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Abstract 

The present study investigates the effect of angiotensin II and LR-B/081 (-methyl 2-[[4-butyl-2-methyl-6-oxo-5-[[2'-(1H-tetra- 
zol-5-yl) [1,1'-biphenyl]-4-yl] methyl]-l(6H)-pyrimidinyl] methyl]-3-thiophenecarboxylate), a novel non-peptide angiotensin 1I 
receptor antagonist, on both early and late responses in rat vascular smooth muscle ceils. Angiotensin II induced a rapid and 
transient elevation of inositol trisphosphate intracellular levels, triggered the release of both prostaglandin E e and prostaglandin 
I a (ECs0 = 21 + 3 and 16 + 2 nM, respectively), and, in long-term studies, increased leucine and thymidine incorporation. All 
angiotensin II effects were antagonized by LR-B/081 and losartan, the reference non-peptide angiotensin ATa-selective receptor 
antagonist, whereas they were unaffected by PD123177 (1-(4-amino-3-methylphenyl)methyl-5-diphenylacetyl-4,5,6,7-tetrahydro- 
1H-imidazo[4,5-c]pyridine carboxylic acid), a non-peptide angiotensin ATe-selective receptor antagonist. LR-B/081 displayed a 
much higher potency than losartan in inhibiting angiotensin II-induced prostaglandin E 2 (IC50 = 0.15 + 0.02 and 39 + 9 nM, 
respectively) and prostaglandin 12 release (IC50 = 0.18 + 0.04 and 134 + 40 nM, respectively) and was also more potent in 
blocking the increase in protein synthesis (IC50 = 242 + 119 nM and 1221 + 687 nM, respectively). Moreover, LR-B/081 and 
losartan blocked the response to angiotensin III but failed to inhibit the prostaglandin release stimulated by vasopressin or the 
mitogenic effect of serum. LR-B/081 and losartan were devoid of intrinsinc agonistic properties in the experimental conditions 
employed. The present results describe LR-B/081 as a novel, highly specific and potent, non-peptide angiotensin ATl-selective 
receptor antagonist, that is capable of blocking angiotensin II-proliferative responses, which may be of relevance for cardiovascu- 
lar diseases. 
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I.  Introduct ion 

Vascular smooth muscle cells are important  in the 
pathophysiology of both hypertension and atheroscle- 
rosis. Angiotensin II, which may be also generated by a 
local renin angiotensin system, promotes,  in addition to 
the well-known vasoconstrictor effects, the growth of 
vascular smooth muscle cells, leading to structural 
changes of  the vessel wall (Chiu et al., 1991; Rosen- 
berg, 1993). Indeed, angiotensin II, through stimulation 
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of membrane  receptors, has been shown to induce 
protein and D N A  synthesis in cultured human and rat 
aortic vascular smooth muscle ceils and, under certain 
conditions, to increase cell proliferation and extracellu- 
lar matrix formation (Bunkenburg et al., 1992; Scott- 
Burden et al., 1990; Koh et al., 1994). 

The newly developed non-peptide angiotensin II  
receptor  antagonists have been useful tools in differen- 
tiating angiotensin II  receptors into two pharmacologi- 
cally distinct subclasses: the angiotensin AT~ receptor 
subtype having high affinity for losartan (DuP 753) and 
the angiotensin A T  2 receptor  subtype showing low 
affinity for losartan and high affinity for PD123177 
(Timmermans  et al., 1992, 1993). Angiotensin II and 
angiotensin I I I  do not distinguish between subtypes but 
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paraminophenylalanine 6 angiotensin II binds preferen- 
tially to the angiotensin AT 2 receptor (Speth and Kim, 
1990). The peculiar behavior of angiotensin II-(3-8) 
led to the identification of a new binding site in guinea 
pig and bovine brain, named the angiotensin AT 4 re- 
ceptor (Harding et al., 1992). The angiotensin AT 1 
receptor sulgtype mediates the effects commonly asso- 
ciated with angiotensin II, while the function of the 
angiotensin AT 2 receptors has not been defined. Vas- 
cular smooth muscle cells predominantly express the 
angiotensin AT 1 subtype, which mediates cellular hy- 
pertrophy and proliferation as well as vasoconstriction 
(Timmermans et al., 1992, 1993). 

Three main transduction pathways are involved in 
the cellular response to angiotensin II: (1) stimulation 
of a phosphatidylinositol-specific phospholipase C, (2) 
activation of L-type voltage-dependent Ca 2+ channels, 
and (3) inhibition of adenyl cyclase activity. The rat 
angiotensin AT a receptor can independently couple 
with all these three signals (Ohnishi et al., 1992). 
Moreover, angiotensin II may activate phospholipase 
A 2, leading to the release of arachidonic acid which is 
then metabolized into prostaglandins. Angiotensin II 
stimulates the release of prostaglandins, mainly 
prostaglandin I z and prostaglandin E2, in a variety of 
tissues including components of the vasculature, such 
as endothelial cells (Jaiswal 1992; Jaiswal et al., 1992) 
and vascular smooth muscle cells (Jaiswal et al., 1993). 
These vasodilator prostanoids are supposed to act as 
modulators of angiotensin II-induced vasoconstriction 
(Jackson and Herzer, 1993). Several reports describe 
the inhibitory effect of losartan on angiotensin II- 
stimulated second messenger systems in various mod- 
els. In particular, the prostaglandin release induced by 
angiotensin II in C6 glioma ceils (Jaiswal et al., 1991a) 
and in rat and human glomerular mesangial cells is 
blocked by losartan (Chansel et al., 1992). 

The aim of the present study was to determine the 
action of angiotensin peptides on inositol trisphosphate 
and prostaglandin release and on protein and DNA 
synthesis in rat vascular smooth muscle cells, and to 
compare the ability of losartan and LR-B/081 (-methyl 
2-[[4-butyl-2-methyl-6-oxo-5-[[2'-(1 H-tetrazol-5-yl) 
[1,1'-biphenyl]-4-yl] methyl]-l(6H)-pyrimidinyl] methyl]- 
3-thiophenecarboxylate), a novel non-peptide an- 
giotensin II receptor antagonist, to inhibit the an- 
giotensin II-induced responses in these cells. 

2. Material and methods 

2.1. Materials 

6-keto-Prostaglandin F~  and prostaglandin E 2 w e r e  

obtained from Biomol (PA, USA), angiotensin II-(3-8) 
and p-aminophenylalanine 6 angiotensin II from 

Bachem (Bubendorf, Switzerland). The prostaglandin 
E 2 antiserum was purchased from UBI (Upstate 
Biotechnology, Lake Placid, NY, USA). Angiotensin II, 
angiotensin III, arachidonic acid, vasopressin, the Ca 2+ 
ionophore A23187 (6S-[6a(2S *,3S*),8/3(R*),9/3, 
11a]-5-(methylamino)-2-[[3,9,11-trimethyl-8-[1-methyl- 
2-oxo-2-(1 H-pyrrol-2-yl)ethyl]- 1,7-dioxaspiro[5.5]undec- 
2-yl]methyl]-4-benzoxazolecarboxylic acid), bovine in- 
sulin, activated charcoal and 6-keto-prostaglandin F1, 
antiserum were obtained from Sigma (St. Louis, MO, 
USA). Dextran T-70 was from Pharmacia Biotech (Up- 
psala, Sweden). Culture medium and supplements were 
from Gibeo (Grand Island, NY, USA), except fetal 
bovine serum which was from Hyclone (Logan, UT, 
USA). [3H]Prostaglandin E 2 (140-170 Ci/mmol), 
[3H]6-keto-prostaglandin F1, (120-180 Ci/mmol), 
[3H]leucine (120-190 Ci/mmol), [3H]thymidine (40-60 
Ci/mmol) and the inositol trisphosphate assay system 
kit were purchased from Amersham (Buckingamshire, 
UK). PD123177 (1-(4-amino-3-methylphenyl)methyl-5- 
diphenylacetyl-4,5,6,7-tetrahydro-1 H-imidazo[4,5-c]- 
pyridine carboxylic acid) was synthetized by Cookson 
Chemicals, Southampton, UK. Losartan and EXP3174 
((2-n-butyl-4-chloro-l-[(2'-(1H-tetrazol-5-yl)biphenyl- 
4-yl)methyl]imidazole-5-carboxylic acid) were kindly 
provided by Dr. Pancras C. Wong (DuPont, Wilming- 
ton, DE, USA). Vascular smooth muscle cells, isolated 
from the thoracic aorta of male Sprague-Dawley rats, 
were kindly provided by Dr. M. Ziche, Department of 
Pharmacology, University of Florence, Italy. 

2.2. Cell culture 

Cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM), low glucose, supplemented with 
15% fetal bovine serum, penicillin (100 U/ml),  strepto- 
mycin (100/zg/ml) and fungizone (2.5/zg/ml). Vascu- 
lar smooth muscle cells were grown until slightly con- 
fluent at 37°C in a humidified atmosphere of 5% 
CO2-95% air. For subcultures, cells were dissociated 
with trypsin (0.25% trypsin, 0.5 mM EDTA in saline) 
and the resulting cell suspension was diluted 6-fold 
before seeding. For experiments, cells between passage 
3 and 10 were used. 

2.3. Measurement of inositol 1, 4,5-trisphosphate 

Inositol 1,4,5-trisphosphate production was quanti- 
fied using a procedure previously described (Koh et al., 
1989). Vascular smooth muscle cells were plated into 
60 mm Petri dishes and grown to confluency. Then, the 
cells were washed twice with serum-free medium and 
after being preincubated for 30 min with the vehicle or 
the antagonist, angiotensin II or vehicle was added. 
The incubation was stopped at the indicated time by 
rapidly aspirating the medium and adding 2 ml of 
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ice-cold 4% perchloric acid. The cells were kept on ice 
for 20 rain, then the perchloric acid extract was re- 
moved and centrifuged at 2000 × g for 20 min at 4°C to 
precipitate residual denaturated proteins. The super- 
natant was titrated to pH 7.5 with 10 N KOH and kept 
on ice for 60 min. After removal of insoluble KC10 4 by 
centrifugation, inositol 1,4,5-trisphosphate was mea- 
sured by a commercially available radioreceptor assay 
kit. 

labelled with [3H]leucine (1 /xCi/ml). After 18 h, the 
cells were washed twice with phosphate-buffered saline 
and incubated in 10% trichloroacetic acid at 4°C for 30 
min. Thereafter ,  the trichloroacetic acid-insoluble ma- 
terial was washed once with 10% trichloroacetic acid 
and twice with absolute ethanol, and then extracted 
with 0.1 N NaOH. The radioactivity present in the 
NaOH extract was determined by liquid scintillation 
counting. 

2.4. Measurement of  prostaglandin release 2. 6. Measurement of  DNA synthesis 

Confluent cell cultures were washed twice with 
DMEM containing 1% fetal bovine serum and preincu- 
bated in the same medium for 30 min at 37°C in the 
presence or absence of the antagonist. Then an- 
giotensins were added and the cells were incubated for 
60 min. At the end of the incubation period, the 
medium was removed and stored at - 80°C  until assay. 
The cells were scraped off and homogenized in Tris 10 
mM pH 7.4 buffer and an aliquot was used for protein 
determination, using the Bio-Rad protein assay accord- 
ing to the method of Bradford (1976). The amounts of 
prostaglandin E 2 and 6-keto-prostaglandin FI~ (a sta- 
ble metabolite of prostaglandin 12) released into the 
culture medium were determined by radioimmunoas- 
say. Briefly, 100 /~I of sample or standard was mixed 
with 100 /zl of tracer and 100 /.d of the appropriate 
dilution of antiserum. The tubes were incubated 
overnight at 4°C, then bound tracer was separated 
from free tracer by addition of 1% dextran-coated 
charcoal (1 ml), followed by centrifugation for 15 min 
at 3000 rpm (4°C). The radioactivity present in the 
supernatant was determined by liquid scintillation 
counting. The amount of prostaglandin present in each 
sample was calculated using a computer program for 
radioimmunoassay analysis (Riasmart, Packard Instru- 
ments) and reported as n g / m g  cell protein. The cross- 
reactivity of the anti-6-keto-prostaglandin Fla antibody 
was < 1% for prostaglandin A1(2), prostaglandin B1(2) , 
< 4% for prostaglandin E z. The cross-reactivity of the 
anti-prostaglandin E 2 antibody was < 0.1% for prosta- 
glandin A l ( 2 )  , prostaglandin B1(2) , < 2% for prosta- 
glandin F1,. 

The cells were plated in 24-well culture plates and 
grown until confluent. DNA synthesis was measured by 
the incorporation of [3H]thymidine in confluent, 
serum-deprived cells. Confluent cells were washed 
twice with DMEM containing 0.1% fetal bovine serum 
and incubated in this medium for 48 h. At the end of 
this period, the ceils were cultured in fresh medium 
plus 5 /xg/ml  of insulin, in the absence or in the 
presence of the antagonists. After a 30-min preincuba- 
tion, angiotensins or fetal bovine serum (10%) was 
added and the cells were labelled with [3H]thymidine 
(3 /zCi/ml,  1.5 /zM). The incorporation of tritiated 
thymidine was stopped after a 24-h incubation. The 
cells were washed twice with phosphate-buffered saline 
and incubated at 4°C for 30 min in 10% trichloroacetic 
acid. Thereafter ,  the trichloroacetic acid-insoluble ma- 
terial was washed twice with absolute ethanol and the 
precipitated material was extracted with 0.1 N NaOH. 
The radioactivity was measured by liquid scintillation 
counting. 

2. 7. Data analysis 

Data are expressed as means +S.E.M. of at least 
three experiments performed in triplicate. Results were 
compared by unpaired Student's t-test, using the com- 
puter program Instat for Macintosh (Graph Pad, San 
Diego, CA, USA). Differences were considered to be 
significant at P <  0.05. Dose-response curves were 
analysed by the program MacAllfit for Macintosh 
(Consorzio Mario Negri) in order to determine EC50 
and IC50 values. 

2.5. Measurement o f  protein synthesis 

Protein synthesis was measured by the incorporation 
of [3H]leucine in confluent serum-deprived cells, grown 
in 24-multiwell plates. Confluent cells were washed 
twice with DMEM containing 0.1% fetal bovine serum 
and incubated in this medium for 48 h. At the end of 
the serum-deprivation period, the cells were cultured 
in leucine-deficient medium, in the absence or pres- 
ence of the antagonist. After  a 30-min preincubation 
period, angiotensin II was added and the cells were 

3. Results 

3.1. Angiotensin II-induced inositol trisphosphate produc- 
tion 

As shown in Fig. 1A, addition of angiotensin II (1 
/~M) to vascular smooth muscle ceils resulted in a 
transient increase in the intracellular level of inositol 
trisphosphate. The maximal increase of inositol tris- 
phosphate concentration (from 78__ 30, basal condi- 
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tions, to 373 + 78, stimulated conditions, pmol/dish) 
was found at 30 s incubation, after which the response 
slowly faded. The basal level of inositol trisphosphate 
measured in control non-stimulated conditions re- 
mained practically constant throughout the experi- 
ment. A 30-s incubation time was chosen for testing 
the antagonists. LR-B/081 and losartan (angiotensin 
ATl-selective receptor antagonists) and PD123177 
(angiotensin ATe-selective receptor antagonist) did not 
significantly modify inositol trisphosphate formation by 
themselves. However, pre-incubation of the cells with 
LR-B/081 or losartan (1 /xM) abolished the an- 
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Fig. 2. Concentrat ion dependency of the angiotensin II-induced 
prostaglandin E 2 and prostaglandin 12 release from vascular smooth 
muscle cells. Confluent  vascular smooth muscle cells were incubated 
in D M E M  containing 1% fetal bovine serum for 30 min. Thereafter,  
cells were exposed to angiotensin II, at concentrations ranging from 
3 x 1 0  -9  to 10 -5  M, and incubated for 60 min. The amounts  of  
prostaglandin E 2 (open circles) and prostaglandin 12 (solid circles) 
released into the culture medium were determined by radioim- 
munoassay.  For each prostaglandin, data are expressed as percent- 
age of the maximal angiotensin II-induced response. 

giotensin II-induced elevation of inositol trisphosPhate 
(Fig. 1B). By contrast, PD123177 (1/~M) was unable to 
inhibit the effect of angiotensin II. 

3.2. Angiotensin II-induced prostaglandin E 2 / 
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Fig. 1. Angiotensin II-induced formation of inositol 1,4,5-tris- 
phosphate  in vascular smooth  muscle cells. (A) Time course of 
inositol 1,4,5-trisphosphate formation. Confluent  vascular smooth 
muscle cells were preincubated in D M E M  for 30 min, then  1 /xM 
angiotensin II (st imulated release) or vehicle (spontaneous  release) 
was added and the reaction was stopped at the indicated time. The 
amount  of  inositol t r isphosphate produced was measured  as de- 
scribed in Materials and methods.  Data  are expressed as net an- 
giotensin II-st imulated inositol t r isphosphate production (pmol /Pe t r i  
dish). (B) Effect of  various compounds  on the angiotensin lI- induced 
inositol 1,4,5-trisphosphate production. Confluent  vascular smooth 
muscle cells were preincubated for 30 min in the presence of vehicle 
(control closed bar), or 1 /zM losartan (dark grey bar), LR-B/081  
(hatched bar) or PD123177 (light grey bar). Angiotensin II (1 /xM)  or 
vehicle was then added and the reaction was stopped after 30 s. The  
amount  of  inositol t r isphosphate produced was determined as de- 
scribed in Materials and methods.  Data  are expressed as percentage 
of the net  control response to angiotensin II. 

Under basal non-stimulated conditions vascular 
smooth muscle cells secreted both prostaglandin E 2 
and prostaglandin 12 (2 _+ 1 and 9 +_ 2 ng/mg protein, 
respectively) and the release of both prostaglandins 
was maximally stimulated by the addition of I !xM 
angiotensin II up to 11_  2 ng/mg protein for 
prostaglandin E 2 and up to 52 _+ 9 ng/mg protein for 
prostaglandin 12. The effect of angiotensin I! was com- 
parable to that of 0.1/~M vasopressin (data not shown). 

The angiotensin II-stimulated production of 
prostaglandin E 2 and prostaglandin I 2 was concentra- 
tion dependent with superimposable dose-response 
curves (EC50 = 21 _+ 3 and 16 _+ 2 nM, for prostaglandin 
E 2 and prostaglandin I 2) (Fig. 2). 

In order to characterize the receptor involved in 
angiotensin II-induced prostaglandin release, selective 
angiotensin II receptor antagonists were used. The 
basal release of prostaglandin E 2 o r  prostaglandin 12 

was not affected by pretreatment of the cells with 
either LR-B/081, losartan, EXP3174 (the active 
metabolite of losartan) or PD123177 when used at 
concentrations up to 10 -5 M (data not shown). Con- 
versely, LR-B/081 and losartan antagonized in a 
dose-dependent manner the prostaglandin E 2 and 
prostaglandin 12 release stimulated by angiotensin II, 
as shown in Fig. 3A and 3B. LR-B/081 appeared more 
potent than losartan, displaying a pattern of inhibition 
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similar to that of EXP3174. The respective IC50 values 
for LR-B/081,  losartan, and EXP3174 were 0.15 + 
0.02, 39 + 9, 0.15 + 0.02 nM, in the case of 
prostaglandin E 2 release, and 0.18 + 0.04, 134 + 40, 
0.18 ___ 0.03, in the case of prostaglandin I z release. 

In contrast, PD123177 even at the highest concen- 
tration (1 /xM) was unable to inhibit the angiotensin 
II-induced prostaglandin release. Among the other an- 
giotensins tested (p-aminophenylalanine 6 angiotensin 
II, angiotensin 11-(3-8) and angiotensin III), only an- 
giotensin III efficaciously stimulated the release of 
prostaglandins, with a maximal response at 1 /~M that 
was 76 + 6% that of angiotensin II (EC50 = 50 + 13 
and 49 + 11 nM for prostaglandin E 2 and prostaglandin 
12 release, respectively). The antagonists behaved as 
they did against angiotensin II. In fact, LR-B/081,  
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Fig. 3. Effect of  various compounds  on angiotensin II-induced 
prostaglandin E 2 and prostaglandin 12 release from vascular smooth  
muscle cells. Confluent  vascular smooth  muscle cells were incubated 
for 30 min in D M E M  containing 1% fetal bovine serum in the 
absence (vehicle) or in the presence of losartan (open circles), 
LR-B/081  (solid circles), EXP3174 (closed triangles) or PD123177 
(open squares)  at the indicated concentrations.  Angiotensin II, 1 
/.~M, or vehicle was then added and the incubation was cont inued for 
60 min. The  amounts  of  prostaglandin E 2 (3A) and prostaglandin 12 
(3B) released into the culture medium were determined by radioim- 
munoassay.  Data  are expressed as percentage of angiotensin II-in- 
duced prostaglandin release in control, vehicle-treated cells. 
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Fig. 4. Effect of  angiotensin II on protein synthesis in vascular 
smooth muscle cells. (A) Angiotensin II dose-response curve. Conflu- 
ent, serum-deprived, vascular smooth muscle cells were incubated 
for 18 h with vehicle or increasing concentrat ions of angiotensin II 
and [3H]leucine. Protein synthesis was determined as described in 
Materials and methods.  Data  are expressed in percentages of basal 
non-st imulated leucine incorporation. (B) Effect of  losartan and 
LR-B/081  on angiotensin II-induced protein synthesis. The cells 
were preincubated in the absence (vehicle) or the presence of in- 
creasing concentrat ions of losartan (closed circles) or LR-B/081  
(closed triangles) for 30 min. Angiotensin II or vehicle was then 
added and the cells were labelled for 18 h with [3H]leucine. Data  are 
expressed as percentage of the  angiotensin II response in control, 
vehicle-treated cells. 

EXP 3174 and losartan dose dependently inhibited 
angiotensin III-induced prostaglandin release whereas 
PD123177 was again completely ineffective. For 
prostaglandin 12 release, IC50 values for LR-B/081,  
EXP3174 and losartan were 2_+ 1, 0.39_+ 0.06 and 
26 + 11 nM, respectively. All the antagonists (up to 
10 -5 M) failed to affect the response to vasopressin 
(0.1 ~M)  (data not shown). 

3.3. Angiotensin II-induced protein synthesis 

Fig. 4 shows the effect of angiotensin II on leucine 
incorporation into proteins in vascular smooth muscle 
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cells. The addition of angiotensin II to confluent 
serum-deprived cells dose dependently enhanced the 
incorporation of [3H]leucine into proteins, reaching a 
value of 246 +__ 23% of basal at 1 /.~M (Fig. 4A). This 
effect was dose dependently prevented by preincuba- 
tion of the cells with LR-B/081 and losartan (10 -9  to 
10 -5 M) (Fig. 4B). Again, LR-B/081 displayed a higher 
potency than losartan (IC50 = 242 + 119 nM and 1221 
+ 687 nM, respectively), 80-90% of the angiotensin II 
response being blocked at 1/zM. LR-B/081 and losar- 
tan (up to 10 -5 M) did not affect the basal leucine 
incorporation. 
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3.4. Angiotensin H-induced DNA synthesis 

Angiotensin II enhanced, in a concentration-depen- 
dent manner, the incorporation of [3H]thymidine in 
confluent serum-deprived vascular smooth muscle cells, 
the incorporation being increased to 154 + 6% of the 
control value at 1 ~M. At the concentrations used, 
LR-B/081 and losartan per se lacked any effect on 
DNA synthesis but inhibited dose dependently the 
incorporation of [3H]thymidine induced by angiotensin 
II (1/zM), both antagonists displaying a similar pattern 
of inhibition (Fig. 5A). In addition, LR-B/081 and 
losartan (at 0.1 and 1 /xM) abolished the response to 
angiotensin III, which, unique among the other an- 
giotensins tested, stimulated DNA synthesis to the 
same extent as angiotensin II (144 + 4% of basal at 1 
/zM). Fetal bovine serum (10%) stimulated thymidine 
incorporation to 253 + 10% of control and this mito- 
genic effect was not significantly affected by preincuba- 
tion of the cells with the antagonists (Fig. 5B). 
PD123177, 10-: M, did not show any significant effect 
on angiotensin II/angiotensin III-stimulated DNA syn- 
thesis. 

4. Discussion 
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Fig. 5. Effect of various compounds  on angiotensin II-(5A) and 
serum-(5B) induced D N A  synthesis in vascular smooth muscle cells. 
(A) Confluent,  serum-deprived cells were preincubated in the ab- 
sence (vehicle, black bar) or the presence of the indicated concentra- 
tions of losartan (grey bar), LR-B/081  (hatched bar) or PD123177 
(dotted bar) for 30 min. Angiotensin II or vehicle was then added 
and the cells were labelled for 24 h with [3H]thymidine. D N A  
synthesis was determined as described in Materials and methods.  
Data  are expressed as percentage of basal non-st imulated conditions. 
(B) The cells were preincubated in the absence (vehicle, black bar) or 
the presence of 1 ~ M  losartan (grey bar), LR-B/081  (hatched bar) 
or PD123177 (dotted bar) for 30 min. Fetal bovine serum (10%) or 
vehicle was then added and the cells were labelled for 24 h with 
[3H]thymidine. Data  are expressed as percentage of basal non- 
st imulated conditions. 

The present study describes the effects of an- 
giotensin peptides and angiotensin II receptor antago- 
nists on both short-term, inositol trisphosphate and 
prostaglandin production, and long-term, protein and 
DNA synthesis, cellular responses in rat vascular 
smooth muscle cells. In short-term studies, angiotensin 
II induced a transient increase in inositol trisphosphate 
production and triggered in a concentration-dependent 
manner the release of both prostaglandin Ez/pros- 
taglandin I z. In long-term studies, angiotensin II was 
found to increase both leucine and thymidine incorpo- 
ration as a measure of cell hypertrophy. The results 
show also that LR-B/081 and losartan, the non-peptide 
angiotensin ATl-selective receptor antagonist used as 
reference compound, antagonize both the short-term 
and the long-term cellular effects of angiotensin II, 

while PD123177, a non-peptide angiotensin AT2-selec- 
tive receptor antagonist, was ineffective in both studies. 
Although it was suggested that the angiotensin AT 2 
receptor could be expressed in vascular smooth muscle 
cells cultured in particular conditions (Kambayashi et 
al., 1993), our data clearly indicate that the angiotensin 
AT 1 receptor mediates all the effects of angiotensin II. 
These results are in agreement with previous reports 
showing that angiotensin II-induced inositol trisphos- 
phate production, protein and DNA synthesis are 
blocked by angiotensin AT 1 receptor antagonists in 
various models including vascular smooth muscle cells 
(Timmermans et al., 1993; Herbert et al., 1994). The 
predominance of angiotensin AT~ receptors in our cell 
preparation was also confirmed by the observation that 



R.-M Catalioto et aL / European Journal of Pharmacology 280 (1995) 285-292 291 

p-aminophenylalanine 6 angiotensin II  and angiotensin 
II-(3-8),  two angiotensins capable of discriminating 
between the angiotensin A T  z (Speth and Kim, 1990) 
and angiotensin A T  4 (Harding et al., 1992) subtypes, 
respectively,  were  weak  agonists  for  inducing 
prostaglandin release and D N A  synthesis and that only 
angiotensin I I I  shared agonistic propert ies  similar to 
those of  angiotensin II. 

Using this angiotensin A T  1 receptor  cell prepara-  
tion, we characterized LR-B/081  in terms of potency 
and selectivity. LR-B/081  displayed a 2 -3  orders of  
magnitude higher potency than losartan, while it was 
approximately equipotent  with EXP3174 in inhibiting 
angiotensin II- induced prostaglandin E 2 and prosta- 
glandin 12 release. Moreover,  LR-B/081  was found to 
be more potent  than losartan in blocking the an- 
giotensin II- induced increase in protein synthesis. A 
higher potency relative to losartan has been reported 
for EXP3174 in antagonizing the angiotensin II-in- 
duced protein synthesis in rat vascular smooth muscle 
cells (Sachinidis et al., 1993) and in human mesangial 
cells (Chansel et al., 1992). In the latter case, EXP 
3174 was also 300-fold more potent  than losartan in 
suppressing angiotensin-induced prostaglandin E z pro- 
duction. LR-B/081  and losartan dose dependently re- 
duced also the increase in D N A  synthesis, but in this 
case the compounds showed similar potency. These 
results are in agreement  with previous studies report-  
ing that concentrations of  losartan similar to the ones 
used in our work antagonized angiotensin II- induced 
responses in various cellular models, i.e., intracellular 
Ca 2+ increase, inositol phosphate  formation and 
thymidine incorporation (Timmermans  et al., 1993). 

LR-B/081  and losartan were devoid of intrinsinc 
agonistic propert ies  in the experimental  conditions 
used. This observation is important  since losartan has 
been reported to produce a concentrat ion-dependent  
increase in prostaglandin 12 release in human astro- 
cytes and C6 glioma cells (Jaiswal et al., 1991b; Tallant 
et al., 1991b). Moreover,  LR-B/081  and losartan failed 
to inhibit the prostaglandin release stimulated by vaso- 
pressin or the mitogenic effect of fetal bovine serum, 
thus demonstrat ing their specificity of action and sug- 
gesting that their inhibitory effects result solely from 
blockade of the angiotensin A T  1 receptors and not of 
other  pathways. 

The fact that LR-B/081  is able, as the other an- 
giotensin A T  1 receptor  antagonists, to inhibit an- 
giotensin II-  and angiotensin I l l -s t imulated D N A  syn- 
thesis might be important  since vascular cell growth 
may contribute to the development  of hypertension. 
Prostaglandins also play an important  role in modulat-  
ing the action of angiotensin II. Prostaglandin 12 infu- 
sion in rats is known to inhibit angiotensin II- induced 
changes in mean arterial blood pressure,  total periph- 
eral resistance and renal and mesenteric vascular resis- 

tances (Jackson and Herzer,  1993). Prostaglandin E 2 
and prostaglandin I 2 are released by vascular smooth 
muscle cells prepared  from Wistar-Kyoto rats and 
spontaneously hypertensive rats, but in the latter case, 
basal and angiotensin II-st imulated prostaglandin 12 
production is reduced (Jaiswal et al., 1993). The inhibi- 
tion of vasodilator prostaglandin release by the antihy- 
pertensive angiotensin I I  antagonists does not seem 
paradoxical if one considers that when the vasocon- 
strictor effects of angiotensin II  are blunted by antago- 
nists, endogenous compensatory mechanisms must also 
be inhibited to avoid a potentially harmful hypotensive 
effect. 

The present  results, obtained using a cellular prepa- 
ration, are in good agreement  with the results obtained 
both in receptor  binding experiments (Renzetti  et al., 
1995, in preparat ion)  and in functional in vivo pharma-  
cological studies (Cirillo et al., 1995, in press), showing 
the high specificity and potency of LR-B/081  as an 
angiotensin A T  1 receptor antagonist and as an antihy- 
pertensive agent. Taking together, the data presented 
in this study describe LR-B/081  as a novel non-peptide 
angiotensin ATl-selective receptor antagonist that is 
capable of blocking proliferative responses to an- 
giotensin II, which may be of relevance for cardiovas- 
cular diseases. 

Acknowledgements 

The authors wish to thank Mr. M. Biagi for excel- 
lent technical assistance. 

References 

Bradford, M., 1976, A rapid and sensitive method for the quantifica- 
tion of microgram quantities of protein utilizing the principle of 
protein-dye binding, Anal. Biochem. 72, 248. 

Bunkenburg, B., T. Van Amelsvoort, H. Rogg and J.M. Wood, 1992, 
Receptor-mediated effects of angiotensin II on growth of vascu- 
lar smooth muscle cells from spontaneously hypertensive rats, 
Hypertension 20(6), 746. 

Chansel, D., S. Czekalski, P. Pham and R. Ardaillou, 1992, Charac- 
terization of angiotensin II receptor subtypes in human glomeruli 
and mesangial cells, Am. J. Physiol. 262, F432. 

Chiu, A.T., W.A. Roscoe, D.E. McCall and P.B.M.W.M. Timmer- 
mans, 1991, Angiotensin II-1 receptors mediate both vasocon- 
strictor and hypertrophic responses in rat aortic smooth muscle 
cells, Receptor 1, 133. 

Cirillo, R., A.R. Renzetti, P. Cucchi, M. Guelfi, A. Salimbeni, S. 
Caliari, A. Castellucci, S. Evangelista, A. Subissi and A. Gia- 
chetti, 1995, Pharmacology of LR-B/081, a new highly potent, 
selective and orally active nonpeptide angiotensin II AT l recep- 
tor antagonist, Br. J. Pharmacol. (in press). 

Harding, J.W., V.1. Cook, A.V. Miller-Wing, J.M. Hanesworth, M.F. 
Sardinia, K.L. Hall, J.W. Stobb, G.N. Swanson, J.K.M. Coleman, 
J.W. Wright and E.C. Harding, 1992, Identification of an an- 
giotensin II-(3-8)[AIV] binding site in guinea pig hippocampus, 
Brain Res. 583, 340. 



292 R.-M Catalioto et al. / European Journal of Pharmacology 280 (1995) 285-292 

Herbert, J.-M., C. Delis6e, F. Dol, P. Schaeffer, C. Cazaubon, D. 
Nisato and P. Chatelain, 1994, Effect of SR 47436, a novel 
angiotensin II AT 1 receptor antagonist, on human vascular 
smooth muscle cells in vitro, Eur. J. Pharmacol. 251, 143. 

Kambayashi, Y., S. Bardhan and T. Inagami, 1993, Peptide growth 
factors markedly decrease the ligand binding of angiotensin II 
type 2 receptor in rat cultured vascular smooth muscle cells, 
Biochem. Biophys. Res. Commun. 194, 478. 

Jackson, E.K. and W.A. Herzer, 1993, Angiotensin II/prostaglandin 
12 interactions in spontaneously hypertensive rats, Hypertension 
22(5), 688. 

Jaiswal, N., 1992, Stimulation of endothelial cell prostaglandin pro- 
duction by angiotensin peptides, Hypertension 19, 49. 

Jaiswal, N., D.I. Diz, E.A. Tallant, M.C. Khosla and C.M. Ferrario, 
1991a, Characterization of angiotensin receptors mediating 
prostaglandin synthesis in C6 glioma cells, Am. J. Physiol. 260, 
R1000. 

Jaiswal, N., D.I. Diz, E.A. Tallant, M.C. Khosla and C.M. Ferrario, 
1991b, The non-peptide angiotensin fl antagonist DuP 753 is a 
potent stimulus for prostacyclin release, Am. J. Hypertens. 4, 228. 

Jaiswal, N., D.I. Diz, M.C. Chappel, M.C. Khosla and C.M. Ferrario, 
1992, Stimulation of endothelial cell prostaglandin production by 
angiotensin peptides, Hypertension 19 (Suppl. 2), 49. 

laiswal, N., N. Jaiswal, E.A. Tallant, D.I. Diz and C.M. Ferrario, 
1993, Alterations in prostaglandin production in spontaneously 
hypertensive rat smooth muscle cells, Hypertension 21,900. 

Koh, E., S. Morimoto, S. Takamoto, R. Morita, S. Kim, T. Hironaka, 
T. Nabata, T. Onishi and T. Ogihara, 1989, Effects of valino- 
mycin on Ca 2+ mobilization in vascular smooth muscle cells 
induced by angiotensin II, Biochern. Biophys. Res. Commun. 
162(1), 491. 

Koh, E., S. Morimoto, J. Tomita, H. Rakugi, B. Jiang, T. Inoue, T. 
Nabata, K. Fukuo and T. Ogihara, 1994, Effects of angiotensin II 
receptor antagonist, CV-11974, on angiotensin II-induced in- 
creases in cytosolic free Ca 2+ concentration, hyperplasia, and 

hypertrophy of cultured vascular smooth muscle cells, J. Cardio- 
vasc. PharmacoL 23, 175. 

Ohnishi, J., M. Ishido, T. Shibata, T. Inagami, K. Murakami and H. 
Miyazaki, 1992, The rat angiotensin II ATIA receptor couples 
with three different signal transduction pathways, Biochem. Bio- 
phys. Res. Commun. 186, 1094. 

Rosenberg, R.D., 1993, Vascular smooth muscle cell proliferation: 
basic investigations and new therapeutic approaches, Thromb. 
Haemost. 70(1), 10. 

Sachinidis, A., Y. Ko, P. Weisser, M.K. Meyer zu Brickwedde, R. 
Dfising, R. Christian, A.J. Wieczorek and H. Vetter, 1993, 
EXP3174, a metabolite of losartan (MK 954, DuP753) is more 
potent than losartan in blocking the angiotensin II-induced re- 
sponses in vascular smooth muscle cells, J. Hypertens. 11(2), 155. 

Scott-Burden, T., W.A. Hahn, T.J. Resink and F.R. Biihler, 1990, 
Modulation of extracellular matrix by angiotensin II: stimulated 
glycoconjugate synthesis and growth in vascular smooth muscle 
cells, J. Cardiovasc. Pharmacol. 16 (Suppl. 4), $36. 

Speth, R.C. and K.H. Kim, 1990, Discrimination of two angiotensin 
receptor subtypes using a selective agonist analogue of an- 
giotensin II, p-amino-phenylalanine 6 angiotensin II, Biochem. 
Biophys. Res. Commun. 169, 997. 

Tallant, E.A., N. Jaiswal, D.I. Diz and C.M. Ferrario, 1991a, Human 
astrocytes contain two distinct angiotensin receptor subtypes, 
Hypertension 18, 32. 

Tallant, E.A., D.I. Diz, M.C. Khosla and C.M. Ferrario, 1991b, 
Identification and regulation of angiotensin II receptor subtypes 
on NG108-45 cells, Hypertension 17, 1135. 

Timmermans, P.B.M.W.M., A.T. Chiu, W.F. Herblin, P.C. Wong and 
R.D. Smith, 1992, Angiotensin II receptors subtypes, Am. J. 
Hypertens. 5, 406. 

Timmermans, P.B.M.W.M., P.C. Wong, A.T. Chiu, W.F. Herblin, P. 
Benfield, D.J. Carini, R.J. Lee, R.R. Wexler, J.A.M. Saye and 
R.D. Smith, 1993, Angiotensin receptors and angiotensin II re- 
ceptor antagonists, Pharmacol. Rev. 45, 205. 


