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Abstract

Mesangial cells are centrally-located glomerular pericytes with contractile, endocrine, and immunity-regulating functions. These cells are thought
to maintain normal glomerular function, since mesangial cell proliferation and extracellular matrix formation are hallmarks of chronic glomerular
disease. Vasopressin causes mesangial cell contraction, proliferation and hypertrophy. Consequently, the effects of YM218, a potent, nonpeptide
vasopressin V1A receptor-selective antagonist, on the growth responses of human mesangial cells to vasopressin were investigated. YM218 showed
high affinity for vasopressin V1A receptors, exhibiting a Ki value of 0.18 nM. Vasopressin concentration-dependently increased intracellular Ca2+

levels and induced hyperplasia and hypertrophy in cultured mesangial cells, YM218 potently inhibited these vasopressin-induced responses. These
results clearly show that YM218 has both strong affinity for human mesangial cell vasopressin V1A receptors and great potency in inhibiting the
vasopressin-induced growth responses of mesangial cells controlled by the vasopressin V1A receptors. The hyperplasia and hypertrophy of mesangial
cells in vitro caused by vasopressin indicate its possible in vivo role in glomerular disease pathogenesis. Therefore, YM218 is a potent pharmacologic
probe to investigate the physiologic and pathophysiologic roles of vasopressin in the development of renal disease.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Mesangial cells are thought to regulate both glomerular
microcirculation and inflammatory response to glomerular
damage (Kashgarian and Sterzel, 1992). Additionally, contrac-
tion, hyperplasia and hypertrophy of glomerular mesangial cells
are associated with the appearance of proteinuria, glomerulo-
sclerosis, and progressive renal failure (Striker et al., 1989).
Mesangial cells have receptors that respond to specific vaso-
active peptides such as angiotensin II, endothelin-1, and vaso-
pressin (Rebibou et al., 1992; Chansel et al., 1992; Thibonnier
et al., 1993); contraction, hyperplasia, hypertrophy, and other
physiologic responses are mediated by these receptors (Orth et
al., 1995; Simonson et al., 1991; Bakris et al., 1991). These
circulating vasoactive hormones easily penetrate the highly
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permeable mesangial area to exert their effects on glomerular
function (Schlondorff, 1987). Among them, vasopressin has
been shown to be a potent inducer of mesangial cell prolif-
eration (Schulze-Lohoff et al., 1993). The physiologic actions of
vasopressin on mesangial cells are mediated through the vaso-
pressin V1A receptor subtype (Ganz et al., 1988). Recent exper-
iments, making use of cultured cells and other recently
developed analytic techniques, have established that vasopres-
sin activates mesangial cells through the phospholipase C-
mediated breakdown of phosphoinositides; this process gen-
erates the second messengers inositol triphosphate and
diacylglycerol (Ganz et al., 1988; Mene et al., 1989). Inositol
triphosphate causes increased intracellular concentrations of
Ca2+ ([Ca2+]i) by triggering the release of intracellular calcium
stores and by extracellular entry. Simultaneously diacylglycerol
activates protein kinase C, which takes on a membrane-asso-
ciated form that controls the functions of numerous target pro-
teins and enzymes; this control is exerted either independently
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or in synergy with [Ca2+]i. This pathway ultimately leads to
mesangial cell contraction, hyperplasia, hypertrophy in res-
ponse to vasopressin.

Several lines of evidence indicate the possibility of involve-
ment of vasopressin in renal disease. Chronic inhibition of the
vasopressin V1A receptor using OPC-21268, a vasopressin V1A

receptor-selective antagonist, suppressed mRNA expressions of
proliferating cell nuclear antigen but had no effect on renal
histology (Otsuka et al., 1997) in salt-loaded spontaneously
hypertensive rats (Otsuka et al., 1997) and improved glomerular
sclerosis in spontaneously hypercholesterolemic rats (Kurihara et
al., 1996). These results suggest that vasopressin may play an
important role through vasopressin V1A receptors in the devel-
opment of glomerular diseases and vasopressin V1A receptor-
selective antagonists may be beneficial in the prevention of renal
disease. Previously, several orally effective, receptor-subtype-
selective nonpeptide AVP receptor antagonists have been dis-
covered, namely the V1A receptor-selective antagonist SR 49059
(Serradeil-Le Gal et al., 1993), the V2 receptor-selective anta-
gonist SR 121463A (Serradeil-Le Gal et al., 1996), the V1B

receptor-selective antagonist SSR 149415 (Serradeil-Le Gal et
al., 2002) and the V1A/V2 receptor antagonists conivaptan
(YM087) and YM471 (Tahara et al., 1997; Tsukada et al., 2002).
Recently, an orally effective, nonpeptide V1A receptor-selective
antagonist, YM218, was discovered (Tahara et al., 2005). In the
present study, the effects of vasopressin receptor antagonists,
including YM218, on vasopressin-induced growth responses in
cultured human mesangial cells were investigated to assess the
role vasopressin may play in the pathogenesis of renal disease.

2. Methods

2.1. Materials

[3H]vasopressin with a specific activity of 80 Ci/mmol was
obtained from PerkinElmer, Inc. (Boston, MA, USA). Vaso-
pressin and oxytocin were obtained from Peptide Institute Inc.
(Osaka, Japan). d(CH2)5Tyr(Me)vasopressin ([β-mercapto-
β,β-cyclopentamethylene-propionyl1,O-Me-Tyr2,Arg8]-vaso-
pressin) and dDAVP ([deamino-Cys1,D-Arg8]-vasopressin)
were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). YM218 ((Z)-4′-{4,4-difluoro-5-[2-oxo-2-(4-piperidino-
piperidino)ethylidene]-2,3,4,5-tetrahydro-1H-1-benzoazepine-
1-carbonyl}-2-methyl-3-furanilide hemifumarate), SR 49059
((2S) 1-[(2R 3S)-(5-chloro-3-(2-chlorophenyl)-1-(3,4-
dimethoxybenzenesulfonyl)-3-hydroxy-2,3-dihydro-1H-in-
dole-2-carbonyl]-pyrrolidine-2-carboxamide) and SR 121463A
(1-[4-(N-tert-butyl-carbamoyl)-2-methoxybenzenesulfonyl]-5-
ethoxy-3-spiro-[4-(2-morpholinoethoxy) cyclohexane]indol-2-
one; equatorial isomer) were synthesized by Astellas Pharma
Inc. (Ibaraki, Japan). These nonpeptide antagonists were ini-
tially dissolved in dimethyl sulfoxide at a concentration of
10−2 M and diluted to the desired concentration with the assay
buffer. The final concentration of dimethyl sulfoxide in the
assay buffer did not exceed 1%, an amount that does not affect
specific [3H]vasopressin binding. Fura 2-AM was purchased
from Dojindo Laboratories (Kumamoto, Japan).
2.2. Cell culture

Human mesangial cells imported from Clonetics (San Diego,
CA,USA)were purchased from IWAKI (Tokyo, Japan). The cells
were grown at 37 °C in Mesangial Basic Medium (Clonetics)
supplementedwith 5% fetal calf serum and antibiotics (GA-1000)
in a humidified atmosphere of 5% CO2 in air. The cultures were
subcultured by treatment with a 0.05% trypsin-0.53 mM EDTA
solution in 150 cm2 culture dishes. Cells at passages 4–10 were
used in this study and were confirmed to be mesangial cells by
their histochemical reactions with anti-cytokeratin, fibronectin
and factor VIII antibodies.

2.3. [3H]vasopressin binding assays

Membrane preparations were isolated as follows. Confluent
mesangial cells were washed with phosphate-buffered saline;
harvested into ice-cold 50 mM Tris–HCl, pH 7.4, containing
250 mM sucrose and 10 mM MgCl2; and homogenized in a
Polytron (Kinematica; Lucerne, Switzerland) at 4 °C. After cen-
trifugation at 2000 ×g for 10 min at 4 °C, the supernatant was
centrifuged at 40000× g for 20 min at 4 °C. The resulting pellet
was resuspended in 50 mMTris–HCl, pH 7.4, containing 10 mM
MgCl2, and the resuspended membrane preparations were stored
in small aliquots at −80 °C until use. Protein concentration was
determined by the Coomassie blue method (Bio-Rad; Hercules,
CA, USA), using bovine serum albumin as a standard. For satu-
ration binding studies, membrane preparations were incubated
with various concentrations of [3H]vasopressin in the range from
0.15 to 3.0 nM. For competition studies, [3H]vasopressin (0.5–
1.0 nM) was added to membrane preparations, which were then
incubated with various concentrations of compounds in 250 μl of
assay buffer containing 50 mMTris–HCl, pH 7.4, 10 mMMgCl2
and 0.1% bovine serum albumin. All binding reactions were
started by adding the membrane preparations to the reaction
mixture. After incubation at 25 °C for 60 min, the reactions were
stopped by adding 3 ml of ice-cold Tris buffer (50 mMTris–HCl,
pH 7.4, and 10 mM MgCl2) followed immediately by rapid
filtration through a 96-well GF/B UniFilter Plate using a Micro-
Mate Cell Harvester (Packard Instrument Company; Meriden,
CT, USA). The filters were rinsed twice and the radioactivity
retained on the filters was counted with a TopCount Microplate
Scintillation Counter (Packard Instrument Company). Nonspe-
cific binding was determined using 1 μM unlabeled vasopressin.
The concentration of test compound that caused 50% inhibition
(IC50) of [

3H]vasopressin specific binding was determined by
regression analysis of displacement curves. The inhibition con-
stant (Ki) was calculated as previously reported (Tahara et al.,
1997). Data were analyzed using the GraphPad PRISM
(GraphPAD Software, Inc.; San Diego, CA, USA).

2.4. Measurement of [Ca2+]i

Serum-deprived monolayer cultures of mesangial cells were
grown for 1 day on plastic cover slips (Sumitomo Bakelite Co.;
Akita, Japan) before assay. Cell monolayers (2×105 cells/cm2)
were loaded with fura 2-AM (4 μM/cover slip) in Krebs–



Fig. 2. [3H]vasopressin binding to human mesangial cell plasma membranes is
inhibited by peptide vasopressin receptor agonists and antagonists. The
unlabeled compounds added to the binding assay were: •, AVP; ◊, oxytocin;
▵, d(CH2)5Tyr(Me)vasopressin;▪, dDAVP. Specific binding of [3H]vasopressin
is expressed as a percentage of the control binding. Results represent data from

three to four independent determinations.
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Henseleit–HEPES buffer (containing 130 mMNaCl, 5 mMKCl,
1.25 mM CaCl2, 0.8 mM MgSO4, 5.5 mM glucose, 20 mM
HEPES and 0.1% bovine serum albumin, pH 7.4) for 30 min at
37 °C. They were then washed, transferred to fura 2-free Krebs–
Henseleit–HEPES buffer and incubated for an additional 30 min
at 37 °C. The cover slips were placed into quartz cuvettes
containing 2 ml Krebs–Henseleit–HEPES buffer maintained at
37 °C while continuously stirred. Fluorescence was recorded
using a CAF-110 spectrofluorometer (Japan Spectrometer Co.;
Tokyo, Japan) at 340/380 nm excitation and 500 nm emission
wavelengths. [Ca2+]i was calculated from the fluorescence
signals as previously reported (Tahara et al., 1997).

2.5. Determination of cell number and total protein content

Mesangial cells were seeded into 48-well culture plates at
50% confluence, washed with phosphate-buffered saline and
incubated for 48 h in culture medium supplemented with 0.5%
fetal calf serum. The cultures were then incubated for 72 h in
medium supplemented with 0.5% fetal calf serum and 0.1%
bovine serum albumin containing vehicle alone or various con-
centrations of vasopressin, antagonists, or both. To determine the
number of cells per culture well, the cells were treated with
AlamarBlue (Iwaki; Tokyo, Japan; Ahmed et al., 1994) during
the last 3 h of incubation. The absorbance of each well at 570 and
600 nm was then measured with a SPECTRAmax 250 micro-
plate spectrophotometer (Molecular Devices; Sunnyvale, CA,
USA). Control experiments showed a linear relationship between
absorbance and cell number up to a cell density of 100000 cells/
well. To determine the total protein content of the cells in each
culture well, the cell layers were then washed three times with
phosphate-buffered saline and scraped from the plates. The
suspensions were homogenized and assayed for protein content.

2.6. Statistical analysis

Results are expressed as the mean±S.E.M. or the mean with
95% confidence limits. All experiments were repeated at least
Fig. 1. Plot showing the saturation equilibrium specific binding of [3H]
vasopressin to human mesangial cell plasma membranes. Inset, Scatchard linear
transformation of the data. Results are representative data from four individual
experiments.
three times, and comparable results were obtained. The EC50

and IC50 values were estimated from concentration–response
curves generated by the nonlinear regression program Graph-
Pad PRISM.

3. Results

3.1. [3H]vasopressin binding to human mesangial cell plasma
membranes

Saturation experiments using [3H]vasopressin and human
mesangial cell plasma membrane preparations revealed that
vasopressin binding was specific and saturable. Scatchard
analysis of data revealed a linear plot consistent with the pre-
sence of a single class of high-affinity binding sites (Fig. 1). The
apparent equilibrium dissociation constant (Kd) and the maximal
binding capacity (Bmax) were 0.81±0.06 nM and 53.8±
7.0 fmol/mg protein, respectively. Competition experiments
showed that [3H]vasopressin binding was potently and
Fig. 3. [3H]vasopressin binding to human mesangial cell plasma membranes is
inhibited by nonpeptide vasopressin receptor antagonists. The unlabeled
compounds added to the binding assay were: ○, YM218; ▴, SR 49059; □,
SR 121463A. Specific binding of [3H]vasopressin is expressed as a percentage
of the control binding. Results represent data from three to four independent
determinations.
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concentration-dependently inhibited by both vasopressin and
the vasopressin V1A receptor-selective antagonist, d(CH2)5Tyr
(Me)vasopressin, which exhibited Ki values of 0.74±0.25 nM
and 0.48±0.05 nM, respectively (Fig. 2). In contrast, oxytocin
and the vasopressin V2 receptor agonist, dDAVP, showed low
affinity for these receptors with Ki values of 9.57±0.78 nM and
23.4±8.4 nM, respectively. YM218 potently inhibited specific
binding of [3H]vasopressin to mesangial cell plasma mem-
branes, exhibiting a Ki value of 0.18±0.01 nM (Fig. 3). SR
49059, the vasopressin V1A receptor-selective antagonist, also
showed high affinity, exhibiting a Ki value of 0.25±0.03 nM. In
contrast, the vasopressin V2 receptor-selective antagonist, SR
121463A, exhibited much lower affinity, having a Ki value of
308±21 nM. The slopes of the inhibition curves for all com-
pounds did not significantly differ from unity (data not shown).

3.2. YM218 inhibits vasopressin-induced [Ca2+]i increase in
human mesangial cells

Addition of vasopressin to cultured mesangial cells resulted
in a rapid increase in [Ca2+]i that peaked within 10 s and
declined gradually to a steady level lasting for at least 5 min.
Fig. 4. Nonpeptide vasopressin receptor antagonists inhibit vasopressin-induced
[Ca2+]i increase in human mesangial cells. (A) Effect of vasopressin on [Ca2+]i
in human mesangial cells. (B) Inhibitory effect of vasopressin receptor
antagonists on 100 nM vasopressin-induced [Ca2+]i increase in human
mesangial cells. Compounds added to the [Ca2+]i assay were as follows: ○,
YM218; ▴, SR 49059; □, SR 121463A. Values are mean±S.E.M. of four
independent determinations.

Fig. 5. Effect of YM218 on vasopressin-induced hyperplasia in cultured human
mesangial cells. Mesangial cells were incubated for 72 h with (A) increasing
concentrations of vasopressin or (B) increasing concentrations of an antagonist
and vasopressin (100 nM) in culture medium with 0.5% fetal calf serum and
0.1% bovine serum albumin. Compounds added to the assay were as follows:○,
YM218; ▴, SR 49059; □, SR 121463A. Values are mean±S.E.M. of four
independent determinations.
Vasopressin concentration-dependently induced an increase in
[Ca2+]i, with an EC50 value of 11.2 (8.21–15.1) nM (Fig. 4A).
YM218 strongly and concentration-dependently inhibited this
[Ca2+]i increase induced by 100 nM vasopressin, with an IC50

value of 0.87 (0.43–1.77) nM (Fig. 4B). When tested under the
same experimental conditions, SR 49059 also potently inhibited
the vasopressin-induced [Ca2+]i increase, exhibiting an IC50

value of 0.60 (0.44–0.82) nM but SR 121463A did not potently
inhibit this response (IC50=2.14 (1.28–3.59) μM). No anta-
gonist elicited any change in basal [Ca2+]i when tested alone at
concentration up to 1 μM (data not shown).

3.3. Effect of YM218 on vasopressin-induced hyperplasia and
hypertrophy of human mesangial cells

Vasopressin (10− 11–10− 6 M) caused a concentration-
dependent increase in both the cell number and the total protein
content of mesangial cells. The EC50 values of vasopressin were
1.49 (0.43–5.20) nM for hyperplasia and 3.79 (0.75–19.1) nM
for hypertrophy; the maximal stimulation over vehicle-treated
control was 2.9-fold for hyperplasia and 1.6-fold for hypertro-
phy (Figs. 5A, 6A). YM218 concentration-dependently



Fig. 6. Effect of YM218 on vasopressin-induced hypertrophy in cultured human
mesangial cells. Mesangial cells were incubated for 72 h with (A) increasing
concentrations of vasopressin or (B) increasing concentrations of an antagonist
and vasopressin (100 nM) in culture medium with 0.5% FC and 0.1% bovine
serum albumin. Compounds added to the assay were as follows:○, YM218;▴,
SR 49059; □, SR 121463A. Values are mean±S.E.M. of four independent
determinations.

Table 1
Affinity of vasopressin receptor agonists and antagonists for human mesangial
cells and human vasopressin receptors

Ki (nM)

Mesangial
cells

Human
V1A

a
Human
V1B

a
Human
V2

a

AVP 0.74±0.25 0.56±0.11 0.51±0.07 3.27±0.68
Oxytocin 9.57±0.78 5.46±1.97 160±30 1700±340
d(CH2)5Tyr
(Me)AVP

0.48±0.05 0.77±0.18 121±13 113±30

dDAVP 23.4±8.4 62.4±17.6 5.81±1.28 23.3±2.7
YM218 0.18±0.01 0.30±0.02 25500±2500 381±74
SR 49059 0.25±0.03 0.53±0.08 48.4±10.3 178±41
SR 121463A 308±21 304±7 52100±13800 2.75±0.62

Values represent means±S.E.M. obtained from three to five independent
experiments performed in duplicate.
a Corresponding affinities for human AVP receptors are taken from

previously published work (Tahara et al., 1998, 2005).

36 A. Tahara et al. / European Journal of Pharmacology 538 (2006) 32–38
inhibited the induction of hyperplasia and hypertrophy caused
by 100 nM vasopressin, exhibiting IC50 values of 2.18 (0.89–
5.30) nM against hyperplasia and 1.11 (0.33–3.73) nM against
hypertrophy (Figs. 5B, 6B). Furthermore, YM218 itself did not
induce hyperplasia or hypertrophy at concentrations up to 1 μM
(data not shown). SR 49059 also potently inhibited vasopressin-
induced hyperplasia and hypertrophy, exhibiting IC50 values of
1.58 (1.15–2.17) nM and 0.83 (0.23–2.95) nM, respectively. In
contrast, SR 121463A did not inhibit these effects with much
potency (IC50N100 nM).

4. Discussion

The effects of vasoactive agents on glomerular ultrafiltration
are well established (Stockand and Sansom, 1998). One of the
pathways involved in the regulation of glomerular perfusion and
filtration is thought to be the direct stimulation of contraction in
the smooth muscle-like mesangial cells (Schlondorff, 1987).
Since glomerular mesangial cells contract after exposure to
vasoconstrictive hormones such as vasopressin (Ausiello et al.,
1980), this contraction may be responsible for the reduced
ultrafiltration coefficients and single-nephron glomerular filtra-
tion rates observed after infusion of vasopressin (Ichikawa and
Brenner, 1977). Both of these measures of renal function
depend on the surface area of the glomerulus; therefore, con-
traction of mesangial cells in response to vasopressin reduces
the glomerular surface area and thus, the filtration rate and the
ultrafiltration coefficient (Pfeilschifter, 1989). In addition to this
physiologic function, vasopressin induces hyperplasia and hy-
pertrophy, and stimulates the expression of early growth-res-
ponse genes in, mesangial cells (Ganz et al., 1988; Schulze-
Lohoff et al., 1993; Wolthuis et al., 1992). Proliferation and
hypertrophy of mesangial cells are hallmarks of many chronic
glomerular diseases, thus demonstrating the great need for
better understanding of the effects of vasopressin on mesangial
cells. Consequently, this study was designed to investigate the
possible antimitogenic and antihypertrophic effects of YM218
in cultured human mesangial cells.

Specific binding of [3H]vasopressin to human mesangial cell
plasma membranes was specific and saturable. Scatchard plot
analysis of equilibrium binding data revealed the existence of a
single class of high-affinity binding sites with a Kd of 0.81 nM
and a Bmax of 53.8 fmol/mg protein. The affinity ranking of
vasopressin receptor agonists and antagonists indicates a homo-
genous population of sites exhibiting the expected vasopressin
V1A receptor profile comparable to the site previously identified
in human vasopressin V1A receptors (Table 1). YM218 potently
inhibited [3H]vasopressin binding to human mesangial cell
vasopressin V1A receptors; this potency was equal to the po-
tency of SR 49059 and 1700-fold greater than the binding of SR
121463A.

Many of the physiologic responses of mesangial cells to
vasopressin, including contraction and cell growth, can be in-
duced by increasing the concentration of intracellular Ca2+ and
by stimulating protein kinase C (Ganz et al., 1988; Force et al.,
1991). In the present experiments, vasopressin induced an
increase in [Ca2+]i concentration-dependently; YM218 potently
inhibited this increase. Furthermore, YM218 did not cause an
increase in [Ca2+]i in mesangial cells, indicating a lack of
agonistic activity on vasopressin V1A receptors. These results
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clearly show that vasopressin is acting through vasopressin V1A

receptors, which trigger increases of [Ca2+]i in human me-
sangial cells; in contrast, YM218 possesses potent vasopressin
V1A receptor antagonistic activity without any measurable
agonistic activity.

Proliferation of glomerular mesangial cells and an excessive
production of extracellular matrix proteins is associated with
proteinuria, glomerulosclerosis and progressive renal failure as
tested in numerous animal models (Striker et al., 1989). Addi-
tionally, cultured mesangial cells have been shown to respond to
vasoactive substances with increased production of various
eicosanoids (Williams and Schrier, 1993). Inflammatory media-
tors, such as interleukin-1 and platelet-derived growth factor,
also stimulate eicosanoid production of mesangial cells (Lovett
et al., 1983; Scharschmidt and Dunn, 1983). Thus, a variety of
agonists regulate the contractile and biosynthetic behavior of
mesangial cells. Moreover, cultured mesangial cells exhibit
increased proliferation when incubated with cytokines, epidermal
growth factor, platelet-derived growth factor, insulin-like growth
factor I, transforming growth factor β, interleukins-1, -4 and -6,
endothelin-1, angiotensin II, and prostaglandin F2α (Ruef et al.,
1990; Mene et al., 1989; Abboud et al., 1987; Lovett et al., 1983).
The results of the present study add to this list by clearly showing
that vasopressin also induces hyperplasia and hypertrophy, and
YM218 potently inhibits vasopressin-induced hyperplasia and
hypertrophy in human mesangial cells. Furthermore, although
several papers have evidenced the growth inducing effect of
vasopressin on rat mesangial cells (Ganz et al., 1988; Wolthuis et
al., 1992), this is the first report showing that vasopressin pro-
duces concentration-dependent increases in measures of both
hyperplasia and hypertrophy in human mesangial cells.

Bardoux et al. (1999) suggest that vasopressin contributes to
hyperfiltration, albuminuria and renal hypertrophy in diabetes.
Proliferation and hypertrophy of mesangial cells are hallmarks
of a variety of renal diseases including diabetic nephropathy.
Furthermore, the present results show that vasopressin induces
hyperplasia and hypertrophy of human mesangial cells. There-
fore, the vasopressin V1A receptor antagonists including
YM218 are expected to be effective in the treatment of renal
diseases. Indeed, OPC-21268, a vasopressin V1A receptor-se-
lective antagonist, significantly decreased albuminuria without
affecting renal function in type 2 diabetic patients (Nishikawa et
al., 1996). In contrast, SR 121463, a vasopressin V2 receptor-
selective antagonist, also decreased albuminuria in streptozo-
tocin-induced diabetic rats (Bardoux et al., 2003). At present,
the probable involvement of vasopressin in chronic renal di-
seases including diabetic nephropathy are uncertain and will be
subject to further study.

In conclusion, YM218 potently inhibits vasopressin-induced
growth responses of human mesangial cells and may have
clinical benefit in preventing the development and by inducing
regression of mesangial cell growth.
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