when sup-
plemented at 50 mg/kg per day."

Fish Oil

Fish derived n-3 polyunsaturated fatty acids are not synthesized by mammals and
must be provided in the diet. Contrasting effects have been shown, with supplemen-
tation shown to improve sperm counts, motility, and fertility,26-2¢ and others showing
no difference in reducing susceptibility of the sperm membrane to lipid peroxidation,
and no effect on sperm motility and fertility.®° It is recommended to supplement with
fish oil of composition: 25% docosahexaenoic acid and 10% eicosapentaenoic acid®
at 54 mg/kg once daily.®®

Vitamin E

Vitamin E is an antioxidant, which protects the testis from oxidative damage and sta-
bilizes sperm membranes to improve sperm quality. This has been shown in other spe-
cies®9-9 but the effect would be expected to occur in dogs as well. Vitamin E may be
supplemented at 5 mg/kg once daily.®*

Folic Acid

Folic acid (vitamin B9) is essential for the synthesis of proteins and DNA and is not
stored in the body, so must be delivered in food. Its use is more theoretical, with pub-
lications being limited to use in bitches to reduce the incidence of cleft palate puppies
in bitches fed grain-deficient diets.®* Although commonly recommended, there is no
published evidence of folic acid supplementation with sperm quality; however, it is
not expected to be problematic to supplement dogs to improve semen quality.

Semen Analysis and When to Expect Improvement

The process of spermatogenesis can be imagined to be like a long car production line.
During the production process, there are lots of steps along the way and the use of lots
of building blocks to end up with the final product, the car, or in this case the sperm.
The spermatozoa, which are ejaculated from the epididymis are like a snapshot in time
of the sperm production process, and anything that may affect the production process
at any time may manifest in defective products being produced. Some sperm abnor-
malities are produced by primary defects of the testicles and epididymis; others are
the result of inadequate testicular function, or are the manifestation of some sort of
insult including iatrogenic insults.

Spermatogenesis in the dog consists of 4.5 cycles (each cycle is 13.6 days®) resulting
in a 62-day process plus 2 weeks epididymal transit time. This means to go from a single
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cell to a single ejaculated fertile sperm, the process will take 76 days, or approximately
11 weeks. Through a series of mitotic divisions of spermatogonia more spermatogonia
are produced to replace themselves and others produced go on to produce spermato-
zoa. The first spermatogonia (A1), divide to produce A2 spermatogonia that divide to pro-
duce A3 spermatogonia, which divide to produce A4 spermatogonia that divide to
produce | spermatogonia that divide to produce B spermatogonia. B spermatogonia,
through another mitotic division, give rise to primary spermatocytes that undergo the first
meiotic division to produce haploid secondary spermatocytes. Through a second meiotic
division, secondary spermatocytes give rise to spermatids. Spermatids are haploid and
gothrough a series of changes to form spermatocytes. The time taken to form spermatids
from A1 spermatogonia takes 3.5 cycles, or 48 days in the dog. Defects in the sperm head
can result from any disruptionin these first 48 days. Through the next 14 days of the sperm
cycle, which beings as the Golgi phase (which is responsible for the beginning of the acro-
some formation) through to the end of the spermatogenic cycle (after the maturation
phase) of the spermatid to produce the spermatozoans that are finally released from
the Sertoli cells into the lumen of the seminiferous tubule. Defects in the tail will usually
be from issues with the formation of the tail, so the last 12 days of the spermatogenic cycle
and the next 14 days of epididymal transit time.

As the spermatozoa migrate through the epididymis, the cytoplasmic droplet, which
forms as a package of waste material from the original spermatogonia that are no longer
required by the developed spermatozoa, under the head of the sperm, migrates from a
proximal position on the midpiece to a distal position on the midpiece and allow the
spermatozoa to attain motility. Distal droplets are removed during the ejaculation pro-
cess and are often seen detached from the spermatozoa during a semen motility exam-
ination. Defects in migration of the cytoplasmic droplet may be due to the inappropriate
release of immature sperm, or a problem with epididymal motility or low-testosterone
levels, all of which are required for migration of the cytoplasmic droplet and attainment
of motility by the spermatozoa. Spermatozoa containing distal cytoplasmic droplets do
not seem to affect the fertility of fresh semen in dogs; however, they seem to affect the
post-thaw motility of frozen semen samples suggesting they will affect the fertility of
frozen semen samples containing a high proportion of distal cytoplasmic droplet sperm
(observed, unpublished data by author, S Mason, 2006-2023). In contrast, semen sam-
ples containing a high proportion of proximal cytoplasmic spermatozoa will be ex-
pected to have reduced fertility due to the ability of these proximal droplet
spermatozoa to compete with normal sperm and also to fertilize oocytes and prevent
cleavage of these fertilized oocytes.®® A discussion of other abnormalities and effects
of the abnormalities is discussed in a previous article in this periodical.’

As should be clear, any event at any point in time will potentially affect the quality of
the spermatozoa released by the male. Table 2 indicates the time to reassess semen
wherein a reduction in the defect would expect to be seen if there was a single insult to
the process of spermatogenesis.

Table 2

Morphological defects of spermatozoa and anticipated time to resolution

Defect Time to Analyze to Expect Improvement
Head and midpiece primary defects 14-76 d depending on stage of insult
Tail defects 14-28 d depending on stage of insult
Proximal droplets 14d

Distal droplets 7d

Detached heads 1-4d
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Detached heads are an interesting defect, which are usually a result of epididymal
dysfunction. Because there is a continuous production of spermatozoa, there should
be a continuous efflux of “old” spermatozoa from the epididymis and passed in the
urine. In some animals, the male suffers from epididymal dysfunction wherein the
spermatozoa are not removed from the epididymis and remain there too long and
eventually they start to degenerate, and the head neck junction becomes weak, and
the heads detach from the tails.'® In these animals, if the semen sample is collected
daily and the sperm analyzed, then it would be expected after 2 to 4 days that the
old sperm are removed and what are then ejaculated are “nonstagnant” appropriately
mature sperm, that is, the proportion of sperm with detached heads will reduce and in
turn improve the fertility of the male in question.

Although morphological assessment of sperm is imperative in any infertility inves-
tigation, the classification of the types of abnormalities used by different authors can
be confusing. Many authors classify sperm defects as primary or secondary abnor-
malities. Primary abnormalities are defects created by abnormal production from the
testicles, whereas secondary abnormalities are defects caused by epididymal
dysfunction or processing and handling after ejaculation. The author finds this
nomenclature confusing, as for some defects like proximal droplet sperm, they could
be due to a defect of the sperm formation (primary) or a defect of the epididymis
(secondary). The author prefers the use of the terms compensable and noncompen-
sable defects, wherein compensable defects are those wherein if enough normal
sperm are added the defect would be overcome and fertilization of oocytes would
be expected, an example of this would be coiled tail sperm or detached head sperm,
where adding more normal sperm would overcome the deformed spermatozoa.
Noncompensable defects are those wherein adding more normal sperm would not
overcome the defective sperm. An example of noncompensable spermatozoa would
be proximal droplet sperm as they interfere with, and prevent the function of the
normal sperm in the ejaculate when there is a high proportion of proximal droplet
sperm.®’

If the observed sperm defects are not improved in the appropriate period as above,
then it is assumed the defects were not due to a one-off assault and more involved
fertility assessments as described earlier should be undertaken.

SUMMARY

Assessment of semen in a male infertility investigation is just a small proportion of the
workup that can be undertaken. Assessment of semen to confirm a problem regarding
azoospermia, oligozoospermia, or teratozoospermia is imperative to ascertain if there
is a semen issue or not. If the spermiogram is normal, then in most cases this will rule
out the male as a cause of infertility. To investigate male infertility issues then the less
invasive tests should be conducted before the more invasive tests. It is recommended
to analyze the diet of the dog, perform quantitative AP analysis if suggested, semen
culture, reproductive ultrasound, and hCG response testing before the more invasive
testing of testicular biopsy, which must be performed under anesthesia. If indicated, it
may be worthwhile to perform testicular biopsies early in the course of the disease
before azoospermia has ensued.

CLINICS CARE POINTS

e AP levels are high in normal ejaculates of dogs.
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e Hormone response testing allows clinicians to assess the dogs response to stimulation with

respect to hormone levels.

e Testicular biopsies early in investigation procedures increases the chances of finding

something fixable.

¢ Response to treatment for poor spermiograms is a protracted process of 2-4 months.
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