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Summary

Sartans are non-peptide AT1 receptor antagonists used to treat hypertension and related 

pathologies. Their effects on the G protein-dependent responses of angiotensin II (Ang II) 

were the same in vascular tissues and in isolated cell systems. All are competitive but, 

when pre-incubated, they act surmountably (only rightward shift of the Ang II 

concentration-response curve) or insurmountably (also decreasing the maximal response). 

Insurmountable behaviour reflects the formation of tight sartan-receptor complexes; it is 

often partial due to the co-existence of tight and loose complexes. Their ratio positively 

correlates with the dissociation half-life of the tight complexes and depends on the sartan: 

i.e. candesartan > olmesartan > telmisartan ≈ EXP3174 > valsartan > irbesartan >> 

losartan. When AT1 receptors display sufficient basal activity (in case of receptor over-

expression, mutation and, especially, tissue stretching) sartans may also act as inverse 

agonists. This rather affects long-term, G protein-independent hypertrophic responses

leading to cardiovascular remodelling. 
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Introduction.

The octapeptide angiotensin II (Ang II) is the main active peptide hormone of the renin–

angiotensin–aldosterone system. It mediates most of its physiological (and pathological) 

functions by activating the AT1 receptor, a member of the superfamily of G protein-

coupled receptors (GPCR) (de Gasparo et al., 2000). By stimulating these receptors Ang 

II will, among others, produce constriction of vascular smooth muscle and aldosterone 

secretion from adrenal glomerulosa cells and lead to trophic changes in the heart and in 

blood vessels. Much research has been focused on the molecular aspects of  AT1 receptor 

signalling and it has now become clear that, besides the traditional short-term G protein 

dependent effects on blood pressure (via inositol triphosphate production, cytosolic 

calcium transients and vascular smooth muscle contraction), there are also long-term G 

protein- independent signal transduction mechanisms leading to pathological remodelling 

of the heart and blood vessels (via activation of MAP kinases and other proteins involved 

in hypertrophic responses) (Oro et al., 2007). By acting in concert, these distinct signal 

transduction mechanisms will contribute to the pathophysiological consequences of 

excessive AT1 receptor activation. 

AT1 receptor- selective, orally active non-peptide antagonists have been found to be 

highly successful to treat hypertension and related pathologies (Timmermans, 1999; 

Oparil, 2000; Norris and Vaughn, 2003). These molecules are designated as “sartans” 

and, while their substituted imidazole core is highly variable (Table 1), they rather 

consistently contain a biphenylmethyl moiety with an acidic group (either a tetrazole or 

carboxylic acid) at the 2’-position (Berellini et al., 2005). The sartans have in common 

that they all competitively block the access of the AT1 receptor to Ang II and related 

agonists (Vanderheyden et al., 2000a; Le et al., 2007). This implies that their binding 

sites do at least partially overlap with the one of Ang II. As a number of sartans are 

currently used in clinical therapy, it is of interest to find out how they can be 

differentiated from each other. To this end, a number of studies have explored, and 

sometimes compared, additional pharmacological properties of the sartans with special 

focus on their ‘insurmountable antagonism’ and ‘inverse agonism’. Here, we will briefly 
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review the recent advances in our understanding about the molecular basis of these

somewhat exotic properties.

Insurmountable antagonism.

Contraction studies with rabbit aortic strips or other isolated vascular tissues have also 

shed light on some marked differences regarding some of their other pharmacodynamic 

properties. In this traditional paradigm, the tissues are invariably pre-incubated with 

antagonist before their challenge with agonist (Leff and Martin, 1986) and losartan (the 

prototype of the sartans) and a few others were shown only to produce parallel rightward 

shifts of the Ang II dose-response curve (Wienen et al., 1992; Dickinson et al., 1994; 

Vanderheyden et al., 1999). This phenomenon is designated as “surmountable” 

antagonism (i.e. Ang II can surmount the receptor blockade by such antagonists) and it is 

typical for fast-dissociating antagonists. Yet, most sartans including irbesartan, valsartan, 

EXP3174 (the active metabolite of losartan) and telmisartan also produced a partial 

depression of the maximal response and some like olmesartan and candesartan even an 

almost complete depression (Vauquelin et al., 2006; Le et al., 2007). This latter behaviour 

is qualified as “insurmountable” and, because of the competitive nature of the sartans 

(with respect to Ang II), it is related to their ability to slowly dissociate from the AT1

receptor (Vanderheyden et al., 2000a; Vauquelin et al., 2001a, 2002). In line with this 

interpretation, in vitro studies with intact Chinese Hamster Ovary Cells expressing the 

transfected human AT1 receptor (CHO-hAT1 cells) clearly established that a pre-

incubation step with the antagonist is essential for observing its insurmountable effect 

(Fierens et al., 1999a). 

This intact cell approach offers several advantages compared to previous investigations 

on intact tissues and cell membrane preparations. Among others, it allows both 

radioligand binding and functional assays to be carried out under similar experimental 

conditions so that both can be directly compared to each-other. Compared to the classical 

“organ bath” experiments, agonist/antagonist co-incubation experiments are easy to 

perform and, compared to experiments with membrane preparations, it is much easier to 

remove free ligands and, hence, to investigate the AT1 receptor dissociation 
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characteristics of the sartans. Last but not least, dissociation of candesartan and other 

sartans also appears to proceed appreciably slower from intact cells than from leaky ones 

and membrane preparations (Fierens et al., 2002; Verheyen et al., 2004). Despite the 

commonness of radioligand binding studies on plasma membranes or broken cell 

preparations, it is clear that GPCRs and membrane-associated proteins in general lose 

part of their natural environment (e.g. differences between the ionic composition and 

redox potential at both sides of the plasma membrane) when cells have been disrupted. 

This could explain why certain other receptors also display different ligand binding 

characteristics when experiments were done on intact cells instead of membrane 

preparations thereof (Hara et al., 1998; Packeu et al., 2008). It is clear that, because of 

their higher physiological relevance, intact cell experiments are to be preferred over those 

with broken cell preparations.

Functional and radioligand binding experiments with intact CHO-hAT1 cells have 

allowed us to advance a plausible model to describe the partial nature of insurmountable 

AT1 receptor antagonism by the majority of the sartants (Fierens et al, 1999a, Vauquelin 

et al., 2001b,c). Indeed, the competitive and partially insurmountable properties of the 

sartans can most easily be explained by a two-step model in where the initial sartan (I) -

receptor (R) interaction yields a fast reversible/ surmountable complex (I.R). For 

insurmountable antagonism, IR must be further converted into a tight binding (I.R*) 

state. (Fierens et al, 1999a; Vauquelin et al., 2001b,c). 

Computer simulations according to this model suggest that the biphenyltetrazole-based 

sartans display similar potency for the initial binding step (i.e. formation of IR) 

(Vauquelin et al., 2001b).  Based thereon, it was proposed that the biphenyl moiety of 

these molecules plays an essential role in the initial binding process. The amino acids of 

the receptor that take part in this process have not been unambiguously been identified 
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but amino acids such as Arg167 or Tyr113 are likely to play a predominant role (Vauquelin 

et al., 2001d; Baleanu-Gogonea et al., 2006). More recently, telmisartan was calculated to 

display 4.5-times lower potency for this initial interaction (Table 1) (Le et al., 2007). This 

behaviour of telmisartan is still compatible with the important role of the biphenyl moiety 

in the initial binding process if one assumes that the replacement of the tetrazole 

substituent by a carboxyl group decreases the potency (i.e. k1i/k-1i ratio) of the

equilibrium. 

The IR  IR* equilibrium represents the second step in this model. Inherent to this 

model is that only part of the sartan- AT1 receptor complexes reside in the IR* state while 

the remaining complexes are in the IR state.  IR* is apparently too unstable to be 

observed in the case of losartan but many other sartans stabilise IR* sufficiently well for 

an equilibrium between IR and IR* to be observed under the form of partial 

insurmountable antagonism in functional studies. The [IR*]/([IR]+[IR*]) ratio (i.e. the 

degree of insurmountability) is specific for each sartan and largely dictated by the 

dissociation rate of each sartan (Table 1). In this respect, closely the same dissociation 

rates were recorded for each sartan when investigated in direct as well as indirect 

radioligand binding studies as well as in functional wash-out experiments (Fierens et al., 

1999b, Vanderheyden et al., 2000a,b; Verheijen et al., 2000; Le et al., 2007). As shown in 

Fig. 1, there is a hyperbolic relationship between the degree of insurmountability of each 

of the sartans we investigated and their dissociation half-life (i.e. t1/2diss = 0.69/k-2i). This 

is to be expected from the above equation if the conversion of IR into IR* (given by k2i) 

occurs with the same rate for all sartans (since [IR*]/([IR]+[IR*]) = 1/(1+ 

0.69/(t1/2diss*k2i))). Of special interest is the very similar behaviour of telmisartan and the 

EXP 3174 (a biphenyltetrazole- based sartan): both display ± 70 % insurmountability and 

this effect disappears with closely the same rate (t1/2 of ± 25 min for telmisartan and 30 

min for EXP 3174 (Vanderheyden et al., 2000; Le et al., 2007). This similarity is in line 

with the proposed link between the degree of insurmountability and the dissociation rate 

of the sartans. Moreover, as only EXP 3174 is a biphenyltetrazole- based sartan (Table 

1), this similarity is also in line with structure-activity relationship studies stressing the 

essential role of the imidazole core of these molecules in stabilising the IR* complex. In 
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this respect, the insurmountable behaviour of sartans like candesartan and EXP 3174 can 

clearly been linked to the presence of a carboxyl group at their imidazole-derived moiety 

(Noda et al., 1993; Mochizuki et al., 1995). Indeed, this group is either absent or 

esterified in their prodrugs candesartan cilexetil, and losartan and these are unable to 

display insurmountable antagonism (Noda et al., 1993; Mochizuki et al., 1995). In the 

case of candesartan analogues, it was also clearly established that their degree of 

insurmountability was closely associated to the sterical position of this carboxyl group 

(Noda et al., 1993). Yet, telmisartan, valsartan and some other sartans (Wienen et al., 

1993; Criscione et al., 1993; Schambye et al., 1994; De Arriba et al., 1996) show 

insurmountable behaviour as well despite the absence of such carboxylic group at their 

imidazole-derived moiety (Table 1). Moreover, it has also been reported that the nature of 

its alkyl substituents may also determine whether sartans like UR-7280 are surmountable 

or insurmountable (De Arriba et al., 1996). This clearly illustrates that sartans may also 

utilise other pharrmacophores to stabilise IR*. 

Site- directed mutagenesis studies involving the systematic substitution of basic amino

acids (Arg, Lys and His in its protonated state) of the AT1 receptor into neutral ones 

suggest that the carboxyl end of angiotensin II interacts with Lys199 (Noda et al., 

1995,1996). The observation that mutating Lys199 in the human AT1 receptor into Gly 

decreases its affinity for sartans in a way that closely matches their degree of 

insurmountability suggests that this amino acid may play an important role in the 

stabilisation of IR* by such antagonists (Fierens et al., 2000; Vauquelin et al., 2001d). It 

also suggests that the binding pockets for Ang II and sartans are partially overlapping. 

The above equation also implies that the degree of insurmountability and the dissociation 

rate of the different sartans should be positively correlated to their “macroscopic” 

receptor affinity (Table 1) provided that the initial binding process is the same 

(Vauquelin et al., 2001b). Competition binding studies on CHO-hAT1 cells with 

radioligands as diverse as [3H]candesartan, [3H]irbesartan, [3H]angiotensin II, 

[3H]valsartan, [3H]olmesartan and [3H]telmisartan all revealed the same order of 

potencies for the biphenyltetrazole-based sartans (i.e. candesartan  olmesartan 
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EXP3174 > valsartan  irbesartan >> losartan) (Vauquelin et al., 2006; Le et al., 2007). 

EXP3174 was about 2 times less potent as candesartan and, despite the same dissociation 

rate and extent of insurmountability as EXP3174, telmisartan was found to be about 10 

times less potent than candesartan. The about 5-fold lower potency of telmisartan versus 

EXP3174 cannot be explained by differences between the kinetic parameters describing 

the IR  IR* equilibrium but fit perfectly with its (above mentioned) lower potency at 

the level of the initial I + R   IR interaction. 

Inverse agonism.

The simplest mechanism of GPCR stimulation assumes the existence of only two 

receptor conformations, an inactive and an active one, and that the presence of a bound 

agonist is absolutely necessary for the receptor activation process. Yet, this model is 

inadequate to explain the fact that many GPCRs exhibit some basal activity in the 

absence of agonist molecules (which is defined as “constitutive” receptor activity). 

Ligands which inhibit the basal receptor activity in a dose-dependent fashion are termed 

“inverse agonists” (Kenakin, 1996; Milligan, 2003). The wild-type AT1 receptor does not 

display significant constitutive activity but some receptor mutants do (Parnot et al., 

2000). Among these, one of the most studied mutations deals with the replacement of 

Asn111 on TM3 by glycine (no side chain) or by residues bearing a smaller side chain 

such as alanine or serine (Balmforth et al., 1997; Groblowski et al., 1997; Le et al., 2003). 

The ability of Ang II to further stimulate the constitutively active Asn111Gly AT1 receptor 

mutant suggests that it adopts a “pre-activated” conformation that is intermediate 

between the inactive and fully active states of the receptor  (Le et al., 2002; Hunyady et 

al., 2003). This is in line with the actual view that receptor activation proceeds according 

to a multi-step process starting with the release of conformational constraints within the 

receptor (Hulme et al., 1999; Gether et al., 2000; Vauquelin and Van Liefde, 2005).

The potential inverse agonistic properties of different sartans has only been addressed in 

a relatively small number of studies and most of them were performed on Asn111-mutated 

AT1 receptors (Table 2). This is presumably because of the clearly discernible levels of 

constitutive activity in those systems. In this context, it is of interest to note that various 
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sartans display lower affinity for the Asn111 -mutated AT1 receptors than for the wild-type 

receptor (Le et al., 2003). A plausible explanation for this behaviour is that such ligands 

preferentially bind to the inactive conformation of the receptor than to its pre-activated 

conformation and, consequently, that they have the potential to act as inverse agonists. 

Yet, as different Asn111 substitutions decreased the receptor’s affinity for losartan to the 

same extent as for the insurmountable sartans irbesartan, EXP3174 and candesartan (Le 

et al., 2003), such preference should be unrelated to the insurmountable nature of the 

sartans and, more particularly, to the presence of a carboxyl group at their substituted 

imidazole core. 

Different sartans were also effectively found to exhibit inverse agonist- like behaviour 

but clear-cut structure-activity relationship considerations are still hampered by the lack 

of consistency among the results from different teams. Indeed, while Groblewski et al. 

(1997) noticed that losartan (i.e. Dup 753) reduced the basal activity the Asn111Ala AT1 

receptor mutant in COS-7 cells after one hour incubation, no such effect of losartan was 

seen after ‘short-term’ (ranging from 15 min to 2 h) incubations for the Asn111Gly mutant 

in CHO-K1 cells by us (Le et al., 2003). Under such short incubation conditions, 

insurmountable sartans such as candesartan, EXP3174 and irbesartan did not show 

inverse agonism either. Yet, losartan as well as the above-mentioned insurmountable 

sartans produced a clear-cut decrease of the constitutive activity when recombinant CHO-

K1 cells expressing the Asn111Gly AT1 receptor mutant were pre-incubated with these 

antagonists for 18 h (Le et al., 2003). Based on the rationale that the inter-conversion 

between the pre-activated and inactive states might be extremely slow in the case of 

Asn111-mutated AT1 receptors, the same long incubation times have also been adopted by 

others (Noda et al., 1996; Miura et al., 2006). Contrary to our observations (Le et al., 

2003), no inverse agonism by losartan could be observed by Miura et al. (2003) for the 

Asn111Gly receptor mutant in COS-1 cells. However, these investigators documented the 

ability of EXP3174, valsartan and olmesartan to decrease the constitutive activity of this 

receptor mutant and gathered evidence that the carboxyl and hydroxyl groups at the 

substituted imidazole core of olmesartan play an important role in this process (Miura et 

al., 2003, 2006, 2008). 
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However, even with the disparate results for losartan being set aside, this “receptor 

mutant” approach incites two critical considerations. First, because of the long incubation 

times needed, it cannot be excluded that the ability of the sartans to diminish basal 

activities reflect phenomena like post-translational modifications of the mutant receptors, 

their internalisation or even their down-regulation instead of inverse agonism. Although 

such phenomena were previously attributed to agonists only, there is now a widespread 

opinion that receptors can adopt a broad range of conformations and that there is only a 

partial overlap between the conformations that mediate distinct receptor functions 

(Kenakin, 1996). Secondly, one should keep in mind that the amino acid sequence of 

mutated receptors is distinct from that of the wild type receptor and, hence, that they are 

structurally different proteins (Giraldo, 2004). This also implies that agonist-, antagonist-

as well as inverse agonist interactions with wild-type and constitutively active receptor 

mutants could produce completely different outcomes or, in other words, that results 

obtained with such mutant receptors do not provide pertinent information with respect to 

the wild-type receptor.

Over-expression of wild-type receptors constitutes an alternative approach to generate 

constitutive receptor activity (Kenakin, 1996) and, because of the unaltered receptor 

structure, such systems are likely to provide more reliable information about inverse 

antagonists. For the study of sartans, this approach is severely hindered by the only 

marginal basal activity of the wild-type AT1 receptors in endogenously expressing as well 

as in potentially over-expressing recombinant cell systems (Le et al., 2003; Miura et al., 

2006, 2008). Yet, using such approach, candesartan was shown to significantly decrease 

the basal extracellular signal-regulated protein kinase (ERK) activity in HEK293- and 

COS7 cells transiently expressing wild-type AT1 receptors (Zou et al., 2004). In the same 

line, olmesartan was shown to decrease the basal inositol triphosphate production in 

COS1 cells transiently expressing wild-type AT1 receptors (Miura et al., 2006) and, more 

recently, valsartan was also reported to produce a small decrease of the basal activity in 

this recombinant system as well as in endogenous AT1 receptor- expressing vascular 

smooth muscle cells (Miura et al., 2008). A major note of concern with respect to the 
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physiological relevance of such studies could be that basal AT1 receptor activities are 

very low when compared the fully stimulated ones. While this may be the case when 

considering the inositol triphosphate production- related short-term AT1 receptor 

responses like blood pressure control, the situation could be quite different when 

considering hypertrophic responses in tissues that are subject to mechanical stress.

Mechanical stress has indeed been shown to produce hypertrophic responses in diverse 

cell cultures including cardiomyocytes, bladder smooth muscle cells and chondrocytes 

(Sadoshima et al., 1993; Kudoh et al., 1998; Nguyen et al., 2000; Fukunaga et al., 2003; 

Zou et al., 2004). In cultured rat neonatal cardiomyocytes, these responses include 

(among others) the activation of ERKs and other mitogen-activated protein (MAP) 

kinases (Kudoh et al., 1998). This seems to take place via AT1 receptor -dependent and -

independent mechanisms (van Kesteren et al., 1999; Lal et al., 2007). Indeed, on the one 

hand, stress-mediated ERK activation and induction of the c-fos gene still took place in 

cardiomyocytes from AT1 receptor knockout mice (Kudoh et al., 1998; Harada et al., 

1998). On the other hand, sartans like losartan, valsartan or candesartan have been shown 

to inhibit MAP kinase activation, electrical remodelling and other hypertrophic responses 

in wild-type cardiomyocytes at various occasions (Sadoshima et al., 1993; Yamazaki et 

al., 1995 a,b; Kudoh et al., 1998; Zou et al., 2004; Iekushi et al., 2007; Saygili et al., 

2007). 

In this respect, two mechanisms have been proposed to explain the link between of 

cardiomyocyte stretching and AT1 receptor activation. On the one hand, mechanical 

stress has been found to stimulate the secretion of Ang II from secretory granules in 

cardiac myocytes, suggesting that AT1 receptor activation by its natural messenger 

contributes to the hypertrophic response (Sadoshima et al., 1993; Yamazaki et al., 1995a; 

Kudoh et al., 1998). In this respect, Ang II has also been suggested to act as an important 

autocrine mediator of stretch-induced phenomena in other cell types (Becker et al., 1998; 

Park et al., 1998). Yet, Zou et al. (2004) recently reported that, upon mechanical 

stretching of cultured rat neonatal myocytes, the AT1 receptors could also be activated 

without the intervention of Ang II (i.e. without noticeable autocrine secretion of Ang II) 

and that this activation was blocked by candesartan. These authors also demonstrated the 
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ability of candesartan to block mechanically stress- induced hypertrophic responses as 

well as inositol triphosphate production in HEK293- and COS7 cells transiently 

expressing wild-type AT1 receptors. It has therefore been suggested that AT1 receptors 

may also function as Ang II-independent mechanoreceptors and/or that they are 

physically complexed with integrins and other mechanosensors (Zou et al., 2004; Oro et 

al., 2007). Accordingly, it has been proposed that sartans could block stretch-generated 

hypertrophic responses by acting as inverse AT1 receptor agonists (Zou et al., 2004; 

Miura et al., 2006, 2008). Mechanical stretching of cultured rat neonatal myocytes also 

failed to trigger noticeable autocrine secretion of Ang II in an earlier study (van Kesteren 

et al., 1999) but here, losartan failed to inhibit the generated hypertrophic response. 

Because of the limited information presently available, it is still to early to proclaim 

whether the difference in the reported protecting behaviours of candesartan and losartan 

has a genuine mechanistic foundation or whether it is merely due to subtle differences in 

the experimental conditions. A rigorous comparison (and preferably in a single study) of 

the propensity of different sartans to block stretch-generated non-autocrine hypertrophic 

responses is absolutely needed to clarify this issue. Based on so-obtained information, a 

link could be made between the end-organ protecting behaviour of sartans and certain 

particularities of their chemical structure and/or other pharmacological properties of 

interest such as their degree of insurmountability.

Concluding remarks. 

 Is is becoming increasingly clear that the pathological consequences of an over-active 

renin–angiotensin–aldosterone system result from the ability of Ang II to produce fast, G 

protein dependent rises in blood pressure as well as longer-term, G protein- independent 

hypertrophic cellular responses leading to remodelling of heart and blood vessels (Oro et 

al., 2007). The recent finding that valsartan significantly inhibited periostin expression (a 

putative soluble extracellular matrix protein) and improved cardiac dysfunction without 

change in blood pressure and heart rate in a rat myocardial infarction model (Iekushi et 

al., 2007) illustrates that there is no necessary causual link between the short-and long-

term effects of Ang II. Yet, sartans have been found to be highly successful to treat both 

hypertension and the related pathologies (Timmermans, 1999; Oparil, 2000; Norris and 
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Vaughn, 2003). This could be achieved by two distinct mechanisms. The most 

thoroughly investigated one simply deals with the ability of the sartans to prevent the 

access of Ang II to the AT1 receptor by virtue of competitive inhibition. This plays an 

essential role for blood pressure reduction and, in this respect, marked differences have 

been found in the ability of different sartan- AT1 receptor complexes to adopt a slow-

dissociating state and in the dissociation rate thereof. These kinetic properties provide a 

sufficient explanation for the insurmountable effect of sartan in the classical rabbit aortic 

strip contraction experiments and for the often partial nature thereof. Yet, seen the often 

much longer plasma half-life of these sartans, it is to be questioned whether their receptor 

dissociation is sufficiently slow to produce a tangible contribution to their long-lasting 

anti-hypertensive effect in vivo without the intervention of additional processes such as 

rebinding (Oparil., 2000; Schmidt and Schieffer, 2003; Vauquelin and Van Liefde, 2006; 

Lindström et al., 2007, Vauquelin and Szczuka., 2007). Experimens with constitutively 

active AT1 receptor mutants suggest that at least some of the sartans display inverse 

agonism. Yet, inverse agonism is unlikely to have a major impact on G protein-

dependent in vivo responses because of very low basal activity of the wild-type AT1

receptor and the continuous presence of circulating and/or locally produced Ang II. In 

this respect, it is noteworthy that, at least in mice, the levels of Ang II in heart and kidney 

are about 15- and 25-fold higher than in plasma (Campbell et al., 2004). Yet, inverse 

agonism may play an important role when considering the prevention by sartans of AT1

receptor mediated hypertrophic and other pathophysiological effects in cardiovascular 

tissues.  Indeed, it appears that such effects are G protein- independent and that they can 

occur without the intervention of Ang II or an increase in blood pressure (Zou et al., 

2004; Iekushi et al., 2007). Unfortunately a rigorous comparison of the propensity of 

different sartans to block stretch-generated hypertrophic responses intact cell systems has 

not been performed yet. However, such experiments should provide us a more complete 

and maybe more subtle picture of the in vivo actions of these therapeutically highly 

successful molecules. 
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Legends to Tables.

Table 1.  

Sartan structure and interaction with the human AT1 receptor stably expressed in 

recombinant CHO-hAT1 cells.

The percentage of fast- and slow-dissociating complexes refer to surmountable and 

insurmountable effects of sartan pre-incubation on Ang II- mediated inositol triphosphate

production during 5 min. Sartan dissociation half-lives are calculated from radioligand 

binding and/or functional experiments. Their potencies relative to candesartan are from 

[3H]valsartan competition binding experiments (data from Fierens et al., 1999a,b; 

Vanderheyden et al., 2000a,b; Verheijen et al., 2000; Le et al., 2007).

Table 2.  

Effect of sartans on G protein -dependent (production of inositol triphosphate) and 

-independent (ERK activation and/or other hypertrophic responses) responses in intact 

cell systems. 

* Stands for hypertrophic responses without evidence for autocrine Ang II release.
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Legends to Figures.

Figure 1.  

Correlation between the degree of insurmountability (i.e. the [IR*]/([IR]+[IR*]) ratio) 

and the corresponding experimental half-lives (t1/2 in min) of sartan dissociation from the 

human AT1 receptor stably expressed in recombinant CHO-hAT1 cells. Data are from 

Table 1;  t1/2 was arbitrarily set to 1 min for losartan. The curve was drawn according to a 

hyperbolic function with GraphPad Prism software (GraphPad Software Inc., San Diego, 

CA).

Table 1.
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Figure 1

http://ees.elsevier.com/mce/download.aspx?id=22296&guid=6867b668-f5bb-49dc-917a-aedd5f8239b0&scheme=1


Page 26 of 27

Acc
ep

te
d 

M
an

us
cr

ip
t

Table 1
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AT1 receptor activity sartan              effect             reference

Wild-type receptor: basal valsartan decrease Miura et al., 2008
inositol phosphate production olmesartan decrease Miura et al., 2006

Wild-type receptor: basal candesartan decrease Zou et al., 2004
ERK activity

Wild-type receptor: hypertrophic candesartan decrease Yamazaki et al., 1995a,b
response to mechanical stress candesartan decrease Kudoh et al., 1998

candesartan decrease* Zou et al., 2004
valsartan decrease Iekushi et al., 2007
losartan decrease Sadoshima et al., 1993

losartan none* van Kesteren et al., 1999
losartan decrease Saygili et al., 2007

Asn111-mutated receptor: basal losartan decrease Groblewski et al.,1997
inositol phosphate production losartan decrease Le et al., 2003

losartan none Miura et al., 2003 
irbesartan decrease Le et al., 2003
valsartan decrease Miura et al., 2008
EXP 3174 decrease Le et al., 2003
olmesartan decrease Miura et al., 2006
candesartan decrease Le et al., 2003

Table 2


