
An overview of satavaptan: a selective V2 
receptor antagonist

The increasing recognition of the risk of hypona-
tremia and its public health impact [1–4] has been 
matched by increasing interest in the new class of 
drugs, proven to correct hyponatremia, the argi-
nine vasopressin (AVP) V2 receptor antagonists 
(so-called vaptans).

Two vaptans have already been approved for 
the management of hyponatremia in the USA, 
and considerable research efforts have been 
devoted to develop other vaptans.

This article details the basic, animal and 
human studies of the AVP antagonist satavaptan.

Arginine vasopressin
Arginine vasopressin plays a major role in 
plasma Na+ regulation [5]. It is a hormone that 
is mainly synthesized in the hypothalamic para-
ventricular and supraoptic nuclei and stored in 
the posterior pituitary gland [2]. AVP release 
is normally controlled by serum osmolality. 
Changes in serum osmolality are sensed by spe-
cial osmoreceptors [6] and an increase in serum 
osmolality by as little as 1% triggers the release 
of AVP [7]. In addition, a drop in blood volume 
is sensed by baroreceptors, resulting in stimu-
lation of AVP secretion through a cascade of 
mechanisms [8]. Moreover, angiotensin II that 
is synthesized through the rennin–angiotensin–
aldosterone system directly stimulates the 
release of AVP [9,10].

AVP receptors
The actions of AVP are mediated by bind-
ing to a group of different receptor isoforms. 
These receptors are classified into three differ-
ent subtypes. V1A receptors are found mainly 
on the vascular smooth muscle cells, where 

AVP stimulation results in vasoconstriction 
[11,12]. V1B receptors are expressed on the cells 
of the anterior pituitary gland and throughout 
the brain [13] and, when stimulated, they medi-
ate acetylcholine (ACTH) release [14,15]. V2 
receptors are located mainly on the principal 
cells of the collecting ducts of the kidneys and, 
by binding to it, AVP allows water reabsorp-
tion [11,16]. AVP stimulation of V2 receptors 
that are located in the basolateral membrane 
of the renal tubular cells activates adenylate 
cyclase, leading to increased concentration 
of cyclic–3´–5´–adenosine monophosphate 
(cAMP), as well as activation of protein kinase 
A (PKA). PKA triggers the water channel aqua-
porin 2 (AQP2)-containing vesicles to fuse with 
the luminal plasma membrane of the collect-
ing duct, thereby allowing water to enter the 
cell [17]. Passive resorption of water through the 
basolateral membrane (AQP3 and AQP4) along 
osmotic gradients by way of other water chan-
nels into the vasa recta completes the process of 
reabsorption [17].

Pharmacology of satavaptan
The chemical structure of satavaptan 
(SR121463) is 1-[4-(N-tert-butylcarbamoyl)-
2-methoxybenzene sulfonyl]-5-ethoxy-3-spiro-
[4-(2-morpholinoethoxy)cyclohexane]indol-
2-one. It was synthesized in Sanofi Recherche, 
Toulouse, France [18].

SR121463 is an orally active, nonpeptide 
antagonist of AVP V2 receptors. It has been 
studied in different animal species (mice, 
rats, dogs, rabbits, bovines, monkeys and 
pigs) and humans. SR121463 displayed a high 
competitive aff inity for AVP V2 receptors 
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(0.6 ≤ Ki ≤ 4.1 nM); it inhibits, in a dose-
dependent manner, the AVP-specific binding 
to kidney medullo–papillary membranes of 
rat, bovine and human origin with nanomolar 
and even subnanomolar potency (Ki values of 
1.42, 0.64 and 4.1 nM, respectively). SR121463 
exhibits only weak affinities for other AVP 
and oxytocin (OT) receptors; it interacts with 
at least a 100-fold lower potency with V1A, 
V1B and OT receptors than with V2 recep-
tors, explaining its highly specific and selective 
V2 receptor antagonist activity [18–21].

The aquaretic effect of satavaptan was noted 
in multiple animal and human studies following 
oral and intravenous administration. It induces 
a dose-dependent increase in the urine flow rate 
(water clearance) and a decrease in urine osmo-
lality (Uosm) without major changes in uri-
nary Na+ and K+ excretion over a 24-h period 
following the drug administration.

In an experiment in normally hydrated 
conscious rats by Serradeil Le Gal, SR121463 
was administered intravenously at doses rang-
ing from 0.003 to 0.3 mg/kg, and orally at 
doses ranging from 0.03 to 10 mg/kg. Both 
routes of administration induced a dose-
dependent increase in the urine flow rate and 
decrease in Uosm. The intravenous dose was 
five-times more potent than the oral dose, an 
effect consistent with good bioavailability for 
SR121463 [18].

The maximum effect was reached in a 
2-h period after oral administration of dif-
ferent doses of SR121463. The higher doses 
(3–10 mg/kg) had an effect lasting 6–24 h after 
administration in normally hydrated conscious 
rats [18].

In a clinical trial in humans, satavaptan was 
reported to have a long half-life of 14–17 h, with 
maximum plasma concentrations 3 h after dos-
ing. The mean plasma concentration increased 
with dosage and duration of drug administra-
tion and stabilized on day 5 [22]. SR121463 
was 94.5–96% bound to plasma proteins and 
its major route of excretion in animals was 
via feces.

safety of satavaptan
Safety pharmacology studies demonstrated that 
SR121463 was well tolerated in mice, rats and 
dogs with no major effects on cardiovascular 
and respiratory function, central and autonomic 
nervous systems, hydro-electrolytic balance and 
gastrointestinal function. SR121463 was evalu-
ated for general toxicity in single and repeated 
administration studies in rodents and nonrodent 

species. Effects attributable to the pharmaco-
logical V2R action of SR121463 (i.e., dehydra-
tion due to exaggerated pharmacological activity 
at AVP V2 receptors) were reported. Intravenous 
and oral safety margins, based on pharmaco-
logically active dosages and no observed effect 
dosages for target organ toxicity, are over 
100-fold for rats.

No genotoxicity or mutagenicity was 
observed in the Ames and DNA repair tests 
in vitro [20].

effects of satavaptan 
in hyponatremia
Antagonism of the V2 receptor increases free 
water excretion causing hypoosmolar urine, 
enhanced diuresis and increased serum Na+ levels.

 n Animal studies 
Several animal studies on satavaptan were con-
sistent with the aforementioned effects and 
have demonstrated the aquaretic effect of sat-
avaptan (Table 1) [23–28]. In an experiment by 
Lacour et al. [26], acute oral administration of 
SR121463 to rats induced a dose-dependent 
aquaresis accompanied by an increase in AVP 
and aldosterone excretion. This early hormonal 
increase was a compensatory mechanism for the 
increase in plasma osmolality. This is consis-
tent with the earlier observation: a 1% change 
in plasma osmolality could change plasma 
AVP concentration by 1 pg/ml in healthy sub-
jects [29]. However, with chronic treatment, 
urine volume and aldosterone excretion fell 
by 40% while urine AVP remained constant. 
In another experiment by Perucca et al. [30], 
intraperitoneal injection of satavaptan in rats 
induced natriuretic effect within the first 4–6 h 
of treatment. This natriuretic effect remained 
far smaller than its diuretic effect and sevenfold 
less than that induced by furosemide. Moreover, 
the natriuretic effect was not apparent in the 
24-h urine sample as compensatory Na+ reten-
tion occurred after initial Na+ loss. This small 
natriuretic effect of V2 receptor antagonists dur-
ing the first 4–6 h was also observed in other 
studies [26,31].

 n Human studies
In a multicenter, randomized, double-blind, 
placebo-controlled study, Soupart et al. studied 
the effect of satavaptan in patients with the syn-
drome of inappropriate antidiuretic hormone 
secretion (SIADH) [22]. This study had a short- 
and long-term part; the short-term had two 
phases. In the 5-day double-blind phase, nine 
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An overview of satavaptan: a selective V2 receptor antagonist Drug Evaluation

patients received placebo, 14 patients received 
satavaptan 25 mg/day and 12 patients received 
satavaptan 50 mg/day. A total of 34 patients 
with serum Na+ concentration between 115 
and 132 mmol/l completed the double-blind 
phase. Responders to this treatment were 
defined as patients who achieved normaliza-
tion of serum Na+ concentration within a range 
of 135–145 mmol/l, or an increase in serum 
Na+ concentration by at least 5 mmol/l from 
baseline over at least 24 h during the double-
blind period. Both satavaptan groups achieved 
dose-related higher serum Na+ concentration 
compared with placebo (136 ± 3 mmol/l in the 
25-mg group [p = 0.011] and 140 ± 6 mmol/l 
in the 50-mg group [p < 0.0001], compared 
with 130 ± 5 mmol/l in the placebo group). 
Responders were 79% (11 out of 14 patients) in 
the 25-mg group, 83% (ten out of 12 patients) 
in the 50-mg group and 13% (one out of 
eight patients) in the placebo group. Median 
times to reach response in serum Na+ con-
centration were 63 h (p = 0.010) and 30 h 
(p = 0.002) for satavaptan 25 and 50 mg/day, 
respectively. The median time was over 120 h 
for the placebo group.

Both satavaptan groups achieved significantly 
more diuresis than placebo at the end of the 
double-blind period, as measured by the 6-h 
postdose diuresis: 573 ± 423 ml in the 25-mg 
group and 488 ± 392 ml in the 50-mg group, 
compared with 10 ± 179 ml in the placebo group. 
The drop in Uosm at the end of the double-blind 
phase, as measured by the 6-h postdose Uosm, 
was only statistically significant in the satavap-
tan 50 mg/day group (p = 0.044 vs placebo). At 
the end of the double-blind period, there was 
no significant change from baseline in body-
weight, thirst index, fluid intake, plasma AVP 
and plasma renin in both satavaptan-treated 
groups compared with placebo.

A total of 34 patients entered a 23-day open-
label phase. During the open-label adjustment 
period, mean serum Na+ concentration remained 
in the normal range (137 ± 4 mmol/l). There 
were 79% of patients that received 25 mg/day 
of the compound.

Out of the 34 patients who entered the short-
term study, 18 patients were included in the long-
term study (at least 12 months). The patients 
received satavaptan 12.5, 25 or 50 mg/day based 
on serum Na+ concentration. The mean serum 
Na+ concentrations were 138 ± 3, 138 ± 5 and 
140 ± 3 mmol/l at 6, 8 and 12 months, respec-
tively. No adverse events related to satavaptan 
were noted during this period.Ta
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The safety of satavaptan was assessed dur-
ing the double-blind phase of the study. Five 
patients in the 25-mg and four in the 50-mg 
group had over 8 mmol/l increase in serum 
Na+ concentration within 24 h after the first 
dose. One patient in the 50-mg group had 
an increase of over 18 mmol/l in 48 h. One 
patient in the 25-mg group experienced mild 
intensity vomiting.

During the double-blind period, two patients 
(one in the 25-mg and one in the 50-mg group) 
developed hypernatremia with serum Na+ con-
centrations of 146 and 156 mmol/l, respectively. 
The satavaptan 25-mg patient had mild inten-
sity vomiting that resolved spontaneously while 
the other patient was asymptomatic. During 
the open-label period, five patients (four in the 
25-mg and one in the 50-mg group) developed 
hypernatemia (Na+ concentration between 146 
and 161 mmol/l). One patient on satavaptan 
25 mg had nausea, rigors and confusion, and 
the other four were asymptomatic.

During the overall exposure to satavap-
tan (double-blind and open-label periods), 
18 (51%) patients experienced at least one 
adverse event. In one patient only, the investi-
gator considered the adverse events (polyuria, 
nausea, moderate rigors and confusion) related 
to the study treatment. Seven (20%) patients 
had serious adverse events including sepsis 
(leading to death), respiratory failure (with 
recovery), bronchitis (with recovery), gas-
trointestinal hemorrhage (leading to death), 
vasculitis (leading to death), pneumonia (lead-
ing to death) and malignant brain neoplasm 
(leading to death).

None of the serious adverse events were 
considered by the investigators to be related to 
the study treatment. Other adverse events not 
related to satavaptan treatment were urinary 
tract infection (one patient in each of the 25- 
and 50-mg groups), vomiting (one patient in 

the 25-mg group), pruritus (one patient in the 
25-mg group), and one patient had stomatitis 
and one had cryogloblulinemia in the placebo 
group. Overall, three (9%) patients withdrew 
from the study treatment as a result of serious 
adverse events (see Table 2 for other side effects).

role of satavaptan in cirrhosis
 n Animal studies

The use of satavaptan in cirrhosis was tested in 
one animal model. Jimenez et al. showed that 
cirrhotic rats receiving satavapan had a higher 
urine flow rate and lower Uosm with normal-
ization in serum Na+ concentration and serum 
osmolality [32].

 n Human studies
Previous studies have shown that V2 receptor 
antagonists are effective in improving serum Na+ 
concentration in patients with cirrhosis, ascites 
and dilutional hyponatremia [33–35].

The use of satavaptan in cirrhosis has been 
tested in two prospective, multicenter, random-
ized, double-blind, placebo-controlled stud-
ies by Gines et al., one study in hyponatremic 
patients [36] and one study in patients without 
significant hyponatremia [37].

In the first study, 145 patients with evidence 
of cirrhosis by biopsy or combination of clinical, 
biochemical, ultrasonographic and endoscopic 
findings were screened. All had moderate or 
tense ascites and a serum Na+ concentration of 
130 mmol/l or lower.

Patients entered a 5–7-day screening period 
during which they received spironolactone at 
100 mg/day. After screening, 35 patients were 
excluded for different reasons. The remaining 
110 patients were randomized to a 14-day treat-
ment of single daily dose placebo (28 patients), 
satavaptan 5 mg/day (28 patients), 12.5 mg/day 
(26 patients) and 25 mg/day (28 patients). Out 
of 110 patients, 99 completed the study.

Table 2. Changes in blood pressure, heart rate and sodium levels in hyponatremic patients treated with 
satavaptan versus placebo.

Changes double-blind period

Placebo (n = 9) 25 mg (n = 14) 50 mg (n = 12)

Mean decrease in standing systolic blood pressure (mmHg) 6 ± 23

Mean decrease in standing diastolic blood pressure (mmHg) 8 ± 14

Patients with orthostatic hypotension (%) 4 (44%) 8 (67%) 5 (50%)

Mean change in heart rate (beats per min) 6 ± 23 6 ± 14 2 ± 10

Patients with increase in serum sodium >8 mmol/l within 24 h 5 4

Patients with increase in serum sodium >18 mmol/l within 48 h 1

Patients developed hypernatremia (serum Na+ concentration ≥145 mmol/l) 1 1
Data taken from [23].
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The first primary efficacy end point was the 
change in bodyweight from baseline (day 1) to 
the end of the study treatment period (day 14). 
There was less weight gain with the satavaptan 
5-mg group (0.15 ± 4.23 kg) compared with 
placebo (0.49 ± 4.99 kg), and even weight 
loss with 12.5 and 25 mg/day (-1.59 ± 4.6 and 
-1.68 ± 4.98 kg, respectively; p = 0.05). There 
were no significant differences between the three 
groups of patients treated with satavaptan and 
the group of patients treated with placebo.

The other primary efficacy end point was 
the change in serum Na+ concentration from 
baseline (day 1) to day 5; 1.3 ± 4.2, 4.5 ± 3.5, 
4.5 ± 4.8 and 6.6 ± 4.3 mmol/l for the pla-
cebo, satavaptan 5, 12.5 and 25 mg/day groups, 
respectively (p < 0.01).

The effects on secondary eff icacy end 
points were consistent. Satavaptan 5, 12.5 and 
25 mg/day had greater reduction in abdomi-
nal girth from baseline to the end of the study 
treatment compared with placebo (0.0 ± 6.9, 
-3.0 ± 4.3, -2.3 ± 6.4 cm for satavaptan 5, 
12.5, 25 mg/day, respectively compared with 
1.4 ± 5.9 cm, p< 0.05 for placebo). The com-
posite end point of ascites worsening was 
defined as the need for therapeutic interven-
tion or weight gain of 2 kg or more during 
the study period. A total of 40 patients met 
this end point, of which 28 had weight gain, 
ten had an increase in diuretic dose and one 
underwent paracentesis. A larger percentage of 
patients with ascites worsened in the placebo 
group compared with satavaptan groups (pla-
cebo: 15/28 [54%], 5 mg/day: 11/28 [39%], 
12.5 mg/day: 8/26 [32%] and 25 mg/day: 6/28 
[21%]). The difference reached statistical sig-
nificance for the 25-mg/day group compared 
with placebo (p = 0.026).

In addition, a greater percentage of patients 
in the satavaptan groups showed improvement 
of serum Na+ concentration at day 5 (or at 
discharge if sooner) compared with the pla-
cebo group. That was defined as an increase in 
serum Na+ concentration of 5 mmol/l or more 
compared with baseline or serum Na+ concen-
tration of 135 mmol/l or more (placebo: 5/28 
[18%], 5 mg/day: 17/28 [61%], 12.5 mg/day: 
14/26 [54%] and 25 mg/day: 18/28 [64%] 
(p < 0.02 for all satavaptan groups versus pla-
cebo). Similarly, the responders at the end of 
the treatment period (day 14) were seven out 
of 28 (26%), 14 out of 28 (50%), 14 out of 26 
(54%) and 23 out of 28 (82%), for placebo, 
satavaptan 5, 12.5 and 25 mg/day, respectively. 
Moreover, satavaptan groups had a shorter 

median time to improvement in serum Na+ 
concentration: 1 day in the 25-mg group and 
2 days in the 5- and 12.5-mg groups. Changes 
in serum osmolality paralleled changes in 
serum Na+ concentration.

The effect on urine volume was recorded. All 
satavaptan groups showed a greater mean change 
in urine volume compared with placebo (placebo: 
-56 ± 739 ml/day; 5 mg/day: 756 ± 770 ml/day 
[p = 0.06]; 12.5 mg/day: 1644 ± 2183 ml/day; 
25 mg/day: 989 ± 1470 ml/day [p < 0.001 for 
both groups]). Serum creatinine, glomerular 
filtration rate assessed by modification of diet 
in renal disease [38], serum K+ and urinary K+ 
excretion remained unchanged throughout 
the study period. However, the urinary Na+ 
excretion increased significantly in the 12.5-
mg/day group (placebo: 4 mmol/day; 5 mg/day: 
1 mmol/day; 12.5 mg/day: 34 mmol/day 
[p < 0.05]; 25 mg/day: 7 mmol/day).

Satavaptan groups did not have any signifi-
cant changes in systolic and diastolic blood pres-
sure, heart rate and the activity of the rennin–
angiotensin–aldosterone system. There was an 
increase in serum vasopressin that paralleled the 
dose of satavaptan. 

Treatment-emergent adverse events (TEAEs) 
were reported with similar frequency in the pla-
cebo group compared with the satavaptan 5-, 
12.5- and 25-mg groups (TEAEs: 17 [61%], 14 
[50%], 14 [54%] and 16 patients [57%], respec-
tively; serious TEAEs: five [18%], four [14%], 
four [15%] and five patients [18%], respec-
tively). Thirst was the only side effect that was 
significantly more frequent in patients treated 
with satavaptan. None of the patients who had 
rapid correction of serum Na+ concentration 
developed neurologic symptoms. There was a 
low frequency of hypernatremia, which could be 
explained by the fact that patients were allowed 
free access to water. Moreover, satavaptan had 
showed no effect on hemodynamic parameters 
(Table 3 summarizes TEAEs).

In the second study [37], 176 patients with 
evidence of cirrhosis, moderate or tense asci-
tes and serum Na+ over 130 mmol/l entered 
a 5–7-day screening period and received daily 
doses of spironolactone 100 mg and furose-
mide 20–25 mg. After screening, 28 patients 
were excluded for different reasons and the 
remaining 148 patients were enrolled in a 
14-day study comparing three fixed daily doses 
of satavaptan, 5 mg (40 patients), 12.5 mg 
(35 patients) and 25 mg (38 patients) versus 
placebo (35 patients). A total of 137 patients 
completed the study.
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The primary efficacy end point was a change in 
bodyweight from day 1 to the end of study period 
(day 14). Satavaptan was associated with a sig-
nificant reduction of bodyweight compared with 
placebo. Mean changes in bodyweight from base-
line to day 14 for the placebo and satavaptan 5-, 
12.5- and 25-mg/day groups were: -0.36 ± 3.03, 
-2.46 ± 3.11, -2.08 ± 4.17 and -2.28 ± 3.24 kg, 
respectively (p = 0.036, p = 0.041 and p = 0.036 
for satavaptan 5, 12.5 and 25 mg/day, respectively, 
compared with placebo).

For the secondary end points the satavaptan 
groups experienced less abdominal discomfort 
as measured by a visual analogue compared with 
placebo (-10.7 ± 31, -6.0 ± 39 and -6.3 ± 25 
in 5, 12.5 and 25 mg/day, respectively, versus 
1.7 ± 29 in the placebo group) and the per-
centage of patients with ascites worsening was 
higher in the placebo group (28.6%), compared 
with the groups treated with satavaptan 5, 12.5 
and 25 mg/day (10.5, 17.1 and 10.5%, respec-
tively), although the differences did not reach 
statistical significance.

The percentage of patients with a weight 
loss of 2 kg or more at day 14 was greater in 
the satavaptan groups (55.3, 45.7 and 44.7%, 

in patients treated with 5, 12.5 and 25 mg/day, 
respectively), compared with placebo (28.6%), 
although the difference was only statistically 
significant for the 5 mg/day group (p = 0.033).

In addition, satavaptan caused a dose-depen-
dent increase in urine volume that occurred after 
the first dose and was maintained through the 
study period.

Regarding the effect on serum electrolytes, 
only the satavaptan 25 mg group caused a sta-
tistically significant increase in serum Na+. No 
significant changes were observed in serum cre-
atinine, glomerular filtration rate, urinary Na+ 
and potassium excretion, heart rate and arterial 
pressure. Plasma AVP increased significantly in 
parallel to the dose of satavaptan, and plasma 
renin significantly increased in the 12.5- and 
25-mg groups.

Treatment-emergent adverse events were 
examined (Table 4): satavaptan groups 5, 12.5 and 
25 mg had TEAEs in 21 (52.5%), 18 (51.4%) 
and 22 (57.9%) patients, respectively, compared 
with 13 (37.1%) patients in the placebo group.

Serious TEAEs were reported with a similar 
frequency in the placebo group compared with 
the satavaptan 5-, 12.5- and 25-mg groups 

Table 3. Frequency of adverse events and side effects in cirrhotic patients treated with satavaptan 
versus placebo.

side effects and adverse events Placebo (n = 28) satavaptan

5 mg/day (n = 28) 12.5 mg/day (n = 26) 25 mg/day (n = 28)

Thirst 1 (4%) 1 (4%) 2 (8%) 8 (29%)

Hypernatremia (serum Na+ 
concentration ≥145 mmol/l)

1 1

Rapid increase in serum Na+ 
concentration (≥8 mmol/l in 24 h)†‡ 4 2 3 4

Complications of cirrhosis 3 2 5 5
†No neurologic symptoms.
‡Occurred during the first 5 days of therapy.
Data taken from [36].

Table 4. Frequency of adverse events and side effects in cirrhotic patients treated with satavaptan 
versus placebo.

side effects and adverse events Placebo (n = 35) satavaptan

5 mg/day (n = 40) 12.5 mg/day (n = 35) 25 mg/day (n = 38)

Thirst 2 (5.7%) 6 (15%) 10 (28.6%) 10 (26.3%)

Hypernatremia (serum Na+ 
concentration ≥145 mmol/l) 1 (3.2%) 5 (12.5%) 5 (19.2%) 9 (27.3%)

Rapid increase in serum Na+ 
concentration (≥8 mmol/l in 24 h)†‡ 2 2 4

Renal impairment (increase in serum 
creatinine >50% from baseline) 2 (5.7%) 2 (5%) 1 (2.9%) 1 (2.6%)

Complications of cirrhosis 3 1 2
†No neurologic symptoms.
‡Occurred during the first 2 days of therapy. 
Data taken from [37].
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(four [11.4%], four [10%], three [8.6%] and 
three patients [7.9%], respectively). Thirst was 
more common in the satavaptan groups com-
pared with placebo (placebo: two [5.7%]; 5 mg: 
six [15%]; 12.5 mg: ten [28.6%]; 25 mg: ten 
[26.3%] patients). Hypernatremia occurred 
in one patient treated with placebo (3.2%), 
five (12.5%) patients treated with satavaptan 
5 mg/day, five (19.2%) patients treated with 
12.5 mg/day and nine (27.3%) patients treated 
with 25 mg/day, and it was related to pretreat-
ment plasma Na+ level. None of the patients who 
had rapid correction of serum Na+ developed 
 neurologic symptoms.

In summary, this study showed similarly effi-
cacy in reducing bodyweight with the three doses 
of 5, 12.5 and 25 mg with the best safety/efficacy 
ratio noted with the 5-mg dose.

role of satavaptan in heart failure
Satavaptan has been studied in a heart failure 
model in rats. Bishara et al. showed that acute 
treatment with satavaptan caused significant 
diuresis and reduced Uosm [39]. Chronic treat-
ment for 28 days increased urine volume two- to 
five-fold throughout the study period and caused 
a reduction in heart weight and an improvement 
in cardiac hypertrophy. This effect on cardiac 
remodeling is speculated to be secondary to 
the improvement in the hemodynamic status 
in heart failure rats by reducing preload due to 
its potent diuretic effect. In addition, satavap-
tan decreased the heart weight/body weight 
ratio by abolishing weight gain in the treated 

rats compared with the control group. By con-
trast, Van Kerckhoven et al. showed no effect 
of 21-day treatment with satavaptan on cardiac 
hyper trophy in rats with heart failure induced by 
ligation of coronary arteries (Table 5) [40] . These 
results warrant further studies to evaluate this 
potential use of satavaptan.

role of satavaptan in the treatment 
of autosomal dominant polycystic 
kidney disease
V2 receptors are mainly expressed in the renal 
collecting ducts and activation of these receptors 
results in marked proliferation of renal epithe-
lial cells in autosomal dominant polycystic kid-
ney disease [41,42]. V2 receptor antagonists have 
shown potential to prevent the progression of this 
disease [43,44]. To examine the potential effect of 
satavaptan on halting cellular growth, Bolignano 
et al. tested increasing doses of satavaptan on 
cell apoptosis in V2-R+ renal tubular line Lilly 
Laboratories Cell–Porcine Kidney (LLC–PK1) 
and V2-R- ovarian Chinese Hamster (CHO) 
line [45]. Satavaptan caused dose-dependent 
increase in apoptosis percentage. This study 
should encourage more research on the potential 
use of satavaptan in the treatment of autosomal 
dominant polycystic kidney disease.

role of satavaptan in renal cell 
cancer treatment
There is recent evidence that different types 
of cancer cells express AVP receptors [46–48]. 
For example, breast cancer cells overexpress 

Table 5. effects of satavaptan in animal models of heart failure.

study species Condition 
of species

Intervention results ref.

Bishara et al. Rats
(male Sprague-
Dawley)

CHF induced 
by arterio-
venous fistula

Acute studies: 

•	 0.3 mg/kg iv. SR121463B 
Chronic studies: 

•	 ip. 3 mg/kg/day SR121463B 
for 7 and 28 days or oral 
3 mg/kg/day SR121463B 
for 7 days

Acute studies: 

•	 SR121463B increased Uv and reduced Uosm 
without significant natriuretic effect or reduction 
in MAP in both control and CHF rats

Chronic studies: 

•	 Oral and ip. SR121463B for 7 days produced 
significant increase in cumulative Uv. Only oral 
SR121463B caused decrease in Uosm
 - 7 days of SR121463B did not affect 

cardiac hypertrophy
 - 28-day treatment with SR121463B reduced 

heart weight

[39]

Van 
Kerckhoven 
et al.

Rats
(male Wistar)

MI induced by 
ligating the 
left anterior 
descending 
artery

sc. SR121463B for 21 days Did not improve cardiac output, stroke volume or 
cardiac remodeling. No effect on MAP, pre- and 
post-load

[40]

CHF: Congestive heart failure; ip.: Intraperitoneal; iv.: Intravenous; MAP: Mean arterial pressure; MI: Myocardial infarction; sc. Subcutaneous; Uosm: Urine osmolality; 
Uv: Urine volume.
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V1A receptor and applying a V1A receptor 
antagonist inhibits the mitogenic effect of 
pro-AVP [49]. Since the V2 receptor is mainly 
expressed on the surface of renal collect-
ing ducts; it is unclear whether AVP and V2 
receptor blockade have an effect on renal cell 
cancer growth. Bolignano et al. demonstrated 
that CAKI-2 and A498 cell lines, derived from 
primary clear cell renal carcinoma from male 
and female patients, express V2 receptors [50]. 
In addition, he found that DDAVP stimulates 
cellular proliferation in both cell lines. This 
growth was completely prevented by the addi-
tion of satavaptan 1 nM. This opens new thera-
peutic potentials for the use of satavaptan in the 
treatment of various types of cancer. A valida-
tion of this therapeutic potential of  satavaptan 
is needed in in vivo models.

role of satavaptan in glaucoma
Glaucoma is a group of diseases characterized 
by a progressive damage of the optic nerve lead-
ing to impairment of the visual field. Elevated 
intraocular pressure (IOP) represents a major 
risk factor for glaucoma. Different mechanisms 
regulate the IOP, including: the rate of aque-
ous humor secretion; the outflow through the 
trabecular meshwork; the uveoscleral outflow; 
and the episcleral venous pressure.

Most of the treatments that are available 
for glaucoma are directed towards lowering 
the IOP. b-adrenergic antagonists and car-
bonic anhydrase inhibitors decrease the aque-
ous humor production. Cholinergic agonists 
increase the trabecular meshwork outf low. 
Prostaglandin analogs increase the uveoscleral 
outflow and a-adrenergic agonists have mixed 
effects. However, none of these treatments 
are satisfactory in terms of duration of action, 
absence of tachyphylaxis, easy administration 
or tolerance, hence the search for different 
 treatments continues.

As vasopressin-like peptides were found in the 
rabbit anterior uvea, Lacheretz et al. designed a 
study to assess a possible effect of selective V2 
receptor antagonist (satavaptan) on IOP in an 
animal model of glaucoma [51].

In their study, they demonstrated that sat-
avaptan induced a significant decrease in IOP 
after instillation in the hypertensive eye in an 
animal model of ocular hypertension. The dura-
tion of action was 6–8 h, and the effect was 
maintained after repeated instillations with no 
contralateral IOP changes in the other eye or 
systemic effects. When the drug was applied 
on a normotensive eye, no effect was noticed. 

After systemic administration, satavaptan had 
the same lowering effect of IOP of the hyper-
tensive eye without affecting the pressure on the 
normotensive one.

Since V2 receptors have not been found in 
eye structures, the activity of satavaptan remains 
unexplained. Further studies should be carried 
out before this drug becomes commercially 
available to treat glaucoma.

role of satavaptan in 
diabetic nephropathy
In patients with Type 1 and 2 diabetes mellitus, 
AVP levels are elevated [52]. This is also docu-
mented in rats with induced or genetic diabetes 
mellitus [53,54]. This elevation in AVP is believed 
to play a role in diabetes-induced albuminuria 
through interaction with V2 receptors in rats 
and humans [55–57], hence the potential use of 
V2 receptor antagonists to help prevent dia-
betic nephropathy. In a study by Bardoux et al., 
chronic satavaptan treatment has been shown to 
prevent the elevation of urinary albumin excre-
tion in rats with induced diabetes compared 
with a control group without treatment [58]. This 
potential use of V2 receptor antagonists deserves 
more evaluation in humans.

effect of satavaptan on renal 
immune response & 
antibacterial defense
Pyelonephritis is a very common infection 
and usually caused by Gram-negative bacte-
ria. Collecting duct cells are the preferential 
intrarenal site of bacterial adhesion and initia-
tion of inflammatory response. Toll-like recep-
tor 4, which recognizes lipopolysaccharides 
(LPSs), constituents of the outer membrane of 
Gram-negative bacteria, plays a central role in 
initiating the antibacterial host response via 
activation of the nuclear transcription factor 
NF-kb signaling pathway and the subsequent 
production of chemokines and cytokines [59].

Previous studies have shown that increased 
cell cAMP levels inhibit the TNF-a-, LPS- 
and IL-1b-stimulated expression of adhesion 
molecules and signaling molecules in a variety 
of cell types [60–63]. AVP, via its stimulatory 
action on cell cAMP content, might therefore 
inhibit the activation of collecting duct cells  
after bacterial colonization of the kidney. This 
was confirmed by Chassin et al., who showed 
that the pure V2R agonist dDAVP induced a 
dose-dependent decrease of the LPS-induced 
activation of NF-kb, macro phage inflamma-
tory protein 2 (MIP-2) and TNF-a in vitro 
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and in vivo [64]. SR121463B produced concen-
tration-dependent antagonism of the inhibi-
tory action of dDAVP on LPS-induced MIP-2 
secretion. Therefore, this study supports the 
use of satavaptan in pyelonephritis: firstly, by 
stimulating the expression of proinflammatory 
mediators to kill the uropathogenic Escherichia 
coli colonizing the kidneys and, secondly, by the 
aquaretic effect, blocking retrograde bacteria 
ascent by mechanic dilution. Thus, this study 
shows for the first time an immune role of V2R 
involved in antibacterial host defense playing a 
key role in urinary infections.

regulatory status of satavaptan
On 23 May 2008, Sanofi-Aventis officially noti-
fied the Committee for Medicinal Products for 
Human Use (CHMP) that it wishes to with-
draw its application for a marketing authoriza-
tion for satavaptan (Aquilda®), for the treatment 
of euvolemic and hypervolemic dilutional hypo-
natremia based on the request of the CHMP 
for additional information on the therapeutic 
safety and efficacy of satavaptan. The main 
concern of the CHMP was related to the effec-
tiveness of the medicine, since there were too 
few patients treated and they were not treated 
for long enough. The CHMP noted that all of 
the studies looked at the effect of satavaptan on 

blood Na+ levels, and did not look at its effect 
on measures that are more relevant to patients, 
such as the improvement in symptoms. The 
CHMP also noted that correcting Na+ levels 
in patients with hypervolemic hyponatremia is 
of limited benefit unless it helps to treat the 
underlying liver or heart disease [101].

Conclusion
Satavaptan is a selective V2 receptor antago-
nist that appears promising the treatment of 
hyponatremia and cirrhotic ascites. In addi-
tion, its potential use for other conditions such 
as polycystic kidney disease, renal cell carci-
noma, glaucoma, diabetic nephropathy and 
pyelonephritis needs further exploration. 
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executive summary

Arginine vasopressin hormone
 � Arginine vasopressin hormone (AVP) plays a major role in plasma Na+ regulation.
 � Its secretion is controlled by changes in plasma osmolality, status of volume and angiotensin II.
 � AVP stimulation of V2 receptors allows water reabsorption through aquaporin 2 channels in renal collecting duct cells.

Satavaptan (SR121463)
 � Is an orally active, nonpeptide antagonist of AVP V2 receptors that has been shown to do the following:

 - Preclinical studies:
 - Induces a dose-dependent increase in urine flow rate (water clearance), and a decrease in urine osmolality without significant 

change in urinary Na+ and K+ excretion in normal rats and in hyponatremic cirrhotic rats. 
 - Possible but not confirmed beneficial effect on cardiac hypertrophy in rat models with heart failure.
 - Dose-dependent increase in apoptosis in renal tubule cells carrying V2 receptors, suggesting a potential for use in autosomal 

dominant polycystic kidney disease.
 - Inhibits clear renal cell carcinoma growth in vivo.
 - Induces a significant decrease in intraocular pressure after topical and systemic administration in a rat model of ocular hypertension 

without affecting normotensive eye.
 - Prevents the increase of urinary albumin excretion in rats with induced diabetes.
 - It normalizes serum Na+ in hyponatremia cirrhotic rats.
 - Potential use in pyelonephritis through stimulating proinflammatory mediators to kill bacteria colonizing the kidneys and by 

blocking retrograde bacteria ascent by mechanic dilution.
 - Clinical studies:

 - Corrects hyponatremia in patients with syndrome of inappropriate antidiuretic hormone secretion and cirrhosis.
 - A promising effect in the treatment of cirrhotic ascites.

 - Medication marketing status:
 - The application for marketing satavaptan for the treatment of euvolemic and hypervolemic hyponatremia was withdrawn based 

on a request from the Committee for Medicinal Products for Human Use for additional information on the therapeutic safety and 
efficacy of satavaptan. 
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