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Abstract

In veterinary medicine, syndrome of inappropriate secretion of antidiuretic hormone
(SIADH) is a rare disorder and only two successful treatment options have been
reported. In human medicine, on the other hand, SIADH is relatively well defined
and various treatment options have been reported. In recent times, the vasopressin 2
receptor antagonist has been developed and is widely used to treat SIADH. The aims
of this study were to evaluate the safety and efficacy of tolvaptan, the vasopressin 2
i

receptor antagonist, and to establish the therapeutic dosage for dogs. Tolvaptan was
given to groups of normal beagle dogs, including control, 0.5 ㎎/㎏ SID, 3 ㎎/㎏
SID, and 5 ㎎/㎏ SID at preset doses for three days. Complete blood cell count,
serum biochemistry profile, serum osmolarity calculation, and urine specific gravity
measurement were performed at the time of each 0, 4, 8, 12, 24, 48, and 72. Without
decreased levels of urine specific gravity in the groups of 3 ㎎/㎏ and 5 ㎎/㎏
within 4 hours after drug administration, there were no abnormalities or significant
changes. While there were no significant changes in the groups of normal beagle
dogs, remarkable improvements of serum sodium concentration and serum
osmolarity were observed in the SIADH dog, who had received orally administered
tolvaptan at doses of 3 ㎎/㎏ SID. Serum sodium increased gradually from 134 to
141 mmol/L within 35 hours. Calculated serum osmolality also increased from
281.56 to 292.25. Compared with the groups of control and 3 ㎎/㎏ SID, changes of
serum sodium concentration and serum osmolarity in the SIADH dog, who had
received orally administered tolvaptan at doses of 3 ㎎/㎏ SID, revealed statistical
significance (p<0.0001). The dog has continued to receive tolvaptan at 3 ㎎/㎏ SID
in the 9 months since the trial, and there have been no further clinical signs of
hyponatremia: the dog shows normonatremia and plasma normoosmolarity without
any abnormalities. Although tolvaptan carries the potential risks of liver injury and
central pontine myelinolysis with careless use, the results of this study suggest that the
administration of tolvaptan to treat SIADH is an effective alternative if fluid
restriction does not sufficiently correct electrolyte imbalance.
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Introduction

In humans, euvolemic hyponatremia is the most common type of hyponatremia in
hospitalized patients, and Syndrome of Inappropriate Secretion of Antidiuretic
Hormone (SIADH) is the most frequently encountered cause of euvolemic
hypoosmolality1,2. Many causes of SIADH have been reported, and can be
categorized into groups, including malignant diseases, pulmonary disorders, central
nervous system disorders, drugs, and miscellaneous causes1,3,4. The treatment of
SIADH depends on the degree of hyponatremia, on whether the patient is
symptomatic, and on whether it is acute or chronic. Various treatment options,
including intravenous administration of hypertonic saline or mannitol, administration
of loop diuretic agent, urea or demeclocycline, and fluid administration, are available
to treat SIADH1,3-7. Recently, vasopressin 2 receptor antagonists, which are called
vaptan agents, have been developed and are widely used to treat SIADH8-14.
Tolvaptan and conivaptan are the most representative vaptan drugs.
However, in dogs, SIADH has been reported in only eight dogs all over the
journal of veterinary medicine15-20. Because of the rarity of occurrence of SIADH,
most reported treatments are limited to the traditional options, especially water
restriction20. Recently, effective clinical improvement has been reported in one case
with administration of vasopressin 2 receptor antagonist (OPC-31260) to treat
SIADH17. In spite of its clinical effectiveness, OPC-31260 is quite unsuitable to use
because of its exorbitant price and its form, as it is only available as a chemical
powder.
Compared with OPC-31260, tolvaptan is comparatively affordable and
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readily usable, due to its tablet form which is commercially available. Until recently,
in human medicine, tolvaptan was known as a stable and relatively safe drug21. Lately,
however, the potential risk of liver injury through tolvaptan administration has been
reported22,23. This risk has resulted in the continuous administration of tolvaptan for
more than 30 days being prohibited by several countries, including Korea.
In contrast, high LD50 and no cases of liver damage or carcinogenesis were
identified in several drug metabolism and pharmacokinetic studies of tolvaptan in
canine groups24. Unfortunately, there is no detailed information about changes in
hematological, biochemical, and urinary values after the administration of tolvaptan.
Moreover, tolvaptan has never been used for therapeutic purposes for dogs before;
therefore, the therapeutic dose for dogs has not yet been estimated.
The aim of this study is to introduce a new drug as an effective alternative if
traditional treatment of SIADH does not sufficiently correct electrolyte imbalance
and clinical symptoms. In this report, we evaluate the safety of tolvaptan by analyzing
changes in hematological, biochemical, and urinary values in short term periods of
drug application to normal dogs. We also establish the therapeutic dosage for dogs
and assess the efficacy of the drug by performing a clinical trial on a SIADH patient
who does not respond to traditional treatments.

２

Materials and Methods

1. Drug preparation and Dose selection
Tolvaptan was purchased from Korea Otsuka Pharmaceutical Co., Ltd. (Seoul,
Korea). In human medicine, the initial dose of tolvaptan is 15 ㎎ daily, and dosing
of tolvaptan can be maximally increased to 60 ㎎ daily. For dose conversion from
human to dog, the human equivalent dose formula (HED) was used (Figure 1)25. The
calculated initial dose of tolvaptan for dogs was 0.5 ㎎/㎏ SID, and the maximum
dose was 3 ㎎/㎏ SID, considering that the canine vasopressin 2 receptor has 1.5
times lower affinity to tolvaptan compared with the human isoform24. To evaluate
safety in conditions of overdose, an additional dose group of tolvaptan (dose of 5 ㎎/
㎏ SID) was supplemented within the short term safety study.

2. Short term safety study of tolvaptan in normal dogs
Eight beagle dogs, weighing 8-10 ㎏, were prepared by the laboratory animal center
of Seoul National University Veterinary Medical Teaching Hospital. Complete blood
cell count (CBC), serum biochemistry profile and urine analysis were performed on
all dogs before starting the experiment, and all the results except for urinary specific
gravity were in the normal range. Some dogs showed high concentrated urine, which
was associated with their poor drinking behavior while living in the breeding facility.
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The experiment was conducted twice and the dogs were divided into four
groups, including control (no tolvaptan administration), dose of 0.5 ㎎/㎏ SID, 3 ㎎
/㎏ SID and 5 ㎎/㎏ SID, and each group consisted of three dogs.
Six of the eight dogs were randomly divided into two groups: control and
dose of 0.5 ㎎/㎏ SID, and the two remaining dogs were set up as substitutes for test
groups. Tolvaptan was administered at a preset dose for three days. Blood and urine
samples were collected at the time of each 0 (just prior to first administration of the
drug), 4, 8, 12, 24 (just prior to second administration of the drug), 48 (just prior to
third administration of the drug), and 72 h from each dog, via jugular vein and
cystocentesis, respectively. At the end of the first experiment, the eight dogs were put
through three days of washout period. During this period, the dogs did not have any
treatment, which could affect the test results of the second experiment. After the
washout period, a second experiment for the test groups of 3 ㎎/㎏ SID and 5 ㎎/
㎏ SID, using the same process as the first experiment, was conducted.
CBC, electrolyte test, serum osmolarity calculation, and serum biochemistry
profile including alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (r-GT), total protein
(TP) and albumin (Alb) were performed on the collected blood samples. Urine
specific gravity measurement was performed on the collected urine samples.

3. Clinical application to a dog with SIADH
A 7-year-old, intact female Yorkshire terrier was referred to Seoul Nation University
Veterinary Medical Teaching Hospital for cognitive problems, rigidity,
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hypersalivation, circling, tremor, barking and seizure with a recent history of falling.
The dog was diagnosed with congenital hydrocephalus and head trauma and
hospitalized for 2 weeks (Figure 2). Systemic treatments were prescribed after
leaving the hospital, including furosemide (1 ㎎/㎏ PO q12h) and prednisolone (0.5
㎎/㎏ PO q24h).
One month after the first visit, the dog presented with chronic electrolyte
imbalance (hyponatremia, hypochloremia), weight loss and lethargy during treatment
and management of hydrocephalus. The owner reported that no more tremor and
seizure, the chief complaints of first visit, had been observed at home, but the
cognitive problems and circling remained despite mild improvement. The dog had
difficulty finding the way to the pee pad, did not recognize the owner’s family, and
failed to respond to her name. She slept more in the day, but less at night. Severe
weight loss with no loss of appetite was also reported. The patient weighed about 1.8
㎏ at first visit, but this had decreased to 1.5 ㎏ at presentation.
On presentation, the dog was alert and responsive and had a normal heart
rate (90 beats/min), respiratory rate (28 breaths/min), and rectal temperature (38.1℃).
Body condition score had changed from 5/9 at first visit to 3/9. The mucous
membranes were pink and capillary refill time was normal (<1 second). The dog had
normal skin turgor. Cardiothoracic and abdominal auscultations were normal. Rightheaded circling was observed during gait assessment, but other neurologic
examinations revealed normal cranial nerve and postural reflexes.
CBC and serum biochemistry profile were performed; all but the electrolyte
result were within normal limits. While potassium level was normal (4.0 mEq/L;
reference range 4.0–5.4 (Figure 3.)), decrease in sodium (128 mmol/L; reference
range 142–154 (Figure 3.)) and chloride (96 mmol/L; reference range 105–117
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(Figure 3.)) were identified. Microscopic fecal examination showed no abnormalities.
Urine collected by cystocentesis showed a yellow color with a urine specific gravity
(USG) of 1.033, with no abnormalities in dipstick urinalysis and urine sediment
examination.
No abnormalities beyond electrolyte imbalance were found, and
administration of furosemide was inferred to have caused this imbalance. Therefore,
administration of furosemide was tapered and then stopped (0.75 ㎎/㎏ PO q12h for
1 month, then 0.5 ㎎/㎏ PO q12h for the next 1 month, then stopped).
Administration of prednisolone was maintained and oral omeprazole (5 ㎎/㎏ PO
q24h) was prescribed for the decreased production of cerebrospinal fluid; the food
supply was increased from resting energy requirement to illness energy requirement.
However, the electrolyte imbalance did not improve and even worsened (sodium,
potassium, and chloride levels were 118 mmol/L, 5.8 mEq/L, and 89 mmol/L,
respectively (Figure 3.)), and the patient’s body weight decreased to 1.15 ㎏ during
the tapering period.
After stopping furosemide administration, the owner reported new clinical
signs of exophthalmos and hair loss. Bilateral severe proptosis with mildly decreased
pupillary light reflex and menace response was identified. Another complaint,
specifically, non-pruritic, non-infectious, bilaterally symmetrical alopecia of the head,
neck, back, distal limbs, and tail were observed. The patient’s skin was thin and hair
fell out easily, while the tail showed a rat tail appearance. Considering the clinical
signs and the results of previous examination, endocrine disorders were suspected;
therefore, diagnostic hormone tests including the ACTH stimulation test, thyroid
hormone tests, and aldosterone test were required. Owing to the administration of
prednisolone, the testing was performed 6 weeks after stopping prednisolone. During
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this time, the body weight increased to 1.3 ㎏, while the electrolyte imbalance
remained but improved mildly (sodium, potassium, and chloride levels were 122
mmol/L, 4.7 mEq/L, and 89 mmol/L, respectively (Figure 3.)). The results of
hormone tests were all within the normal limits except for total T4 (1.22 μg/dl;
reference range 1.3–3.5) (Table 1.). Euthyroid sick syndrome caused by stress due to
the long duration of electrolyte imbalance was expected.
While performing hormone tests, urine electrolyte test was conducted.
Urine collected by cystocentesis showed a yellow color with USG 1.030, and the
levels of urinary sodium, potassium, and chloride were 136 mmol/L, 61.4 mEq/L,
and 51 mmol/L, respectively, which were relatively high compared to the serum
electrolyte concentration. Calculated serum osmolality was 261.01 Osm/L. Urinary
fractional clearance of sodium and chloride were 1.608% (reference range 0.0–0.7)
and 0.81% (reference range 0.0–0.8), respectively, which indicated persistent loss of
sodium and chloride through urine.
According to the Bartter-Schwartz criteria5 (Table 2.), syndrome of
inappropriate secretion of antidiuretic hormone (SIADH) was highly suspected. To
confirm the diagnosis, fluid administration was restricted to 30 ㎖/㎏/day. After the 3
weeks of restriction period, the electrolyte imbalance was mildly improved (sodium,
potassium, and chloride levels were 129 mmol/L, 4.7 mEq/L, and 96 mmol/L,
respectively (Figure 3.)), which confirmed the diagnosis of SIADH. To correct the
electrolyte imbalance more, fluid administration was restricted to 15 ㎖/㎏/day, but
insufficient improvement of imbalance was observed (sodium, potassium, and
chloride levels were 131 mmol/L, 4.5 mEq/L, and 97 mmol/L, respectively (Figure
3.)) and the patient suffered from severe thirst. It was certain that fluid restriction
could not control the patient’s SIADH; thus, another solution was needed.
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It was decided to try therapy with tolvaptan, a selective vasopressin 2
receptor antagonist, for SIADH. The aims of tolvaptan administration were to correct
the electrolyte imbalance, prevent cerebral edema due to hyponatremia, and increase
the volume of fluid given so that the patient would not be thirsty. The initial dose was
0.5 ㎎/㎏ SID, which was calculated using the human equivalent dose formula25,
and the maximum dose was 3 ㎎/㎏ SID. The dog was hospitalized for the period
of the trial and was adapted to the hospital for 2 days before tolvaptan administration.
A daily diet of illness energy requirement and 50 ㎖/㎏/day of fluid, which is the
maintenance fluid requirement for dogs and satisfied the patient’s thirst, were given in
hospital. The existing prescription of omeprazole was maintained. The initial dose of
tolvaptan was dissolved in a small amount of water and administered orally.
Following the initial dose for the first 2 days, the dose rate increased to 1.5 ㎎/㎏
SID and then 3 ㎎/㎏ SID for 2 days each. Serum electrolyte, calculated serum
osmolality, CBC, urine electrolyte, and USG were monitored every 4–6 hours after
tolvaptan administration. Urine output needed to be monitored, but the patient
represented severe stress reaction when the urinary catheter was installed, which
could increase intracranial pressure and vasopressin secretion. Therefore, urination
frequency and volume of the urination through wetting size on the pee pad were
monitored instead. Blood samples were collected from the jugular vein and urine
samples by cystocentesis. To determine whether the effects of tolvaptan
administration would be sustained at a dose rate of 3 ㎎/㎏ SID, a trial procedure
with a dose rate of 3 ㎎/㎏ SID alone was repeated after a stabilization period of 5
days.
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4. Statistical analysis
Statistical comparisons of changes in serum sodium concentration and serum
osmolarity between the 3 groups, including control, 3 ㎎/㎏ SID, and SIADH dog
were performed. These groups were analyzed by analysis of variance (ANOVA),
followed by Tukey's test. Differences were considered significant at p<0.05.

Results

1. Short term safety study of tolvaptan in normal dogs
Complete blood cell count, biochemical analysis (ALT, AST, ALP, r-GT, TP, Alb),
electrolyte test, serum osmolarity calculation, urine dipstick analysis, and urine
specific gravity measurement were performed at 0 (just prior to first administration of
the drug), 4, 8, 12, 24 (just prior to second administration of the drug), 48 (just prior to
third administration of the drug), and 72 h. During the test period, one dog in the
control group showed elevated serum ALT and ALP concentrations that exceeded the
upper limit of the normal range. We inferred that as these results were due to muscle
injury by repeated cystocentesis, they could be excluded. These abnormalities were
rapidly restored to the normal range after stopping the cystocentesis.
During the experiment, the body weights of all dogs were constantly
maintained, and nothing changed during physical examination. The results of CBC,
biochemistry profile, and serum osmolarity calculation did not show any
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abnormalities or significant changes (Figures 4 and 5.). Urine dipstick analysis
revealed no abnormalities. While the groups of control and 0.5 ㎎/㎏ SID did not
show any changes in urinary specific gravity, the groups of 3 ㎎/㎏ SID and 5 ㎎/
㎏ SID showed remarkable changes (Figure 6.). Importantly, decreased levels of
urine specific gravity were observed 4 hours after drug administration, and the levels
showed gradual increases 8-24 hours after drug administration.

2. Clinical application to a dog with SIADH
While tolvaptan was administered at doses of 0.5 to 1.5 ㎎/㎏ SID within the first 4
days, there was no significant improvement in serum electrolyte, serum osmolality,
urine electrolyte, or USG, but there were also no decreases of serum electrolyte and
osmolality despite increased fluid administration. In contrast, definite increases in
urination frequency and volume were observed. Marked improvements were
identified at doses of 3 ㎎/㎏ SID (Figure 7.). Serum sodium and chloride increased
gradually from 134 to 141 mmol/L and 94 to 102 mmol/L, respectively, within 35
hours. Calculated serum osmolality also increased from 281.56 to 292.25. Urination
frequency and volume of urination increased to such an extent that it was hard to
collect urine samples on time. Urine sodium and chloride were also decreased, but
increases were identified after 10 hours of drug administration. Little variation was
seen in USG, and there were no remarkable changes in CBC or body weight
following drug administration.
During the 5 days after the first tolvaptan administration, the dog showed
markedly improved clinical signs. The lethargy was resolved and the patient became
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more alert and responsive. Bilateral exophthalmos completely resolved. The results
were similar when the trial was repeated after the 5-day stabilization period.
Decreased USG from 1.035 to 1.006 was observed 3 hours after drug administration,
and an increase to 1.025 was identified after 7 hours (Figure 8.).
The dog has continued to receive tolvaptan at 3 ㎎/㎏ orally once daily in
the 9 months since the trial, and there has been no further lethargy. The patient’s body
weight has gradually increased from 1.3 ㎏ to 1.9 ㎏. Her hair also has steadily
grown, so that no more regions of alopecia have been identified. Although rightheaded circling persists, the frequency and extent are markedly improved. Cognitive
problems have also improved: The dog can find the way to the pee pad, recognize the
owner’s family, and respond to verbal cues or her name, although she still sleeps less
at night. CBC, serum biochemistry profile, and electrolyte measurement have been
performed every 3 weeks following the trial, and the dog shows normonatremia and
plasma normoosmolarity without any abnormalities (Table 3.).

3. Difference in efficacy of tolvaptan between the SIADH patient
and normal dogs
Figure 9 shows the changes in serum sodium concentrations and serum osmolarity of
the groups of control, 3 ㎎/㎏ SID, and the SIADH patient after oral administration
of tolvaptan. There were no significant changes of serum sodium and serum
osmolarity between the control group and the 3 ㎎/㎏ SID group. Compared with
the groups of control and 3 ㎎/㎏ SID, the SIADH patient who had received orally
administered tolvaptan at doses of 3 ㎎/㎏ SID showed remarkable changes in
serum sodium and serum osmolarity (p<0.0001).
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Discussion

SIADH is defined as the inappropriate, continued secretion or action of the
antidiuretic hormone and is a rare disease in veterinary medicine. Increased secreted
vasopressin binds to the vasopressin 2 receptor, which is expressed on the basolateral
membrane of the renal collecting ducts, and stimulates a Gs-coupled protein that
activates adenylyl cyclase, in turn causing production of cAMP to activate protein
kinase A26. This mechanism increases the exocytosis of the aquaporin water channel
containing vesicles and inhibits endocytosis of the vesicles, both of which result in
increases in aquaporin 2 channel formation and apical membrane insertion26. This
allows an increase in the permeability of water from the collecting duct26.
Unrestricted water intake combined with increased secreted vasopressin results in
excessive free water reabsorption in the distal tubule and collecting duct of the kidney,
thereby expanding blood volume and diluting the plasma sodium concentration. The
increased volume of body fluids suppresses plasma renin activity and aldosterone
levels and triggers natriuresis23. This worsens the hyponatremia, but also reduces
extracellular volume, thereby eliminating overt signs of hypervolemia23. Thus,
SIADH is characterized by hyponatremia and hypoosmolality with euvolemic status.
On the other hand, on a broader means of semantics, it was recently proposed that
SIADH should be called "syndrome of inappropriate antidiuresis" because not all
patients with the SIADH have elevated circulating levels of arginine vasopressin1,4.
Clinical signs of SIADH vary depend on the severity and period of
hyponatremia, but neurological signs are common1. Patients with chronic mild
hyponatremia may be asymptomatic, although acute severe hyponatremia can lead to
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death1.
The diagnosis of SIADH is confirmed by exclusion of other causes of
hyponatremia1,4,20. The diagnostic criteria for SIADH are listed in Table 21,4.
Successful therapies reported for the management of canine SIADH were fluid
restriction20 and administration of vasopressin receptor 2 antagonist (OPC-31260)17.
The patient in this report did not reveal satisfactory improvement with fluid restriction.
Although mild improvement was identified, the dog suffered from thirst.
Administration of OPC-31260 might have improved the patient’s hyponatremia, but
this drug is only available in powder form and is too expensive to administer for long
periods. Thus, these therapies were not adequate for this patient.
The recent development of oral nonpeptide vasopressin 2 receptor
antagonists, known as vaptans, offers a new clinical approach to the disorders of
vasopressin secretion. Several vaptans have been developed, including satavaptan
(selective V2), OPC-31260 (selective V2), conivaptan (V1/V2), lixivaptan (V2), and
tolvaptan (V2)1-3,22,23,26,27. By binding to and blocking the vasopressin 2 receptor,
vasopressin-mediated activation of this receptor is prevented and free water clearance
is increased6,17,28. Drugs with these properties are called "aquaretics", and they have
quite different properties from diuretics; of these, vaptans are the most typical. The
differences between aquaretics and diuretics are listed in Table 4.
Tolvaptan is an orally active benzazepine-derivative vasopressin 2 receptor
antagonist (Figure 10.)1,3,6,26,28. It is used to treat hypervolemic and euvolemic
hyponatremia, including in patients with heart failure and SIADH3,6. It is
commercially available in tablet form and is relatively affordable compared with
OPC-31260. The vasopressin 2:vasopressin 1a receptor selectivity of tolvaptan was
29:1 in cloned human receptors, and 69:1 in dogs3,24,26.
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In this study, there were no changed values in the groups of control, 0.5 ㎎/
㎏ SID, 3 ㎎/㎏ SID, and 5 ㎎/㎏ SID during the experiment periods, while the
SIADH dog who had received orally administered tolvaptan at doses of 3 ㎎/㎏
SID showed significant improvements. These differences are considered to be due to
their different vasopressin concentrations. The vasopressin concentration of the
SIADH dog was 50.56 pg/ml, which was extremely high compared with normal
dogs. As a treatment for hyponatremia secondary to SIADH, tolvaptan is attractive
because it addresses the underlying mechanism of water retention without resulting in
significant electrolyte losses6,28.
In human medicine, the US Food and Drug Administration has determined
that tolvaptan should not be used for longer than 30 days, and the Korean Ministry of
Food and Drug Safety has also cautioned against long term use of the drug over 30
days because of the risk of liver injury. Tolvaptan is a both substrate and inhibitor of
cytochrome P450 3A4; thus, it should not be used with other drugs known to be
metabolized by this system22,23. But, interestingly, in the authors’ experience, there
have been no abnormalities in serum biochemistry profile in administering tolvaptan
with omeprazole, which is also an inhibitor of cytochrome P450 3A4; a potent
improvement in electrolyte imbalance was even decreased when omeprazole was
stopped. Because dogs have a lower oral bioavailability of tolvaptan compared with
humans, coadministration of drugs that inhibit CYP3A4 might be an effective way to
increase the exposure time of tolvaptan. Central pontine myelinolysis is also a
possible side effect when there is rapid correction of severe hyponatremia1,2,23.
Therefore, clinicians may have to monitor electrolyte changes carefully during the
first administration of tolvaptan, and check liver function periodically.
Hydrocephalus is a recognized cause of SIADH in human medicine7,29, and
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there has been a report of a SIADH dog with hydrocephalus20. In this case, the
relationship between hydrocephalus and SIADH cannot be confirmed, but the
presence of both conditions simultaneously and the reported associations in human
medicine make such a relationship possible. As the owner agreed to a postmortem
examination, additional examination will be performed after the patient’s death, and it
is expected that the relationship between the two conditions will be revealed.
This is the first report of use of tolvaptan for therapeutic purposes in
veterinary medicine. Although further studies are required, the result of this report
suggest that the administration of tolvaptan to treat SIADH is an effective alternative
if fluid restriction does not sufficiently correct electrolyte imbalance.

１５

Figure 1. Dosage adjustment of tolvaptan for canine use. Dosage was calculated by
using human equivalent dose formula. Because tolvaptan's affinity to canine
vasopressin 2 receptors is 1.5 times lower than that for humans, the maximum dosage
was doubled.

１６

Figure 2. Skull sonography performed through the open fontanelle. The patient
showed severe bilateral ventriculomegaly and was diagnosed with congenital
hydrocephalus.
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Figure 3. Changes in electrolyte during diagnostic period. Electrolyte imbalance was
mildly improved after fluid restriction (black arrow), but the amelioration was not
enough.
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Table 1. Selected laboratory data from a dog with SIADH.
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Table 2. Diagnostic criteria for SIADH

２０

Figure 4. Changes in serum
ALT, AST, ALP, and r-GT
concentrations

following

administration of the drug,
which was administered at the
times of 0, 24, and 48. In each
figure, the upper and lower
dotted lines represent the
reference range.
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Figure 5. Changes in serum sodium concentration, serum
osmolarity,

and

packed

cell

volume

following

administration of the drug, which was administered at the
times of 0, 24, and 48. In each figure, the upper and lower
dotted lines represent the reference range.
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Urine Specific Gravity

Figure 6. Changes in urine specific gravity following administration of tolvaptan,
which was administered at the time of 0. While the groups of control and 0.5 ㎎/㎏
SID did not show any significant changes, the groups of 3 ㎎/㎏ SID and 5 ㎎/㎏
SID showed remarkable changes. Noteworthy, decreased levels of urine specific
gravity were observed 4 hours after drug administration, and the levels showed
gradual increases 8-24 hours after drug administration.
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Figure 7. Changes in serum sodium concentration following administration of the
drug. Tolvaptan was administered at the times of 0 and 24; A. 0.5 ㎎/㎏ SID, B. 1.5
㎎/㎏ SID, C. 3 ㎎/㎏ SID. While tolvaptan was administered at doses of 0.5 to 1.5
㎎/㎏ SID within the first 4 days, there was no significant improvement. In contrast,
marked amelioration was identified at doses of 3 ㎎/㎏ SID.
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Figure 8. Changes in urine specific gravity following administration of tolvaptan (3
㎎/㎏ SID). Tolvaptan was administered at the time of 0. Note that a decrease in
urine specific gravity was identified 3 hours after administration of the drug.
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Table 3. The dog has continued to receive tolvaptan at 3 ㎎/㎏ SID in the 9 months
since the trial, and there have been marked improvements in clinical signs. Although
right-sided circling persists, the frequency and extent are markedly improved. CBC,
biochemistry profile, and electrolyte measurement have been performed every 3
weeks following the trial, and the dog shows normonatremia and plasma
normoosmolality without any abnormalities.

26

Control vs 3 ㎎/㎏ : NS
Control vs SIADH : p<0.0001
3 ㎎/㎏ vs SIADH : p<0.0001

Control vs 3 ㎎/㎏ : NS
Control vs SIADH : p<0.0001
3 ㎎/㎏ vs SIADH : p<0.0001

Figure 9. Changes in serum sodium concentrations (A) and serum osmolarity (B) of
the groups of control, 3 ㎎/㎏ SID, and the SIADH patient after oral administration
of tolvaptan. The drug was administered at the times of 0, 24, and 48. Increased
values for the patient were identified, while the groups of control and 3 ㎎/㎏
showed no significantly changed values.
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Figure 10. Chemical structure of tolvaptan, an orally active, selective vasopressin 2
receptor antagonist

Table 4. Differences between aquaretics and diuretics
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국문 초록

개에서 바소프레신 2 수용체 길항제
(Tolvaptan, OPC-41061)의 안전성과 효과를
평가하기 위한 단기 연구와 임상 적용 증례
지도 교수: 윤 화 영
서울대학교 대학원
수의학과 수의내과학 전공
박상철

수의학에서 항이뇨호르몬 분비 이상 증후군은 드문 질환으로 현재 단 두
가지의 치료 방법만이 보고되어있다. 그와 반대로 인의에서 항이뇨호르몬
분비 이상 증후군은 상대적으로 잘 정의되어 있으며 다양한 치료 방법들이
보고되고 있다. 최근, 바소프레신 2 수용체 길항제가 개발되었으며 항이뇨
호르몬 분비 이상 증후군의 치료에 널리 이용되고 있다. 본 연구의 목적은
바소프레신 2 수용체 길항제인 톨밥탄의 안전성과 효능을 평가하고 개에
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서의 치료 용량을 확립하는 데에 있다. 정상 비글 견으로 구성된 대조군,
0.5 ㎎/㎏ SID, 3 ㎎/㎏ SID, 그리고 5 ㎎/㎏ SID의 군에 각기 설정된 용량의
톨밥탄을 3일간 투여하였다. 각 0, 4, 8, 12, 24, 48, 72 시간에 총혈구검사, 혈
청 생화학 검사, 혈청의 삼투질 농도, 요 비중을 검사하였다. 3 ㎎/㎏와 5 ㎎
/㎏군에서 투약 4 시간 이후 요 비중의 감소가 확인된 것 이외에는 그 어떤
이상이나 유의적인 변화를 보이지 않았다. 정상 비글 군에서 유의적인 변
화가 없었던 반면 3 ㎎/㎏ SID의 톨밥탄을 투약하는 항이뇨호르몬 분비 이
상 증후군에 걸린 개에서는 혈청 나트륨 농도와 혈청 삼투질 농도의 현저
한 개선이 관찰되었다. 35시간 사이에 혈청 나트륨 농도는 134에서 141
mmol/L로 서서히 상승되었다. 혈청 삼투질 농도 또한 281.56에서 292.25로
상승되었다. 3 ㎎/㎏ SID의 톨밥탄을 투약하는 항이뇨호르몬 분비 이상 증
후군에 걸린 개의 혈청 나트륨 농도와 혈청 삼투질 농도의 변화를 대조군,
그리고 3 ㎎/㎏ SID군과 비교하였을 때 통계적 유의성이 확인되었다
(p<0.0001). 이 개는 임상적용 시험 이후 9개월 째 3 ㎎/㎏ SID의 용량의 톨
밥탄을 투약하고 있고 저나트륨혈증과 관련된 임상증상을 보이지 않고 있
으며 정상 나트륨 농도와 정상 삼투질 농도를 보이고 있다. 비록 톨밥탄은
부주의한 사용 시 간 손상과 중심성 뇌교 수초 용해증이 유발될 수 있는
위험 요소를 가지고 있으나, 본 연구의 결과는 항이뇨호르몬 분비 이상 증
후군에서 음수 제한과 같은 기존의 치료방식들이 충분한 전해질 불균형의
개선을 이끌어내지 못할 때 톨밥탄의 투여가 효과적인 대안이 될 수 있음
을 보여 준다.

주요어 : Tolvaptan, SIADH, Vasopressin 2 receptor antagonist, Safety
학번 : 2012-23567
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