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Abstract

Tamoxifen is a synthetic, nonsteroidal Type I antiestrogenic compound that competitively blocks

estrogen receptors with a mixed antagonist–agonist effect. The manifestation of these different

actions depends on each species, organ, tissue and cell type considered. Very little is known about

the effect of antiestrogens in dogs. The objectives of this study were to determine the effects of

tamoxifen citrate on some testis, prostate, hormone, and semen parameters in seven Beagle dogs

with uncomplicated spontaneous benign prostatic hyperplasia. Two dogs were normospermic, four

were oligozoospermic, and one was azoospermic. The dogs were allocated to a control pre-

treatment period, followed by a treatment period, and five post-treatment periods (the duration of

each period was 4 weeks). During the treatment period, 2.5 mg tamoxifen citrate was given p.o.

daily for 28 days to all the dogs. Maximum scrotal width, testicular consistency, libido semen

parameters, prostatic volume, serum testosterone concentrations, and side effects were assessed.

Tamoxifen negatively affected testis size and libido (P < 0:01), and decreased prostatic volume

(P < 0:02) and testosterone concentrations during treatment. Semen quality deteriorated to nadir

values (P < 0:01) approximately one spermatic cycle after treatment and returned to pre-treatment

values on the second cycle after treatment in all the dogs, except one young oligoazoospermic dog,

in which the sperm count was higher (P < 0:01) at that time. No side effects were observed and

fertility was conserved at the end of the study. Tamoxifen acted more like an agonist than antagonist

on the gonadal axis and, therefore, upon both the prostate and testis. Therefore, tamoxifen may have

therapeutic applications in dogs.
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1. Introduction

Tamoxifen is a synthetic nonsteroidal Type I antiestrogenic compound that competi-

tively blocks estrogen receptors with a mixed antagonist–agonist effect. Type I estrogen

antagonists partially inhibit the action of agonists, but due to their own agonistic properties,

they also induce some estrogenic responses [1]. The manifestation of these different

actions depends on each species, organ, tissue, and cell type [1]. In humans, tamoxifen

exerts antiestrogenic activity on the mammary gland and agonistic effects on the uterus [2].

The exact mechanisms of this duality are not completely understood, but they may depend

on the expression of specific cell estrogen receptor variants [1]. Adverse reactions of

antiestrogens described in humans include nausea, vomiting, vertigo, and weight gain [3].

Very little is known about the effect of antiestrogens in dogs, and all the studies have been

carried out in bitches, where it acts more like an agonist than antagonist [4–6].

Antiestrogens, e.g. clomiphen and tamoxifen, are prescribed for the treatment of

idiopathic oligo/azoospermia in men [7]. In humans, antiestrogens interfere with the

normal negative feedback of sex steroids at the hypothalamus and pituitary, thereby

increasing endogenous gonadotropin-releasing hormone (GnRH) secretion from the

hypothalamus and follicle stimulating hormone (FSH) and luteinizing hormone (LH)

secretion directly from the pituitary. In turn, LH stimulates Leydig cells in the testes; this

has been claimed to increase local testosterone (T2) production, thereby boosting sper-

matogenesis, with a possible improvement in fertility [8,9].

There are contradictory data in the literature regarding improvement of semen quality

with these treatments in humans [10–13]; similar studies in dogs are lacking. It has been

hypothesized that dogs with partial seminiferous tubule failure in which FSH is still normal

or slightly elevated may respond to clomiphene or tamoxifen treatment and drug regimes

have been recommended for such dogs [14].

Tamoxifen citrate has also been used empirically by practitioners for the treatment of

benign prostatic hyperplasia (BPH) in dogs (unpublished data), although no controlled trial

has been carried out to test its efficacy and safety for this purpose. Development of safe and

economic alternatives to medically manage canine BPH are necessary for dogs in which

orchidectomy is risky or undesirable.

The objective of this study was to test the effect of tamoxifen citrate upon some testis,

prostate, hormone, and semen parameters in dogs.

2. Materials and methods

2.1. Animals

Seven clinically healthy Beagle dogs, 4–11 years of age, weighing 12–14 kg, were used

for a 28-week interval. The dogs had been living in kennels (with outside access), fed a

commercial dog food and given water ad libitum, and were previously trained for manual

semen collection.

All dogs had normal libido and testosterone response after hCG challenge [15] and

presented spontaneous uncomplicated BPH (prostatic volume >10 ml [16] and negative
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sperm routine culture). Two dogs were normospermic (total sperm count >200 � 106 [15]),

four were oligozoospermic (total sperm count <200 � 106 [15,17]) and one was azoos-

permic.

2.2. Pre-treatment, treatment, and post-treatment periods

The dogs were used as their own controls and, therefore, allocated to a control

pre-treatment period, followed by a treatment period and five post-treatment periods of

4 weeks each; therefore, there were approximately two sperm cycles of follow up after the

treatment period [18]. During the treatment period, tamoxifen citrate (Tamoxifeno1,

Filaxis, Martinez, Argentina) was given at a total dose of 2.5 mg p.o. daily for 28 days to all

dogs.

2.3. Testicular and libido examination

Maximum scrotal width (cm), testicular consistency, and libido were evaluated once

weekly throughout the study. Testicular consistency was classified as normal, soft, or firm.

Libido (sexual arousal during manual stimulation) was subjectively assessed on a scale of

0–3, where 3 represented rapid erection and thrusting movements, 0 represented neither

erection nor ejaculation, and 1 and 2 were gradations between.

2.4. Semen analysis

Semen was collected weekly throughout the study by manual stimulation in the presence

of a bitch. The second and third fractions were collected in prewarmed glass tubes and

volume recorded. A drop of second fraction was placed on a warmed glass slide and the

percentage of spermatozoa with forward progressive motility was assessed subjectively at

400� [19] and classified according to their vigor as normal progressive (3), slow motion

(2), moving locally (1), or nonmotile (0).

Total sperm number was assessed in an aliquot of semen diluted 1:100 using an

improved Neubauer hemacytometer counting chamber and the total sperm output was

calculated by multiplying the concentration by the volume of the second fraction.

Morphology was evaluated by smearing a drop of semen on a glass slide, allowing

the slide to dry, and staining with Giemsa stain and examining under magnification

more than 100 spermatozoa [19–21]. Percentage of morphologically normal sperm

and sperm with primary and secondary abnormalities were determined in each sample

[19].

2.5. Transabdominal prostatic ultrasonography

Prostatic volume (ml) was assessed on the last week pre-treatment and treatment

periods, and then on Weeks 5, 10, 14, and 19 after treatment by transabdominal

ultrasonography (Pie Medical S100, 5 MHz transducer, Maastricht, The Netherlands)

according to Kamolpatana et al. [22]. Ultrasonographic character of prostatic parenchyma

was also monitored and classified as normal or hyperechoic [23].
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2.6. Blood sampling and hormone assay

Blood samples from peripheral venepuncture were drawn before and 4 h after 500 IU

i.m. of human chorionic gonadotropic (hCG; Endocorion1, Elea, BsAs, Argentina) for T2

determinations [15] before and on Week 4 of treatment and 28 days after treatment in four

of the dogs. All the samples were centrifuged for 15 min, serum obtained and stored at

20 8C until assayed.

Serum T2 was measured by radioimmunoassay, using a solid phase kit (Coat-A-Count,

DPC1, Los Angeles, CA, USA). For this kit, the sensitivity at 95% binding was 0.04 ng/dl

and the intra-assay CV was 5.9%. All samples were measured in the same assay.

2.7. Post-treatment fertility

Post-treatment fertility was assessed in three dogs by permitting two natural matings

every 72 h to previously fertile female Beagles during behavioral estrus 17–20 weeks after

treatment.

2.8. Side effects

The presence of previously reported digestive side effects was recorded during the 28

weeks of the study in all the dogs [3]. Blood samples were taken as described above and

collected in tubes with EDTA as anticoagulant for complete blood count analysis and

platelet count once weekly for 6 weeks beginning 1 week before tamoxifen treatment in

four dogs. The analyses were performed on the day of collection.

2.9. Statistical analysis

No significant differences (PROC GLM, SAS1; 1989) in all the studied parameters,

except for sperm count, were found among dogs at the beginning of the study and,

therefore, they were analyzed together.

Prostatic volume percentage changes [((value of different week (treatment, and 5, 10, 14,

and 19 after treatment) � value of pre-treatment week)/pre-treatment week) � 100] were

analyzed by least squares analysis of variance using the General Linear Model Procedure

(PROC GLM, SAS1; 1989). The mathematical model included the main effect of week

(pretreatment, treatment, and 5, 10, 14, and 19 after treatment, n ¼ 6).

Scrotal width, sperm fraction volumes, primary and secondary semen abnormalities, and

motility during the pre-treatment, treated, and the five post-treatment periods (1 [Weeks

1–4]; 2 [Weeks 5–8]; 3 [Weeks 9–12]; 4 [Weeks 13–16]; and 5 [Weeks 17–20]) were

analyzed by the same procedure as described before but including in the mathematical

model the main effect of period (pre-, treated, and the five post-treatment periods, n ¼ 7).

Sperm count was analyzed for each group (normal count [n ¼ 2] and oligozoospermic

[n ¼ 4]) by the same procedure. In all cases, orthogonal contrasts were used to test

differences among selected biologically significant week or periods, respectively.

The frequency of dogs achieving side effects (present or absent), different grades of

libido (0, 1, 2, 3) and sperm motility vigor (0, 1, 2, 3), testicular consistency (normal or
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abnormal) and post-treatment fertility in the different periods were analyzed in all the dogs

(n ¼ 7) by categorical data analysis (PROC CATMOD, SAS1; 1988).

Descriptive statistic for blood parameters was carried out by (PROC MEANS, SAS1;

1988). In all cases, results were expressed in least squares means ðLSMÞ � S:E:M. The

level of significance was set at 0.05.

3. Results

Prostatic ultrasonographic volume changed during the study period (P < 0:02); it

quickly decreased in all dogs, so that it was significantly different from pre-treatment

values. Then, prostatic volume increased gradually and came back to pre-treatment values

5 weeks after treatment (Fig. 1). Prostatic parenchyma appeared normal to uniformly

hyperechoic throughout the study.

Volume of the third (prostatic) fraction of the ejaculate decreased (P < 0:01) to a few

drops or was absent during and 1 month after treatment. It subsequently returned gradually

to pre-treatment values and was higher (P < 0:01) at the end of the study (Fig. 2).

Maximum scrotal width began to significantly decrease during the treatment period and

was the least on the first month after treatment, then it increased to pre-treatment values

(P < 0:01). Testes became soft 1–2 weeks after the beginning of tamoxifen treatment to 4
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Fig. 1. Prostatic volume percentage change (LSM � S:E:M:) assessed by ultrasonography in seven Beagles

dogs treated with tamoxifen citrate for 28 days. Days were monitored 4 weeks before treatment and 19 weeks

after treatment. Different symbols indicate biologically selected statistically significant differences.
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weeks after the end of the treatment; consistency then returned to pre-treatment normalcy

(Fig. 3).

Libido decreased (P < 0:01) from the second week after beginning of the treatment,

was nonexistent in most dogs at the end of treatment, and then returned gradually to

pre-treatment behavior from Week 2 after treatment (Fig. 4).

Volume of the second (spermatic) fraction of the ejaculate began to decrease from the

second week of treatment and was nearly absent during and the first period after treatment,

and then increased to pre-treatment volumes (P < 0:01; Fig. 2). In some dogs, the second

and third fractions of the ejaculate were difficult to distinguish and separate during the first

ejaculations after treatment-induced aspermia.

Sperm count in the two normal dogs was significantly different among the different

periods (P < 0:01; Fig. 5). The pre-treatment period was significantly higher than

treatment and the first two periods after treatment, and then increased gradually to

pre-treatment values by the end of the study.

The azoospermic dog remained the same throughout the study. In the four oligoazoos-

permic males a different response was clearly seen between the three old dogs (>7 years)

and the remaining young dog (4 years). They were, therefore, illustrated and analyzed

separately. In both subgroups (young and old) sperm count changed (P < 0:01) as in

normal dogs, up to the fourth period after treatment. However, in the last period of the
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study, in the young dog sperm count increased (P < 0:01) compared to pre-treatment

values, whereas in the old dogs it returned to the pre-treatment level (Fig. 6).

Significant reductions in sperm motility and vigor were present in all dogs up to two

periods after treatment, when they reached the nadir values. Then, they returned gradually

to pre-treatment values (or even higher) at the end of the study (Fig. 7).

The percentage of primary morphological abnormalities significantly increased from the

treatment period up to two periods after treatment, when they reached a maximum, with a

subsequent decreased (not significant) to values slightly below pretreatment at the end of

the study. The change was partly due to a marked increase in the number of spermatozoa

with head abnormalities and proximal cytoplasmic droplets. Secondary abnormalities did

not change significantly during the study, although they increased rapidly during treatment,

and then regained pre-treatment percentages (Fig. 8). Among the secondary abnormalities

tail defects (bent and coiled tails) predominated.

Serum (LSM � S:E:M:) T2 concentrations before and after hCG challenging tests

before, during, and one period after treatment are shown in Fig. 9.

Tamoxifen citrate was well tolerated by all the dogs and no clinical side effects were

observed during the study. All hemogram and platelet parameters remained within the

normal range during the study period. The bitches that were bred with the three dogs that

gained normal sperm count (two normospermic and the young oligospermic) between 17

and 20 weeks after treatment became pregnant and whelped normal litters.
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4. Discussion

BPH is a common, age-related condition in dogs, with 80% of intact males over 5 years

affected [24]. Although castration is an effective treatment for BPH, economic, effective,

fast-acting therapeutic protocols are still needed for dogs at high risk for surgery or for

those that may be subsequently used for breeding. Several medical options, like progesta-

gens, estrogens, and 5a-reductase inhibitors, have been indicated for BPH [25]. Long-

term progestagen treatment effects on pancreatic and adrenocortical function are

unknown. Estrogens may cause prostatic enlargement due to squamous cell metaplasia

and also suppress hematopoesis [26]. Finasteride, a 5a-reductase inhibitor, is expensive

and has a slow action, with a delay of at least 2 months before an effect is evident [16].

The effect of antiestrogens, like tamoxifen, on the hyperplasic prostate has not been

previously described in dogs. In this study, tamoxifen rapidly decreased prostastic volume,

resembling the action previously described for ethinyestradiol [26]. Like low doses of

estrogens, tamoxifen could indirectly affect the prostate by inhibiting the gonadoptropic

activity of the anterior pituitary gland through a negative feedback mechanism, thereby
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decreasing androgen production, with a subsequent decrease in prostatic size [26]. The

temporary suppression of prostatic secretion was due to reduced gland volume.

Although further work with prolonged administration on a larger number of animals is

necessary, this tamoxifen therapeutic protocol could be considered a safe and effective

therapeutic option when a quick response is necessary (e.g. obligate postponement of

orchidectomy to improve the general health of a dog, acute prostatitis associated with

BPH). A rapid treatment response for this purpose has not been previously obtained with

other drugs [16,26,27].

Oligospermia and azoospermia are possible findings of the breeding soundness exam-

ination or the pre-freezing semen evaluation of stud dogs. Although they can be caused by a

wide variety of etiologies [28] often no reason can be identified and they are classified as

idiopathic. In dogs with testicular problems in which specific therapy is not possible, a

great variety of therapeutic measurements, including antiestrogens, have been suggested as

an extrapolation from treatments in men [14].

The effect on germinal epithelium, duration and dose of tamoxifen in dogs has not been

established. The dose of tamoxifen used in this trial (�0.2 mg/kg) was selected according

to previous pilot studies (unpublished data). The etiology of the azoospermia and
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oligozoospermia in these otherwise healthy dogs was not established but could have been

due to a physiological, age-related phenomenon in at least four of the dogs [29,30].

Tamoxifen treatment led to softening and a reduction in size of testes during and up to 1

month after treatment. Soft testes have been associated with abnormal spermatogenesis

[31]. Except in the azoospermic dog that remained the same throughout the study, sperm

count in all the dogs was nil or decreased to far below that required for fertility [32]

for approximately one spermatic cycle after treatment and subsequently returned to

pre-treatment concentrations on the second spermatic cycle.

Semen deterioration and lack of libido was probably due to the suppression of

gonadotrophin release, with a concomitant negative effect on spermatogenesis. These

results resembled in time and response to those provoked by low doses of ethinylestradiol

used for 4 weeks in three dogs in a previous study [26].

Based on the present results, with further testing, tamoxifen may become an effective,

safe, and quick method of reversible contraception in this species. High doses of

progestins or androgen administration have shown to suppress spermatogenesis in

dogs while preserving libido [33]. The control of male sexual behavior is essential

when treating working or show dogs and even male dogs housed with intact females.

Moreover, the reversibility of this protocol was confirmed by proved fertility in all the

dogs tested.
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An increase in head defects and proximal droplets and a decrease in second fraction

volume peaked one spermatic cycle after treatment. Therefore, tamoxifen affected testes

probably by suppression of gonadotrophin release, with a concomitant negative effect on

spermatogenesis.

That secondary abnormalities first appeared 7 days after initiation of treatment indicated

that these defects arose during the epididymal transit and that tamoxifen, directly or

indirectly affected epididymal function, similar to ethinylestradiol [26]. The decrease in

sperm motility and vigor also indicated that epididymal function rapidly deteriorated

during treatment. In most species, the time taken for spermatozoa to pass through

epididymis is approximately 14 days [34].

The only one young oligoazoospermic dog used in this study had an increased to

normal sperm count on the second spermatic cycle after treatment. Age-related

differences on semen effects were previously reported in dogs treated with low doses

of ethinylestradiol [26]. Testosterone has been used in oligospermic men to cause

azoospermia and when stopped, caused an increase in total sperm output higher than

at the beginning of the therapy [35]. Furthermore, in all dogs, a slight improvement

in motility, vigor, and primary abnormalities were detected at the end of the study.

These results warrant further studies in a larger number of oligoazoospermic animals to
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test the efficacy of tamoxifen to improve semen quality. The improvement of semen

characteristics would not only be useful to optimize reproductive performance during

breeding management, but also when freezing semen or using any assisted reproductive

technology.

Testosterone challenge tests were performed during different periods of the study to

evaluate the hypothalamic-pituitary gonadal axes. Human chorionic gonadotrophin

stimulation test permitted assessment of maximal testicular capacity to secrete T2 [36].

In the pre-treatment period, post-hCG stimulation T2 had a normal increase (>50%; [15]).

A lack of normal response to hCG during treatment was compatible with an estrogen-like

effect of tamoxifen on the gonadal axis [36]. A transient suppression of testicular synthesis

of T2 may be considered during treatment, resulting in a slight stimulation of T2 synthesis

in the post-treatment period. It is then hypothesized that tamoxifen may have an estrogenic

effect in dogs, having a negative feedback effect at the hypothalamic-pituitary level,

resulting in lower plasma FSH and LH levels and consequently lower plasma T2

concentrations. Conversely, when the tamoxifen effect is withdrawn, a temporary over-

shoot of the pituitary effects occurs.

Finally, it was important to determine whether this protocol caused estrogen-like

suppression of the bone marrow. Consistent with previous studies with the same drug,

no hematological abnormalities were found during the testing period [6,26].
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In the present study, tamoxifen induced an estrogenic-like response, acting more like an

agonist than antagonist on the gonadal axis and, therefore, upon both the prostate gland and

testis. These effects, along with minimal adverse reactions, indicated that tamoxifen may

have some therapeutic applications in this species that warrant further research.

Acknowledgements

The authors thank Filaxis, Argentina, for supplying tamoxifen citrate and Holiday Scott

SA, Argentina, for providing dog food.

References

[1] Hoffmann B, Schuler G. Receptors blockers—general aspects with respect to their use in domestic animal

reproduction. Anim Reprod Sci 2000;60/61:295–312.

[2] Jordan VC. The role of tamoxifen in the treatment and prevention of breast cancer. Curr Probl Cancer

1992;16:129–76.
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