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ABSTRACT. Urethral sphincter mechanism incompetence (USMI) is a common cause of urinary
incontinence in dogs. Although estrogen is often prescribed for the medical therapy of USMI

for spayed female dogs, they are known to have limited effectiveness and potential adverse
effects. In castrated male dogs with USMI, testosterone reagents have been attempted besides
estrogen. In this study, the effect of testosterone drugs, mainly methyltestosterone, on spayed
female dogs with USMI was retrospectively evaluated. Ten spayed female dogs with USMI were
included. Diagnosis of USMI was based on the results of the dogs’ medical history, clinical signs,
and no abnormalities in physical examinations, urinalysis, ultrasonography, X-ray imaging, and
neurological examinations. Methyltestosterone was administered at doses of 0.32-1.27 mg/kg BW
J. Vet. Med. Sci. p.o. semel in die (sid.) to twice a week. Nine of the ten dogs had good or excellent responses 2 to
83(2): 274-279, 2021 4 weeks after the start of treatment. The minimum effective dose was 0.32 mg/kg/day. Although
o - no severe adverse symptoms occurred in any dog, a mild increase in alanine aminotransferase
doi: 10.1292/jvms.20-0515 was temporally observed at doses of 1.0 and 1.1 mg/kg/day in the two dogs. After dose reduction
or withdrawal, two of eight dogs had recurrence of urinary incontinence. Resumption of
testosterone treatment clearly improved the symptoms in the two dogs. These results indicate
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Urethral sphincter mechanism incompetence (USMI), earlier known as hormone-responsive incontinence, is a common cause of
urinary incontinence in dogs. Based on etiological data, USMI occurs in 5% to 20% of spayed female dogs [2—4, 10, 12]. Although
the mechanism for the development of USMI has not been completely elucidated yet, it could be attributed to low urethral closure
pressure along with a decrease in sex steroid use [16, 23]. In general, phenylpropanolamine (PPA) and/or estrogen analogues are
prescribed for the medical therapy of USMI for spayed female dogs [2—4, 10, 12]. However, it is difficult to commonly use PPA
in Japan because this drug is not provided by manufacturers in this country. It is also known that the response rate of estrogens is
not very high (approximately 18-65%) [14, 23]. Moreover, estrogen treatment should be carefully considered because it can have
potential adverse effects, such as bone marrow suppression and myelotoxic effects [13, 14, 20]. In castrated male dogs with USMI,
testosterone reagents have been attempted in addition to estrogen [1, 5, 9, 19]. Although testosterone is also known to have other
potential adverse effects, no side effects have been reported. Therefore, in this study, the clinical efficacy and adverse effects of
testosterone analogues on spayed female dogs with USMI were investigated.

MATERIALS AND METHODS

Case selection

The cases were retrospectively identified by examining the medical records of the University of Tokyo-Veterinary Medical
Center (UT-VMC) covering the period between 2013 and 2019. The diagnostic protocol, inclusion criteria, and treatment methods
of methyltestosterone were based on previous reports [1, 19]. Signalment, symptom history related to urinary incontinence, results

*Correspondence to: Yonezawa, T.: ayone@mail.ecc.u-tokyo.ac.jp
©2021 The Japanese Society of Veterinary Science

®®@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
@ T License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

274


https://creativecommons.org/licenses/by-nc-nd/4.0/

The Journal of
Veterinary

Medical
Science TESTOSTERONE THERAPY FOR USMI FEMALE DOG

of urinalysis, and imaging studies were recorded. USMI was holistically diagnosed based on the results of the dogs’ medical
history, clinical signs of involuntary leakage of urine noted by the owner, and no abnormalities in physical examinations, urinalysis,
ultrasonography, X-ray imaging, and neurological examinations. Dogs were excluded when they had any other causes of urinary
incontinence, such as bladder or urethral calculi, urinary tract neoplasm, urinary tract infections, ectopic ureters, and neurologic
dysfunction. Urethral pressure profilometry was not performed in any of the dogs and was not used as an inclusion criterion. After
they were diagnosed with USMI, the dogs were treated with methyltestosterone (Enarmon tablet 25 mg, Aska Pharmaceutical Co.,
Ltd., Tokyo, Japan).

Data collection

Information about the signalments and other treatments initiated for urinary incontinence, treatment doses of testosterones,
dosing interval, clinical responses, and any adverse effects were collected from the dogs’ medical records. When the patient did not
return to UT-VMC before the discontinuation of methyltestosterone treatment or improvement of clinical signs, the owners and the
current vets were asked to complete a telephone questionnaire.

Follow-up questionnaire

A follow-up questionnaire was also designed based on the study by Palme et al. [19]. Owners were asked to report any adverse
effects noted during the administration of testosterone as well as time to clinical remission and length of response to it, if noted.
Additionally, owners were asked to score their satisfaction with their dog’s response to the drug from 1 to 4, by (1) indicating
complete dissatisfaction due to no response (poor), (2) indicating only slight response (fair), (3) indicating that the animal was now
continent most of the time (good), and (4) indicating full satisfaction due to complete continence (excellent).

RESULTS

Ten spayed female dogs were included in the present study, as shown in Table 1. Continuous and intermittent dripping occurred
in four and three dogs, respectively, while intermittent dripping only during recumbency occurred in three dogs. The median age of
sterilization for these ten dogs was 8 months (range: 6 months to 5 years) and that of the first clinical signs of urinary incontinence
was 3 years 8 months (range: 1 year 11 months to 16 years 11 months). Case G was previously treated with oxybutynin
hydrochloride and bethanechol chloride for 1 month, but these drugs were not effective and were discontinued 2 weeks before she
came to UT-VMC.

In Table 2, the doses and responses to methyltestosterone are shown. Note that the order of the cases was rearranged from Table
1 according to their response. The median time from onset to start of testosterone treatment was 17 weeks (range: 2 weeks to 11
months). The median of a single dosage was 0.9 mg/kg (range: 0.32—1.27 mg/kg) p.o. as the first treatment. While eight of them
received a dose of once a day, two of them were treated every other day (eod.) or twice a week (Cases E and I). No dogs received
any other concurrent medications. The median of the first follow-up interview date was three weeks later (range: 2—4 weeks). One
of them indicated a poor response, and the treatment was discontinued upon the owner’s request (Case D). Nine out of ten owners
reported a partial or complete improvement of their dogs at that time. Moreover, all these nine dogs showed excellent responses
from three to 18 weeks after the start of the treatment.

When the symptoms disappeared completely, five of the nine dogs (cases C, H, A, G, and E) stopped the prescription at once
and had no recurrence of symptoms or adverse effects during the observation period. In nine of the ten dogs except for Case I, the
plasma levels of alanine aminotransferase (ALT), alkaline phosphatase, blood urea nitrogen, and creatinine levels were investigated
on the first follow-up day. Seven out of these nine dogs did not have any adverse effects (cases A, C, D, E, F, G, and H). In Case
J, methyltestosterone treatment was temporally suspended from the first follow-up day because the ALT level increased to 306 U/L
Four weeks after the suspension, the ALT level improved to the reference range. Then, the same treatment was resumed. Since
the symptoms completely disappeared two weeks after resumption, the frequency was reduced to eod. for seven weeks, and then

Table 1. Patient information at the start of methyltestosterone treatment

Type of Age to be Age at Previous Response to previous
Dog Breed . .
incontinence spayed (year) onset (year) treatment treatment
A Border Collie Continuous dripping 0.6 1 None -
B Labrador Retriever ~ Continuous dripping 1 6 None -
C  Toy Poodle Continuous dripping 0.5 7 None -
D  Shiba Continuous dripping 5 12 None -
E  Bichon Frise Intermittent 1 2 None -
F  French Bulldog Intermittent 0.7 2 None -
G Mixed Intermittent Unknown 3 Oxybutynin, Poor
Bethanechol
H  Jack Russell Terrier  Intermittent during recumbence 0.5 2 None -
I Samoyed Intermittent during recumbence 0.7 3 None -
J Bichon Frise Intermittent during recumbence 0.5 16 None -
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the prescription was withdrawn. No further symptoms or strong ALT elevation was observed. In Case B and Case F, the treatment
frequency was reduced from semel in die (sid.) to twice a week or eod., when the symptoms completely disappeared seven and
four weeks after the start of treatment, respectively. However, these two cases had recurrence of urinary incontinence one—two
weeks after reduction. Then, the frequency was returned to sid. in Case B. In Case F, testosterone enanthate (Enarmon Depot, Aska
Pharmaceutical), a testosterone ester drug, was used instead of methyltestosterone. It was administered intramuscularly every three
weeks. Case F recovered completely around two weeks after rearrangement. The dog continued the medication with no recurrence
during the observation period. In Case I, methyltestosterone was administered twice a week from the start. While she had an
excellent response 17 weeks after the first prescription, she continued the same treatment.

DISCUSSION

In this study, we collected ten case reports to evaluate the clinical efficacy and adverse effects of testosterone on USMI female
dogs. As described above, the common medical therapies for USMI in dogs are PPA and/or estrogens. The response rate of
estrogens in spayed female dogs has been reported to be 18—-65%, while that of PPA has been as high as 85-90% [3, 14, 17]. In
previous reports, testosterone improved the symptoms of urinary incontinence in three of eight and one of five castrated male dogs
with PPA/estrogens-resistant USMI [1, 19]. In this study, methyltestosterone administration clearly improved the symptoms in nine
of the ten spayed female dogs with USMI. This result apparently shows that the efficiency of testosterone could be better in spayed
females than in castrated males. However, PPA or estrogen-resistant cases were included in those previous studies, while nine of
ten cases in this study had not been prescribed PPA or estrogen prior. The treatment response rate in this study could not be simply
compared with those reported in the previous studies. Nevertheless, this data suggests that testosterones should be substantially
effective for USMI in spayed female dogs.

The actual dosage of methyltestosterone was not described in previous reports of castrated male dogs with USMI [1]. According
to Plumb’s veterinary drug handbook, it can be treated at 0.5 mg/kg BW p.o. sid. for urinary incontinence in castrated male dogs
as anecdotal dosage [20]. It has also been suggested that methyltestosterone can be administered at 1.0-1.1 mg/kg BW p.o. sid. or
eod. for other disorders such as hormone-responsive alopecia [20]. In this study, the drug was administered to spayed female dogs
at various doses and frequencies such as 0.32—1.27 mg/kg BW p.o. sid. to twice a week. There was no clear correlation or tendency
between methyltestosterone dosage and effectiveness, intensity, or response latency. Although the minimum effective dose was 0.32
mg/kg BW, one case treated at a dose of 0.9 mg/kg BW had a poor response. Desirable frequency is still controversial based on our
results. However, several cases recovered well at eod. or twice a week treatment, the reduction of treatment frequency from sid.
to eod. caused recurrence and resumption of sid. treatment improved the outcome in one patient. Taken together, no conclusions
can be drawn about the optimal dosing or number of treatments necessary to achieve the best response. Presumably, the best
performance should be achieved with approximately 0.5 mg/kg BW p.o. sid. for spayed female dogs with USMI.

Testosterone ester is also commonly used as a long-lasting prodrug of testosterone. The optimal dosage for USMI in castrated
dogs is reported to be intramuscular injection at 1.0-2.2. mg/kg every 3—6 weeks as testosterone cypionate [19]. In this study,
testosterone enanthate, a testosterone ester, was used instead of methyltestosterone in one case with recurrence of USMI. This case
had been initially treated with methyltestosterone and showed a good response. After reduction of the treatment frequency from
sid. to eod., the symptoms recurred. Since methyltestosterone production was stopped by the manufacturer at that time, testosterone
enanthate was used. Testosterone enanthate completely cleared USMI and did not have adverse effects in that case. Although this
is just one case report, it is possible that testosterone enanthate could be an alternative of hormone therapy for USMI in spayed
female dogs.

It is well known that testosterone has several adverse effects. According to the manufacturer’s interview form of Enarmon tablet
25 mg, this drug should be contraindicated in patients with hepatic impairment or androgen-dependent carcinoma. It is also said
to be used with caution in older adults. Although no published data has documented adverse effects associated with testosterone
supplementation in dogs with USMI, various pathologies including perianal adenomas, perineal hernias, and prostatic hyperplasia
have been associated with increased serum testosterone levels in dogs [3, 8, 15, 25]. Additionally, impairment of liver function
and behavioral changes, such as excessive aggressiveness and leg raising during urination, are also predictable. However, no side
effects due to testosterone administration have been found in previous reports [1, 19]. In this study, there were no clinical signs,
including general behavior or activity, observed in any dog by the owners, which is consistent with those in the previous reports.
However, ALT levels were mildly increased to around 100 to 300 U/l in two of the 10 dogs, several weeks after the start of
treatment. One of them was 16 years old. These two dogs were treated with 1.0 and 1.1 mg/kg BW p.o. sid., respectively, which
were higher dosages compared with the those in other cases. In one case, the suspension of treatment for 4 weeks improved the
ALT value to the reference range. Taken together, this therapy should be used with caution in dogs with liver disease and/or older
dogs.

The mechanism by which testosterone is effective against USMI is still unknown. In male rats and female rabbits, androgen
receptors are expressed in the urethral and bladder epithelium urethral smooth muscle [21, 22]. Rosenzweig ef al. also suggested
the possibility that androgen therapy can alleviate lower urinary tract symptoms [21]. Indeed, contractions of bladder and urethra
and micturition dysfunction in elder ovariectomized female rats, were improved by treatment with testosterone [6]. In the present
study, measurement of the thickness of the urethral smooth muscle in Case J was attempted using ultrasonography on a trial basis
(Fig. 1). The width of the proximal urethra was 2.7 mm when the dog received a diagnosis of USMI. Interestingly, the width was
enlarged to 3.1 mm 3 weeks after, and 5.0 mm 3 months after the start of administration. Although there are no reports about the
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2.7 mm 3.1 mm 5.0 mm

Fig. 1. The sagittal ultrasound images of the proximal urethra of Case J. Left, before; Middle, 3 weeks after; Right, 3 months after the start of
testosterone administration. Arrowheads and numbers indicate measurement points and the width of the proximal urethra.

normal range of urethral thickness, and no evidence concerning changes in urethral thickness, this finding leads to the hypothesis
that testosterone could up-regulate the growth and/or functions of the urethral smooth muscle (Fig. 1).

This study has several limitations. All data was retrospectively collected from medical reports and interviews with owners. The
effectiveness of the drugs on USMI was evaluated by the owners, and a placebo treatment group or another drug-treatment group
was not designed. Several investigators have noted a placebo effect in owners’ perception of the continence of their dogs following
medical intervention [7, 24]. USMI was diagnosed by exclusion of other possible causes or specific diseases in this study. Although
diagnosis by exclusion is the commonly accepted method for diagnosis of USMI, the urodynamics test is also known as a definitive
diagnosis method [7, 11, 18].

In summary, the efficiency and adverse effects of a single treatment of testosterone on spayed female dogs with USMI were
retrospectively evaluated in this study. Nine of the ten dogs had good/excellent responses for 2 to 4 weeks. While no severe adverse
effects were observed in any dog, ALT levels temporally increased in two of the ten dogs. After dose reduction or withdrawal, two
of the eight dogs had recurrence of urinary incontinence. Resumption of testosterone treatment clearly improved the symptoms in
those two dogs. These results indicate that testosterone reagents might be an option for treating USMI in spayed female dogs.
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