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A B S T R A C T

This case study reports on the use of hormone therapy to treat a dog with a range of physical and behavioral
signs that began after gonadectomy. A male mixed breed dog neutered at 7 months of age presented at 1
year with health issues impacting quality of life. Reduced mobility, limping, rapid weight gain, and fear of
unfamiliar people were treated over the next 3 years with trials of pain medication, joint supplements, thy-
roxine, antidepressant, and significant diet restrictions. Frequent carprofen administration and daily joint
supplements reduced limping, but mobility was still poor. Weight stabilized on a strict diet but fear and anxi-
ety responses to strangers continued to worsen. Hormone restoration therapy was initiated when the dog
was almost 4 years of age. Weekly subcutaneous administration of testosterone cypionate (0.5 mg/kg) signif-
icantly reduced pain and increased muscle mass, thereby improving mobility. However, supraphysiologic
concentrations of luteinizing hormone were not reduced with testosterone therapy so a gonadotropin-
releasing hormone agonist was implanted. After hormone restoration, appetite was reduced, and anxiety
and fear behaviors became manageable. The testosterone and gonadotropin-releasing hormone agonist
treatment was easily administered, had no known side effects, and the owners were pleased with the
outcome.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Background

Orchiectomy, ovariohysterectomy, or ovariectomy (referred
herein as gonadectomy) are used to sterilize dogs and reduce dis-
eases of the sexual organs, sex-specific behaviors, and pet overpopu-
lation. However, research over the past 2 decades has indicated that
the loss of gonadal hormones can result in sequalae such as increased
incidence of obesity, urinary incontinence, endocrine disorders,
orthopedic conditions, cancer, and behavior and cognitive changes.1-
3 The mechanism underlying these problems may be the lack of nega-
tive feedback by gonadal hormones on the pituitary and hypothala-
mus, resulting in supraphysiologic levels of luteinizing hormone
(LH).2 The impact of gonadectomy varies by breed, size, sex, and age
at neuter4,5 supporting an individualized approach to sterilization of
dogs.6 As a result of these concerns, a growing number of veterinar-
ians are offering hormone-preserving sterilization procedures,
including vasectomy and hysterectomy.7

For dogs that have already received gonadectomy and suffer from
various health conditions that may be related to the loss of gonadal
hormones, there is no standard of treatment for hormone replace-
ment except for the treatment of urinary incontinence. Treatment
with conjugated estrogens, diethylstilbesterol, estriol, gonadotropin-
releasing hormone (GnRH) agonists (e.g., deslorelin), or GnRH immu-
nization have been successful in restoring continence in formerly
spay-induced incontinent dogs. These treatments restore urinary
continence by reducing LH concentrations in spayed female dogs.8-10

There has been only 1 study investigating the use of testosterone for
the treatment of urinary incontinence in neutered male dogs.11
The purpose of this case study was to describe the health
improvements in a neutered dog following restoration of reproduc-
tive hormone concentrations.

Case History and Presentation

A 1-year-old neutered male American bulldog/Walker coonhound
mixed breed dog weighing 27.7 kg (Table 1) presented with a history
of various health issues negatively impacting quality of life. He was
obtained from an animal shelter at an estimated age of 7 months, at
which time he was gonadectomized prior to adoption. The dog
reportedly displayed normal behavior at the time of adoption. Within
5 months following adoption, his behavior slowly changed to high
levels of fear around strangers (manifested as barking, shaking, tail
between legs, wide eyed, and avoidance). In addition, the dog had
gained weight rapidly and became lame in the right pelvic limb,
localized to the coxofemoral joint (e.g., limping after exercise, inabil-
ity to jump, reluctance to run or exercise vigorously).

Diagnostics and Response to Treatment

At thirteen months of age, radiographs of both hips revealed bilat-
eral shallow acetabula and a misshapen right femoral head. A daily
supplement of concentrated omega-6 and omega-3 fatty acids
(1200 mg fish oil, NatureMade, CA, USA) and weight loss (e.g.,
reduced calorie diet) were recommended. The WSAVA body compo-
sition score was 8 (obese).12 At twenty months of age, no improve-
ments were noted and a chemistry and thyroid panel revealed all
parameters were within the normal range (Texas A&M Veterinary
Medical Diagnostic Laboratory) (Table 2).Given that some signs
apparent in this dog (weight gain, lethargy, and behavior changes)
were consistent with hypothyroidism,13,14 levothyroxine sodium
(0.5 mg BID; Soloxine, Virbac, TX, USA) was prescribed at 24 months.
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Table 1
BodyWeight History

Age (mo) Wt (kg)

13.0 27.7
20.9 31.8
25.8 32.4
26.5 29.9
46.6 29.6
48.3 28.4
49.2 28.5
50.1 29.0
51.8 28.8
54.8 29.0
55.0 29.0
57.3 28.8
66.2 32.5

Table 2
Serum Chemistry and Thyroid Results at 20 Months of Age

Test Test Result Reference Range

Total Serum Protein 6.4 g/dL 5.6-7.9
Albumin 4.0 g/dL 2-4.5
Calcium 10.7 mg/dL 7.2-12.8
Phosphorus 3.31 mg/dL 2.3-6.5
Glucose 109 mg/dL 60-120
BUN 17 mg/dL 8-30
Creatinine 0.75 mg/dL 0.5-1.4
Total Bilirubin <0.1 mg/dL 0.1-0.4
ALP 21 U/L 12-122
CK 91 U/L 58-241
AST (SGOT) 21 U/L 13-52
ALT (SGOT) 30 U/L 13-79
Globulins 2.4 g/dL 1.8-4.2
A/G Ratio 1.7 0.8-2.2
GGT <3 U/L 0-10
Amylase 510 U/L 454-1380
Cholesterol 195 mg/dL 124-335
Sodium 149 mEq/L 141-156
Potassium 4.5 mEq/L 3.8-5.5
Na/K Ratio 33.1
Chloride 109 mEq/L 109-124
T4 (Chl.) 2.06 ug/dL 1.51-3.11
Free T4 (RIA) 28.93 pmol/L 12-33

All results within normal range.
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At 25 months tramadol (50 mg BID) and carprofen (Rimadyl, Zoetis,
NJ, USA) (50 mg BID for 5 days) were prescribed to reduce joint pain.
The tramadol was discontinued after 14 days but the carprofen was
continued on an as-needed basis for pain. Tramadol has been
reported as less effective on osteoarthritis pain in dogs than carpro-
fen.15 Minor weight reduction occurred at 26 months (Table 1). The
thyroxine was discontinued after 2 months because follow up testing
revealed elevated T4 (3.91 ug/dL) and free T4 (53 pmol/L). A glucos-
amine-chondroitin joint supplement (Flexadin Plus Chews; Vetoqui-
nol, TX, USA) was given for 2 months and then replaced with a fatty
acid joint supplement (Antinol; Vetz Petz, CA, USA). Anxiety and fear
of strangers was treated with an antidepressant (Fluoxetine SSRI;
10 mg TID) at 34 months of age with no noticeable change in behav-
ior after 81 days and then discontinued.

At 46 months of age after unsatisfactory response to other treat-
ments, gonadal hormone replacement therapy was initiated. Extra-
label use of testosterone cypionate (USP 1000 mg/10 mL, Sun Phar-
maceutical Industries, Mumbai, IN) was administered subcutaneously
at a monthly dose of 1.7 mg/kg. Serum testosterone was measured on
the same day of the week and same time of day with levels of 2.44,
1.06 and 0.32 ng/mL at 1-, 14-, and 28-days post-injection, respec-
tively. Thereafter, weekly testosterone injections (0.5 mg/kg) main-
tained testosterone levels at 1.2-2.2 ng/mL (normal range for intact
dog) (Fig 1). Serum concentrations of testosterone and LH were mea-
sured using a double antibody radioimmunoassay at Colorado State
University Endocrinology Laboratory. For LH, 200 uL canine serum
was incubated in the presence of anti-LH antibody at a dilution of
1:400,000, for 24 hours at 40°C. Following incubation, 125I-LH was
added to each tube and further incubated for 24 hours at 40°C. After
24 hours, a secondary antibody was added to precipitate the immune
complexes and the reaction was incubated for 72 hours at 40°C. Fol-
lowing incubation, cold pour-off buffer was added, the tubes were
centrifuged to pellet the immune complexes and the pellet was
counted in a gamma spectrophotometer. For testosterone, prior to
analysis serum samples were organically extracted, and reconstituted
in assay buffer, to eliminate any matrix effects in the assay. Briefly,
200 uL reconstituted serum was incubated in the presence of 125I-
testosterone and anti-testosterone antibody, at a dilution of
1:200,000, for 6 hours at 40°C. After 6 hours, a secondary antibody
was added to precipitate the immune complexes and the reaction
was further incubated for 72 hours at 40°C. Following incubation,
cold pour-off buffer was added, the tubes were centrifuged to pellet
the immune complexes and the pellet was counted in a gamma spec-
trophotometer.

Luteinizing hormone concentrations remained persistently ele-
vated despite testosterone supplementation (34.6-88.2 ng/mL; nor-
mal range: 0.8-11.2 ng/mL for intact dogs; 7.2-27 ng/mL for castrated
dogs). At 50 months of age (114 days after initiation of testosterone
therapy), a GnRH agonist implant (9.4 mg deslorelin, Suprelorin, Vir-
bac, TX, USA) that is labelled for 12 months of contraceptive efficacy
in intact male dogs was administered subcutaneously near the umbi-
licus for ease of monitoring and removal if necessary. LH concentra-
tions dropped to 1.89 ng/mL (normal range for intact dog) following
implant administration (Fig 1).

Within 45 days after initiation of hormone therapy, mounting
another dog with pelvic thrusting was observed. This behavior sub-
sided without intervention by 95 days after testosterone treatment
initiation and was observed infrequently thereafter. In addition, by
95 days after testosterone treatment initiation, the patient’s muscle
mass had increased notably (especially in the hind legs and hips) and
mobility improved markedly (such that he could run and jump like
the other dog in the household). Body condition score improved
(BCS = 7 heavy). While the dog continued to show fear responses and
avoidance of strangers, his behavioral responses were reduced in
intensity (Table 3).

Vital signs as measured by a collar monitor (Pet Pace Smart Collar,
MA, USA) during the first 4 months of hormone therapy revealed lit-
tle variability (pulse x̅ = 62.02 bpm, SD = 2.0; respiration x̅ = 17.59,
SD = 0.5, calories x̅ = 1134.95 kcal, SD = 96.8; heart rate variability
x̅ = 11.54, SD = 0.05).

Follow-up

Twelve months after administering the GnRH agonist implant,
appetite and begging for food noticeably increased and within 2
months (at 66 months of age), weight had also increased. Although
testosterone concentrations remained in the normal range for intact
males, measurement of LH concentrations revealed elevated values
(19 ng/mL) indicating that the implant was no longer releasing hor-
mone and ready for replacement.

Discussion

There is growing evidence linking gonadectomy with lifelong
health and behavioral problems in some dogs.1-3 However, little
information exists on the effects of reproductive hormone therapy.
This case study reported the physical and behavioral improvements
following restoration of reproductive hormone concentrations in a
neutered male dog.

In the presented case, the dog began exhibiting behavioral, mobil-
ity, and body condition problems within a few months following



Fig 1. Serum testosterone and luteinizing hormone levels. Testosterone y-axis on left and LH y-axis on right. Dark grey shaded area indicates monthly testosterone injection time-
points and light grey shaded area indicates weekly testosterone injection timepoints. Vertical line indicates when GnRH agonist implant was applied. Note the inverse relationship
between testosterone and LH, as well as the 95.8% drop in LH after implantation of the GnRH agonist.
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gonadectomy. These conditions worsened over the next 3 years
despite treatment with anti-inflammatories, anxiolytics, joint health
supplements, and diet restrictions. Treatment aimed at restoring
reproductive hormone concentrations resulted in significant
improvements in behavior, mobility, and body condition.

Factors other than restoration of reproductive hormone concen-
trations (e.g., age, desensitization to external stimuli over time) may
also have impacted health and behavior. However, the fact that the
patient displayed increasingly debilitating orthopedic and behavioral
signs for 3 years prior to hormone therapy, and then had notable and
lasting improvements shortly afterward, supports a conclusion that
restoration of reproductive hormone concentrations was effective in
returning this dog to improved physical health. While anxious behav-
iors decreased, consultation with a veterinary behavior professional
in conjunction with anxiolytic medication may result in greater
improvement. The initial therapy with thyroid supplementation in
this case may not have been indicated given test results. Further
assessment of thyroid function � including TSH and thyroid autoanti-
bodies � is warranted since gonadectomized dogs have a higher risk
of hypothyroidism.16
Table 3
Details of Behavioral and Physical Issues Before and After Hormone Therapy

Issue Details and Impact Before Hormone Therapy

Fear of humans Extreme fear responses to humans outside home; inability to take dog
outside home except if necessary (veterinarian)

Fear response when familiar and unfamiliar people visit house

Hip pain Unable to run very far or jump, avoidance of activity

Unable to stretch back legs or sit on haunches
Inability to go on walks; unable to play rough with other dog

Limping after exercise requiring pain medication (4-8 times/month)
Body condition Overweight, body condition score = 8 (obese)

Muscle atrophy in rear
In this case study, no adverse effects were noted although long-
term, in-depth laboratory testing was not conducted. In the only pub-
lished report of testosterone supplementation in male dogs, no
adverse effects were reported but the authors cautioned that owners
should watch for clinical signs.11 Possible side effects of testosterone
administration include hepatopathy, dermatopathies, epiphora,
perianal adenomas/adenocarcinomas, increased liver enzymes, cervi-
cal skin thickening, increased preputial discharge, increased body
odor, and increased male sexual behaviors. Androgens are contrain-
dicated in any animal with a poorly functioning liver and in breeds
that are predisposed to copper storage diseases such as Bedlington
terriers and Labrador retrievers.17 Liver function testing is advised
before and during testosterone administration.

The most challenging aspect of restoring reproductive hormone
concentrations was determining the appropriate type and dosage of
testosterone because few studies have evaluated testosterone ther-
apy for dogs. Intramuscular testosterone cypionate (1.5 mg/kg/
month) was used to treat urinary incontinence in neutered male
dogs.11 Testosterone cypionate at 0.5-3 mg/kg/month for male dogs
was also noted as a treatment in a patent application.18 It is
Change Following Hormone Therapy

No change in fear response to veterinary visit; moderate improvement
when unfamiliar people at a distance and ability to go for walk in park

Moderate improvement and friendly behavior to routine visitors; no
change to unfamiliar people

Significant improvement in running; jumping on furniture and owners;
increase in vigorous activity

Able to stretch normally; no change in sitting posture
Significant improvement in exercise stamina on long walks (30+ min); sig-
nificant increase in initiation and participation in play with other dog

Significant reduction in limping and need for pain medication (twice/year)
Lost weight prior to hormone therapy with feeding restrictions. No change
in weight during hormone therapy but improved body condition
score = 7 (heavy); increase in weight when GnRH implant started to
wear off

Noticeable increase in muscle mass in hip and hind legs (e.g., gluteal and
biceps femoris)
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important to mention that benign prostatic hyperplasia was induced
in beagles treated with testosterone-filled subcutaneous silastic
implants delivering a higher dose of 0.25 mg/kg/day.19 In the current
case report, no signs of benign prostatic hyperplasia were observed
so the size of the prostate was not measured. Routine monitoring for
benign prostatic hyperplasia will be necessary for the subject because
it is the most common disease in dogs with normal hormone levels.20

The current case report utilized a subcutaneous route of adminis-
tration for the testosterone cypionate. This route was chosen because
its use in humans supports favorable outcomes in terms of less pain,
consistent and stable testosterone levels, and ease of home adminis-
tration when compared to intramuscular injection.21-22 It is impor-
tant to note that testosterone is a schedule III non-narcotic due to the
potential for human abuse and dependence. In the current case, the
weekly dosing frequency of 0.5 mg/kg provided more consistent tes-
tosterone concentrations than the monthly testosterone dose. This
finding agrees with research in humans reporting deviations above
and below the normal range for serum testosterone when dosing is
administered at frequencies longer than 1 week.21

This case report highlights the importance of considering LH con-
centrations in addition to testosterone when restoring reproductive
hormone concentrations after gonadectomy in male dogs. Early
research in castrated dogs reported that a single subcutaneous injec-
tion of testosterone had little impact on LH, but levels were reduced
after several daily injections of the same dose.23 In this case study,
testosterone supplementation did not return extremely high LH con-
centrations to normal levels, but they were reduced to the normal
range following administration of a GnRH agonist implant. Continu-
ous release of the GnRH agonist from the implant desensitizes pitui-
tary cells to GnRH, resulting in a cessation of LH secretion. The
implant has a good safety and efficacy profile and can be reimplanted
at 6- or 12-month schedules (depending on dose).24 In the current
case report, when the implant stopped secreting the GnRH agonist 12
months after insertion, LH concentration rose, and the dog’s appetite
and weight increased despite no change in activity. Within 1 week of
administration of a new implant, appetite returned to normal. Stimu-
lation of LH receptors in the gastrointestinal tract and in the hypo-
thalamus reduce satiety and result in hyperphagia.25-27 The change
in appetite may be a noninvasive method to determine when a new
implant is required.

It is possible that only reducing LH to below the level of detection
(<1 ng/mL) with a GnRH agonist may be sufficient to address gonad-
ectomy-related health issues, though this single case report cannot
provide a clear answer. This dog showed improvement in muscle
mass and mobility 95 days following restoration of testosterone lev-
els and prior to administration of the GnRH agonist implant, with
continued health improvements thereafter. Low circulating androgen
levels in humans are known to have a negative impact on muscle
proliferation and maintenance.28 Additional research is needed to
assess the impact of normalizing the levels of testosterone, LH, or
both, and to identify health and behavior issues responsive to hor-
mone restoration following gonadectomy.
Summary

Restoring reproductive hormone concentrations was associated
with significant physical health and behavioral improvements in a
neutered canine. The owners were pleased with the response to the
hormone restoration therapy and have continued this treatment for
their dog. Clinicians interested in reproductive hormone restoration
should seek informed consent from the client after explaining the
possible negative side effects of androgen treatment. Additional
research on restoring reproductive hormone concentrations in
gonadectomized dogs is needed to evaluate different treatment regi-
mens and long-term effects.
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