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Clinical Application of V2 Receptor Antagonists

11 Hwan Oh and Gheun-Ho Kim
Department of Internal Medicine, Hanyang University College of Medicine, Seoul, Korea

Hyponatremia results from a relative excess of total body water compared with the sodium content. Except for primary
polydipsia, vasopressin activation plays a major role in pathogenesis of water retention. Consequently, the increase of
solute-free water clearance by inactivating vasopressin action would be a more reasonable therapeutic approach than the
addition of sodium. The V2 vasopressin receptor is mainly localized to the collecting ducts in the kidney and causes water
reabsorption via water channels. Selective V2 receptor antagonists or vaptans were recently introduced to clinical practices and
may be useful for correcting dilutional hyponatremia. Clinical trials have shown that vaptans are effective in increasing the serum
sodium concentration in patients with syndrome of inappropriate anti-diuresis and congestive heart failure and that they might be
safe as long as patients are allowed free accesses to water. However, the indications for using vaptans need to be more refined, and
the question of their long-term cost-effectiveness should be answered. In addition, the potential roles of vaptans in ameliorating
the growth of cysts in polycystic kidney disease, saving diuretics in edematous disorders, and retarding the progression of
chronic kidney disease are being explored. (Korean J Med 2013;85:686-694)

Keywords: Complication; Critically-ill; Prevention; ICU
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Table 1. Pathogenesis of hyponatremia

Causes Prototypes

Primary water retention
Excessive water intake Primary polydipsia
SIAD

Secondary water retention (primary sodium deficit)

Impaired urinary dilution

Absolute hypovolemia Sodium loss

Effective arterial blood volume deficiency CHF, LC, NS

SIAD, Syndrome of inappropriate anti-diuresis; CHF, congestive
heart failure; LC, liver cirrhosis; NS, nephrotic syndrome.

Table 2. Vasopressin receptor location and functions

A Agatk RAEG RF TN Hole] 01T
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Receptor Localization Functions

Vla Vascular smooth muscle Vasoconstriction, myocardial hypertrophy
Platelets Platelet aggregation
Hepatocytes Glycogenolysis, urea synthesis
Myometrium Uterine contraction

V1b (or V3) Anterior pituitary ACTH release

V2 Kidney tubule Urinary concentration

Vascular endothelium

Vascular smooth muscle

vWF and factor VIII release

Vasodilation

ACTH, adrenocorticotropin hormone; vWF, von Willebrand factor.

Adapted by permission from Macmillan Publishers Ltd: Kidney Int (Reference 2) 2006.
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Table 3. Conventional treatment for hypotonic euvolemic or hypervolemic hyponatremia

Therapy Application

Limitations

Isotonic saline solution Hypovolemic hyponatremia
Hypertonic saline
Fluid restriction Dilutional hyponatremia
Loop diuretics

Demeclocycline Dilutional hyponatremia
Urea Euvolemic hyponatremia

Increased solute intake

Hyponatremia with serious signs and symptoms

Dilutional hyponatremia, especially hypervolemic hyponatremia

Hyponatremia secondary to decreased solute intake

Ineffective in dilutional hyponatremia
Possible overly rapid correction
Modest efficacy, but poor compliance
Electrolyte imbalance

Slow onset of action, nephrotoxicity
Unpleasant taste, limited experience

Unpleasant taste, limited experience

Adapted from Reference 9, Am J Kidney Dis 62:366, Lehrich RW, Ortiz-Melo DI, Patel MB, Greenberg A, Role of vaptans in the man-

agement of hyponatremia, © 2013, with permission from Elsevier.
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Figure 1. Arginine vasopressin-induced change in water perme-

Basolateral

ability in the collecting duct. VR2, vasopressin 2 receptor;
cAMP, cyclic 3',5'-adenosine monophosphate; PKA, protein
kinase A; AQP-2, aquaporin 2; AQP-3, aquaporin 3; AQP-4,
aquaporin 4. Adapted from Reference 9, Am J Kidney Dis,
62:368, Lehrich RW, Ortiz-Melo DI, Patel MB, Greenberg A,
Role of vaptans in the management of hyponatremia, © 2013,
with permission from Elsevier.
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Figure 2. Effects of the oral administration of OPC-41061 or furosemide alone on serum parameters in conscious male rats. Values are
expressed as the means + SE of six animals per group. Differences between each OPC-41061 or furosemide group and the control group
were analyzed using one-way analysis of variance (ANOVA), followed by the two-tailed Dunnett’s multiple-comparison test. *p <0.05,
**p <0.01, versus the control. Adapted with permission from Reference 15 Hirano T, Yamamura Y, Nakamura S, Onogawa T, Mori T.
Effects of the V2-receptor antagonist OPC-41061 and the loop diuretic furosemide alone and in combination in rats. J Pharmacol Exp

Ther 2000;292:288-294.

Table 4. The characteristics of nonpeptide vasopressin receptor antagonists

Compound Receptor (s) Route Manufacturer
Conivaptan Vlaand V2R IV* or Oral Astellas
Lixivaptan V2R Oral CardioKine
Tolvaptan V2R Oral” Otsuka
Stavaptan V2R Oral Sanofi-Aventis

VR, vasopressin receptor.
*FDA approval.

Adapted by permission from Macmillan Publishers Ltd: Kidney Int (Reference 2) 2006.
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