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In a preliminary work, we reported two N&sartans, possessing the characteristics of anakitagonist

and a “slow NO donor”, obtained by adding NO-donor side chains to losart@ihe NO release from an
NO-—sartan should be modulated in order to strengthen the antihypertensive activity of the native drug and
to ensure additional effects, such as the antiplatelet and anti-ischemic ones. To obtain a collection of proto-
typical NO—sartans, showing different rates of NO release, new NO-donor moieties have been lidked to

or its active metabolit@ (EXP 3174). Almost all the synthesized compounds exhibited bothakitagonist

and NO-mediated vasorelaxing properties, with a wide range of NO-releasing rates. Further pharmacological
investigation on compoungk showed that it possessed antihypertensive and cardiac antihypertrophic effects
similar to those of the reference Ablocking or ACE-inhibiting drugs. Furthermore, the additional anti-
ischemic cardio-protective properties and antiplatelet effecgadfave been preliminarily investigated.

Introduction produced via alternative pathways by enzymes such as chy-
mase®
The inability of ACE inhibitors to induce a complete block

of the production of All at the receptor site, and their adverse
effects (such as cough and angioedema), have led to the
development of “sartans” as a new class of drugs for the
treatment of hypertension. These drugs selectively block AT
receptors and, compared with ACE inhibitors, have fewer side
effects, because they do not inhibit the catabolism of bradykinin
carried out by ACE enzyme, and therefore they do not induce

An effective approach for treating hypertension is offered by
the possibility of modulating the activity of the renin
angiotensin system (RAS). The effector hormone in the RAS
is the octapeptide angiotensin Il (All), produced in vivo from
angiotensin | by the nonspecific carboxydipeptidase angiotensin-
converting enzyme (ACB).By interacting with its type 1
receptor (AT), All determines a direct vasoconstrictor action
and a rise in the release of aldosterone, a mineral corticoid

hormone which causes renal retention of'Nans and water, ; X . .
cough and angioedema. However, this biopharmacological

thus exerting a hypertensive effect. Lo . .
. . peculiarity is also responsible for the weaker effectiveness of
The RAS offers several pharmacologically distinct approaches drugs of this class, compared with that of ACE inhibitors,

for antihypertensive therapy, and among these, the inhibition o556 of their inability to increase the bradykinin level and
of ACE is of particular interest. ACE inhibitors, such as captopril narefore to enhance the NO-induced vasorelaxing activity.

and enalapril, are widely used in the treatment of hypertension. . . ) .
. . . The physiological levels of endogenous NO mediate multiple
However, ACE is not a selective enzyme for the conversion of . :
fundamental processes in the cardiovascular system. NO donors

angiotensin | into All: actually, it degrades other biologically are pharmacologically active substances that release NO spon-

gctl\ée pept@es such as brla.dyklmn, substance P, and .enkephat—aneously or through enzymatic pathways. Organic nitrate and
lins.? In particular, bradykinin stimulates the endothelium to .. . .
nitrite esters represent a class of NO-donor agents used in

rerfcausr(saozlglrcin?zfg (nl\iltgg’o; dzusbﬁta;\gc;i (gly\legga\t;ﬁo;;on:inl_ts cardiovascular diseases since the 19th century. Treatment with
P 9 y y ’ P these conventional esters is limited by their therapeutic half-

cipal biological aptiop Includes vascular smooth muscle requ- life, their systemic absorption with potentially adverse hemo-
ation through activation of guanylate cyclase and the production dynamic effects, and problems of drug tolerahd@ overcome

of c-GMP as the second messenger. Thus, by inhibiting the cata- S
bolism of bradykinin, ACE inhibitors exert some of their bene- these limitations, novel NO donors have been developed that

ficial pharmacological effects by increasing NO producfidn, offer selectivity, a prolonged half-life, and a reduced incidence

. o - of problems of drug tolerance.
However, while on one hand, bradykinin conservation can

b dered ible for additional cardi I fiviti In the past few years, we have witnessed the flourishing of
€ consiaered responsible for additional cardiovascuiar aciviles o a5 o several hybrid drugs, in which a well-known molecule
of ACE inhibitors, on the other hand, it is the cause of some of

. - ; .with a particular pharmacological pattern has been linked with
their adverse effects such as the cough. Besides, increases i, NoO-donor group, with the aim of improving the pharmaco-

bradykin?n and substanqe P levels are also thought to |Oelogical profile or reducing the adverse effects. In this field, many
contributing factors to angioederhén addition, ACE inhibitors NO-releasing antiinflammatory drugs have emerged as an

do not lead to a complete blockade of RAS; indeed, All can be o resting new class of effective antiinflammatory compounds
with reduced side effects (gastric or intestinal ulceration), with

*To whom correspondence should be addressed. Pherg9-050- respect to those of the classic nonsteroidal antiinflammatory
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have been synthesized, and recently, nitrosothiol esters oflytic amount ofN,N-dimethylaminopyridine (DMAP), afforded
diclofenaéd! and NO-releasing derivatives of prednisol&iiwve compounds.
also been described. As regards cardiovascular drugs, NO- Derivatives4a and 4b were prepared fronila and 11b,
releasing ACE inhibitors, NO-releasing calcium antagonists, and obtained by the reaction of the corresponding commercially
NO-releasings-blocking agents have been synthesized® to available chloro derivative47 and 18 with silver nitrate in
improve the antihypertensive effects of the “native” drugs. acetonitrile. Compound&lab were condensed with losartan
As regards sartans, we decided to add an NO-donor group to(1), using DCC and DMAP in THF, to give the corresponding
a sartan molecule, in an attempt to increase the antihypertensivenybrids 4a and 4b.
activity. This chemical manipulation generated an original new  The reduction of the appropriate acetylbenzoic at® 20)
class of drugs (N©sartansy consisting of pharmacodynamic by LiAIH 4 in THF furnished the corresponding alcohofl(
hybrids with ATi-antagonist properties and additional NO- 22). The subsequent reaction with nitric acid and acetic
mediated, but bradykinin-independent, cardiovascular effects. anhydride at—10 °C afforded the nitro esterslc and 11d,
Initially, on the basis of the consideration that losartéph ( which were condensed with losartab),(to give compounds
and its active metabolit2 (EXP 3174) (Chart 1) possess both 4c and4d.
the high activity and the molecular features (i.e., the presence The hybrid5 was obtained from the condensation of losartan
of an easily esterifiable group) useful for our purposes, we with the benzoic acid 2 following the same procedure described

synthesized two lead compound3 &nd 44),1° in which an above. 2,6-Dimethylbenzoic acidd) was treated with paraform-
aliphatic (as in3) or an aromatic (as ida) moiety is inserted  aldehyde, concentrated HCI, and glacial acetic acid 23
between the AT antagonist {) and a nitric ester function. give compound24. This chloro derivative was converted into
The results of in vitro and in vivo preliminary studiés the nitro ested 2 by treatment with silver nitrate in acetonitrile.
indicate that these N©sartans 3, 4a) are really pharmacody- The 2,6-pyridindicarboxylate26) was reduced with NaBH

namic hybrids possessing the desired dual activity and that thein a 2:1 ratio to give monoalcoho26.2° The subsequent
nature of the linker may affect their biopharmacological hydrolysis of monoesteR6 with NaOH in methanol under
properties. On this basis, as a further step, a series of new duamicrowave irradiation afforded the ac¥, which was nitrated
molecules 4b—d, 5, 6), in which losartan itself is linked to  with nitric acid and acetic anhydride at10 °C to give
different molecular portions bearing a nitric ester moiety, were compound13. Finally, the ester derivativé was obtained by
synthesized. Furthermore, the hybrids 8ab) in which an the coupling ofL3 with the losartani), using DCC and DMAP.
aromatic nitric ester is linked to the active metabolite of losartan  Derivatives7 and 8a,b were prepared following the proce-
(2) and one 9) in which the nitric ester function is directly  dures illustrated in Scheme 2. The 3-hydroxybenzyl alcat@)l
linked to losartan itself were synthesized (Chart 2). The new was transformed into the corresponding chloro derivafi9e
“NO-donor linkers” used in this worklQ, 11a—d, 12—15ab) by chlorination with thionyl chloride in chloroform. The
(Chart 3) present a pyridine systeri3( or methyl group(s)  subsequent reaction with silver nitrate in acetonitrile gave the
directly linked to the aromatic systems2) or to the carbon nitric ester14. This compound was condensed witho give
adjacent to the nitric ester functiob¥cd). These linkers were  compound7. Compound2 was prepared from losartari)(
selected on the basis of the hypothesis that steric and/orwhich, initially, was oxidized with manganese dioxide in water
electronic differences, due to their different molecular structures, under microwave irradiation to the corresponding aldeRyde
may modulate the rate of NO release and therefore affect the(30) and subsequently was oxidized with NaGihd NaHPO,
biopharmacological responses. in water andt-BUOH to the corresponding acki

The appropriate dihydroxybenzyl alcoh8ll@gb) was trans-
formed into the corresponding monochloro deriva®2ab by

The synthesis of compounds-6 is represented in Scheme treatment with concentrated HCI in toluene at 25. The
1. 5-Chloropentanoic acidl6) was converted into 5-nitroxy-  subsequent reaction with silver nitrate afforded the nitric esters
pentanoic acidi0) by treatment with silver nitrate in acetonitrile ~ 15aand15bwhich were condensed wit to give compounds
at room temperature and in the dark. Condensation of the nitro 8a and 8b.
ester (0) with losartan {) in tetrahydrofuran (THF), in the Compound was obtained by direct nitration of losartat) (
presence oN,N'-dicyclohexylcarbodiimide (DCC) and a cata- with nitric acid and acetic anhydride at10 °C.

Chemistry
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Pharmacological Results only a partial efficacy, evoked concentration-dependent vasore-
NO-Mediated Vasorelaxing Activity. All the tested com- laxing responses, with full efficacy, on rat aortic rings precon-

pounds 8—9), with the only exception ofic which exhibited tracted by 30 mM KCI (Table 1). All these responses were
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Chart 3
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significantly antagonized by the inhibition of guanylate cyclase, In these experimental conditions, compouddgl, 5, and9
achieved by the administration oM 1-H-[1,2,4]-oxadiazole- failed to exert any significant antagonism, while a prolonged
[4,3-a]-quinoxalin-1-one (ODQ), thus indicating that the va- incubation time (60 min) allowed compounds,d and 9 to
sorelaxing effect was due to the release of NO from the hy- exhibit a significant AT antagonism, with Kb which again
brid drugs and therefore to the triggering of the NEGMP reached the nanomolar range (Table 2). As regards compounds
pathway. 7 and8ab, hybrid derivatives o, after a “brief” incubation

In particular, compound®a,b showed a vasorelaxing activity  time (20 min) only compound (0.1x«M) determined an almost
with potency parameters almost comparable with those exhibitedcomplete abolition of the vasocontractile effects of angiotensin
by 3 and4a. Compound4b showed the strongest vasorelaxing Il, exhibiting the profile of insurmountable antagonism typical
activity, with a potency parameter (pJ§ higher than those  of 2 (Table 2). Compound8a,b were ineffective after a “brief”
exhibited by the previously described pioneer compodaisd incubation time and required a prolonged one (60 min) to release
4a(Figures 1 and 2). In comparison wi8and4a, compounds the “native” drug 2 and thus to exert an insurmountable
4d and7 showed a moderate decrease in thespl@lues (about antagonism (Table 2).
1 order of magnitude), whil®, 6, and9 exhibited a greatly Although the reference ATantagonistd and2, as well as
reduced potency index (about 2 orders of magnitude). Finally, the hybrid derivativela, showed the antagonist properties after
compounddc showed only partial vasorelaxing efficacy30%, 20 min of incubation time (“brief” period), they were also
at the highest concentration administered), which did not allow incubated for 60 min (prolonged incubation). Their antagonist
the calculation of the potency index. profiles recorded in these latter experimental conditions were

The experimental results emerging from the time-course almost equivalent to those observed after the “brief” incubation
protocols are fully consistent with the pjvalues recorded  time (Table 2).
with the cumulative concentratietresponse curves, thus indi- Antihypertensive Effects.As previously reporteé follow-
cating that the differences in the potency are linked to different ing both the oral and the subcutaneous treatment of spontane-
rates of NO release. As expected, the concentrationdfl bf ously hypertensive rats (SHRs), the ACE inhibitor captopril,
compounds4c,d, 5—7, and 9 evoked modest vasorelaxing the AT; antagonist losartanl), and compoundia caused a
responses<{25%) in this experimental protocol, because of their significant lowering of the values of systolic blood pressure,
low plCso. Compound4a (1 uM) determined a reduction to  which, after 4 weeks of treatment, were almost the same as those
approximately one-half of the contractile tone of the vessels recorded in normotensive animals. In particular, the antihyper-
(Figure 2). The most potent compoudd (1 M) caused an tensive effects ofta were not lower (and, perhaps, they were
almost complete vasorelaxing effect (Figure 2). Although even slightly higher) than those exhibited by the “native” drug
compoundsa,b showed vasorelaxing potencies lower than that losartanl.
of 4b, their time-course vasorelaxing profiles were similar to ~ Cardiac Antihypertrophic Effects. As widely reported in
that of4b (Figure 2). Moreover, a comparison of the time-course international literatur@? the SHRs used in this study showed a
vasorelaxing effects of the synthesized compounds with thosesignificant cardiac hypertrophy, almost exclusively due to an
of sodium nitroprusside (SNP, a rapid NO donor selected as aincreased mass of the left ventricle (Figure 3).

reference drug) showed that the release of NO by-d@rtans As expected, the administration of the Adntagonist losartan
is a slow process (Figure 2). (2) or the ACE inhibitor captopril led to a reduction in the left
AT ;-Antagonist Activity. After 20 min of incubation, ventricle mass and, consequently, in the overall cardiac mass,

compound#b and6 exhibited AT;-antagonist properties, with  which went down to the levels recorded in the normotensive
potency parameter&g) in the nanomolar range, similar to those animals. In the same type of experiment, compotmexhibited
shown by the pioneer dru@sand4aand to that of the reference  antihypertrophic effects, which proved to be very similar to those
antagonist losartath (Table 2). shown by losartad and captopril (Figure 3).
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aKey: (a) AgNGs, CHsCN, 25°C; (b) DCC, DMAP, THF, 25°C; (c) LiAlH4 1 M, THF, 0°C; (d) HNO;, Acz0, —10 °C; (€) HCHO, HCI, AcOH, 80
°C; (f) NaBH;, MeOH, —10 °C; (g) NaOH, MeOH, mw, 2.5 min, 16€C.

Anti-Ischemic Effects. Losartan 1) and compoundawere Both these compounds also exhibited the desired-AT
tested on an experimental model of cardiac ischemeperfu- antagonist effects. As the hybrid compousad exerted AT-
sion. The ischemic injury, evaluated with the functional antagonist effects in eserin-free conditions, while the presence
parameters of postischemic inotropism (evaluated as rateof eserin (esterase inhibitor) dramatically reduced this antago-
pressure product, RPP) and coronary flow (CF), was not reducednism, it was clear, as previously demonstrated, that the- AT
by 1, while compound4a induced a marked improvement of  blocking activity was due to the hydrolytic cleavage of the side
the two parameters: the RPP parameter reached an almosghain and the release of the “native” losartan. Consistently, the
complete recovery of the levels recorded in the preischemic time, AT1-antagonist properties & and4a (K, = 16 and 6 nM,
and the CF recorded in the reperfusion time was almost 2-fold respectively) were slightly lower3f than, or substantially
higher than that recorded in the preischemic period (Figure 4). €quivalent 4a) to, those shown by losartan itseky= 4 nM).

Antiplatelet Effects. A concentration of 5uM adenosine This experimental evidence demonstrated the concrete pos-
diphosphate (ADP) determined on rat platelet-rich plasma (PRP)SiPility of developlr!g such a class of pharmacodynamic hybrids.
a significant platelet aggregation (671%; Figure 5). The effect As regards hybrid “dual” molecules, the presence of both the

of ADP was partially reduced by losartat) (50 + 5%; Figure desired mechanisms of action represents the first necessary con-
5). Compoundiacaused a more pronounced antiplatelet activity, dition. Another fundamental aspect concerns the correct balanc-

determining an about half-reduction of the aggregating effects ing of the two pharmacodynamic properties, to obtain drugs
of ADP (41 =+ 4%; Figure 5). that can profitably be applied in therapy. In particular, the NO

release from an N©sartan should be correctly modulated in
order to strengthen the antihypertensive activity of the native
drug and, in particular, to ensure additional desired beneficial
In a previous preliminary report, we introduced a new class cardiovascular effects such as the antiplatelet and anti-ischemic
of potential cardiovascular drugs, the N@artans, which exhibit ~ ones, without exasperating the negative effects, such as an
a dual pharmacodynamic profile.Indeed, the two reported excessive hypotensive response. According to this view, the
pioneer compound$@nd4a) showed both NO-releasing effects NO-modulated vasorelaxing effects should be moderate, be-
and AT;-antagonist properties. In particular, compoudmd cause the additional contribution of a strong vasodilator activity
4a produced vasorelaxing effects, showing gJ@ the micro- seems to be inessential (or even deleterious) for drugs already
molar range. These vasorelaxing effects were shown to be duepossessing a good antihypertensive efficacy, such as sartans.
to the release of NO, because they were antagonized by the Therefore, to develop a representative collection of prototypi-
guanylate cyclase inhibitor ODQ (@M). cal NO—sartans differing from each other in their variable NO-

Discussion
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NaH,POy, H20, t-BuOH, 25°C; (f) HClcone toluene, 25°C.

releasing rates, compourdl underwent various structural
modifications of the NO-donor moiety. The first step consisted
of the direct insertion of the nitric ester on the hydroxyl group
of losartan. The target compoufdexhibited a low vasorelaxing
potency and, consistently, the administratio®att a concentra-
tion of 1 uM did not produce any vasorelaxing effect in the

time-course protocols. This can be explained by the hypothesis

Journal of Medicinal Chemistry, 2006, Vol. 49, R&33

Table 1. plCsp and Emad

compound plGo Emax %0
3 6.07+0.11 100
4a 6.56+ 0.08 100
4b 7.18+0.03 100
4c not calculable 4% 1
4d 5.114+0.03 100
5 4.49+ 0.02 100
6 4,91+ 0.06 100
7 5.22+ 0.08 100
8a 6.18+ 0.03 100
8b 6.56+ 0.02 100
9 4.824+ 0.07 100

a2 The NO-mediated vasorelaxing efficacy of the synthesized compounds
was evaluated as the maximal vasorelaxing response, expressed as a
percentage (%) of the contractile tone induced by 30 mM KCI. The
parameter of potency was expressed asspl€alculated as the negative
logarithm of the molar concentration of the test compounds, evoking 50%
reduction of the contractile tone induced by 30 mM KCI. Theggl€buld
not be calculated for those compounds showing an efficacy parameter lower
than 50%. The parameters of efficacy and potency were expressed as means
+ standard error, for 510 experiments.
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Figure 1. Representative concentratiomasorelaxing effect curves of
selected test compounds. Compounds showing spElue lower than

5 are not shownX axis: logarithm of the molar concentration of the
test compoundsY axis: vasorelaxing effect, expressed as a percentage
(%) of the contractile tone induced by 30 mM KCI. Bars: standard
errors.
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of a very slow release of NO and, consequently, of free losartan Figure 2. Representative time-course profile of the vasorelaxing effect
from the hybrid. This hypothesis seems to be confirmed by the evoked by a 1uM concentration of selected test compounds. Com-

observation of the ATantagonism of this compound. Indeed,
9 did not antagonize the Alreceptor after a “brief” incubation

(20 min), indicating that such a short period does not allow the
hybrid to release losartan. On the contrary, a longer incubation

pounds presenting a final vasorelaxing effect lower than 25% are not
shown.X axis: time expressed in minutééaxis: vasorelaxing effect,
expressed as a percentage (%) of the contractile tone induced by 30
mM KCI. Bars: standard errors.

time (60 min) allowed the compound to reach a losartan-like showed ODQ-sensitive vasorelaxing effects due to the release
AT antagonism. Moreover, the unsatisfactory NO-releasing of NO, with 1Csg ranging around the micromolar order of

properties oB suggested the need for the presence of a “linker”

magnitude.

moiety between the native sartan and the nitrate ester, ensuring The pyridine compouné, with the heterocycle ring replacing
a significant, albeit modulated, release of NO. Therefore, a seriesthe benzene one dfa, showed a significant decrease in the

of NO-releasing side chains, analogued b were synthesized.

vasorelaxing potency and a consistent lack of vasoactive effects

Preliminary experiments demonstrated that all these side chainsn the time-course protocol. Compoufdxhibited a losartan-
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Table 2. K, Values

compounds Kp (20 min) Kp (60 min)
1 4 nM 9nM
2 insurmountable* insurmountable*
3 16 nM N.T.
4a 6 nM 10 nM
4b 19 nM N.T.
4c N.A. 12nM
ad N.A. 8 nM
5 N.A. N.T.
6 8 nM N.T.
7 insurmountable* N.T.
8a N.A. insurmountable*
8b N.A. insurmountable*
9 N.A. 3nM

a Antagonist potency values of the test compounds (expressé&g)as
after a “brief” (20 min) and a “longer” (60 min) period of incubation. N.A.
(no activity) means that the compound has no;Afitagonist properties
after a “brief” period of incubation. N.T. (not tested) means that the
compound which showed ATantagonist properties after 20 min was not
tested in the 60 min incubation protocol. The asterigkirfdicates that the
compound exhibited an insurmountable antagonist feature, typical of
nonreversible receptor antagonists, sucl2.as

I Vehicle
e 1

Captopril
—4a

I Normotensive rats

= * o
34 *o
o
14
N 1 | INJEN] |

H L R

Figure 3. Histograms representing the ratios expressed in g/kg. H

indicates the ratio value between the whole heart weight and the rat
body weight. L indicates the ratio value between the left ventricle weight
and the rat body weight. R indicates the ratio value between the right
ventricle weight and the rat body weight. Vertical bars indicate the

standard error. The asterisK {ndicates significant statistical differences
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Figure 4. Parameters of RPP and CF, recorded during the 30 min
postischemic period and expressed as a percent of the respective values
observed in the preischemic period, on Langendorff perfused hearts
from rats pretreated with vehicle, compouhdor compoundda. The
vertical bars indicate the standard error.
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Figure 5. Histograms representing the aggregating effects induced by

5uM ADP on rat PRP, in the presence of the vehidleor compound
4a. The vertical bars indicate the standard error.
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between a treated group and the corresponding vehicle group. The circlegleavage of the side chain, allowing the release of free losartan,

(O) indicates a significant statistical difference between the normoten-
sive group and the vehicle group.

like ATi-antagonist potency after the “brief” incubation time
(20 min), indicating a rapid hydrolytic cleavage of the side chain
and a rapidly exhaustive release of free losartan.

The introduction of (a) methyl group(s) on the nitrooxymethyl
chain carbon or on the benzene ring4af giving compounds
4cand5, respectively, determined a negative impact on the NO-
releasing properties. Indeed, the vasorelaxing potencies fell
dramatically both indc (pICso not calculable because of the
vasodilator efficacy<50%) and in5. Of course, these two
compounds were devoid of any vasorelaxing effects in the time-

could be slowed by the presence of (a) methyl substituent(s).

The shift of the nitrooxymethyl chain from theetaposition
of 4ato thepara position of4b led to a substantial increase of
vasorelaxing potency. This vasorelaxing activity was ODQ-
sensitive, indicating the involvement of the release of NO.
Consistently4b also exhibited the highest vasorelaxing effect
in the time-course protocol, leading to an almost complete
recovery of the basal tone of the vascular smooth muscle
precontracted by KCI. However, it is noteworthy that a
comparison of the time-course profiles of the vasorelaxing
effects induced byb and by SNP demonstrated th#Hi can be
considered as a slow NO donor. After the “brief” incubation

course protocols. Although the lack of a significant NO-releasing time (20 min), 4b demonstrated a clear ATantagonism,

property makes these two compounds uninteresting for further
development, their AfFantagonist profile was also evaluated.
Neither of the compounds exhibited any significant ;AT
antagonism after the “brief” incubation time (20 min). Com-
pound4c was arbitrarily selected (as representative of both of

although it showed a potency index slightly lower than that of
losartan, probably because of a significant, but not yet complete,
release of the free “native” drug.

As clearly emerged from the comparison between the two
analogues4a and 4c, also the introduction of a methyl

them) for the evaluation of the ATantagonism after a longer  substituent on the nitrooxymethyl chain db, giving the
incubation period (60 min), and in these experimental conditions analoguetd, caused a slowing down of the NO-releasing rate,
it showed an AT-blocking potency similar to that shown by represented by the lowering of the potency index. The time-
losartan. This evidence seems to indicate that the hydrolytic course protocol revealed a weak vasorelaxing effect induced
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by 1 uM 4d. As observed in the couple of analogutsand demonstrated thata also showed significant pharmacological
4c, also for the couplelb and4d the presence of the methyl  effects in the reversion of the left ventricle hypertrophy, typical
group seems to cause a delayed hydrolytic cleavage of the sideof SHRs. Again, these antihypertrophic effects were very similar
chain and a delayed release of free losartan, because the ATto those exhibited by the reference compounds captopril and
antagonism was not recorded after the “brief” incubation (20 losartan.
min), but it appeared after 60 min of incubation, with losartan-  Finally, important, albeit preliminary, experimental data
like levels of potency. demonstrated thaa seems to possess additional pharmacologi-
Finally, the investigation of the impact due to the “inversion” cal features, not shown (or poorly shown) by the respective
of the ester bond linking the side chain to the sartan was “native” drug losartan. In particulada exerted a significant
performed by studying and8a,b. These compounds exhibited  cardio-protective activity against the myocardial injury induced
a significant vasorelaxing potency. In particular, the vasorelaxing by an ischemiareperfusion cycle. Furthermore, compouwtal
potency of compound, a phenolic ester, was lower than that was more effective than losartan in the reduction of the
of 4a. The insertion of a benzylic linker8ab) led to a aggregating effect induced by ADP on rat platelets. These
significant increase of the potency parameters, which resultedadditional properties will be studied more in depth in future
in a value almost similar to that exhibited Mg Consistently ~ pharmacological investigations.
with what observed with the couples of analogues discussed Another essential future experimental approach will aim to
above gavs 4b and4c vs 4d), the shift of the nitrooxymethyl identify, among the various N©sartans synthesized to date,
chain from themetaposition to thepara position 8a vs 8b) the one(s) exhibiting an optimal balance of the two pharmaco-
caused, again, an increase of the vasorelaxing potency. Asdynamic mechanisms, i.e., the one(s) possessing the most
expected, the vasorelaxing effect @fat a concentration of 1~ convenient NO-releasing rate.
uM, was negligible in the time-course protocol, while com-
pounds8ab showed time-course vasorelaxing profiles similar Experimental Section

to that of4b. Chemistry. Melting points were determined on a Kofler hot-
As regards the ATantagonismy showed a high antagonist  stage apparatus and are uncorrected. NMR spectra were obtained

effectiveness after the “brief” incubation time (20 min), indicat- with a Varian Gemini 200 MHz spectrometer. Chemical shiis (

ing a relatively rapid cleavage of the “inverse” phenolic ester are reported in parts per million downfield from tetramethylsilan'e

and a complete release of act®eThe presence of the “inverse” and referenced from solvent references. Mass spectra were c_)bta_med

benzylic ester 08a,b caused a slowing down of the hydrolytic " & Hewlett-Packard 5988 A spectrometer using a direct injection

o S probe and an electron beam energy of 70 eV. The elemental
glr?t?a\é?)?\?s,n’lnnc(jgjgyt(?irr?s()rlépﬁg thgmsda;gng'ga::mAgf compositions of the compounds agreed to withir0.4% of the

¢ A . calculated value. Chromatographic separation was performed on
incubation time. silica gel columns by flash (Kieselgel 40, 0.640.063 mm; Merck)

As the rational strategy leading to the development of a or gravity column (Kieselgel 60, 0.063.200 mm; Merck)
generic pharmacodynamic hybrid aims to confer additional chromatography. Reactions were followed by thin-layer chroma-
positive properties, without decreasing the fundamental profile tography (TLC) on Merck aluminum silica gel (6@sh) sheets that
of effectiveness of the native drug, it is evident that such a hybrid Were visualized under a UV lamp. Evaporation was performed in
must fit in with the “golden paradigm™: it must not show any vacuo (rotating evaporator). Sodium sulfate was always used as

. ; : . . _ the drying agent. The microwave-assisted procedures were carried
(rjeduc_:nmlwfoz\thfe basic pharmacological p:jopﬁ_rnef] of the r:atl_ve Iout with a CEM Discover LabMate microwave. Commercially
fug ltge -Aslaras sartans are concerned, this pharmacologicaly, ajjaple chemicals were purchased from Sigma-Aldrich.

class is considered as fully satisfactory for the treatment of 5-(Nitrooxy)pentanoate of Losartan (3).Preparation 08 and

important cardiovascular diseases, such as hypertension and/ogharacterization data have already been repéfted.

cardiac hypertrophy. Consequently, the first inevitable step in  3_[(Nitrooxy)methyllbenzoate of Losartan (4a).Preparation of

the development of NBsartans is a demonstration that, in such 4aand characterization data have already been repﬁﬂ@_NMR
hybrids, the presence of the NO-donor property does not (CDCl) d: 165.50, 149.48, 140.54, 139.74, 135.15, 133.76, 133.11,
compromise (by possible pharmacodynamic interactions and/131.16, 131.03, 130.61, 130.12, 130.30, 129.89, 129.25, 128.43,
or chemical influences) the effectiveness of the native drugs, 125.88, 123.48, 120.64, 66.13, 55.16, 47.63, 30.06, 26.91, 22.59,
as regards their main therapeutic indications. In other words, 13.87.

the possible addition of new properties (for example, antiplatelet _ 4-[(Nitrooxy)methyl]benzoate of Losartan (4b).A solution of |
and anti-ischemic effects, expected as a result of the release o (350 mg, 0.7 mmol) in dry THF (11 mL) was added dropwise
NO) is subordinate to the maintenance of intact (or improved) to a stirred solution of losartah (600 mg, 1.4 mmol)11b (276

; . - . . ) mg, 1.4 mmol), and DMAP (12 mg) in dry THF (14 mL). The
antihypertensive and antihypertrophic effects, since their reduc-Suspension was stirred at room temperature for 12 h, then the

tion can undermine the rational basis for the development of e cinitate was removed by filtration, and the filtrate was concen-

this novel class of cardiovascular drugs. trated. The solid was washed with acetone, and the solvent was
Consequently, in the light of the impossibility of identifying evaporated. The crude product was purified by column chroma-

the NO-sartan exhibiting the optimal balance between the two tography eluting with AcOEf-hexane (8:2) to givéb (464 mg,

pharmacodynamic properties, compoutalwas selected as a 0.8 mmol, 55% yield) as a white solid: mp 886 °C. MS (W2

representative N©sartan for further preliminary investigation, 538 (M" — ONOG;, 2%); Anal. GoH2eCIN7Os.

since it presented intermediate NO-releasing rate levels, among 3-2-(Nitrooxy)ethylbenzoate of Losartan (4c) Compoundic

. : A . was synthesized frorhlc (275 mg, 1.30 mmol) following the same

tze ggg;%st}I:Ie(}ci?gﬁgsosrg?tgrez'uzsgu'tr;:gzl\j\;ogg n':]smz rtf;%unsgf procedure described above for the preparatiofbof his compound
P ’ L . - was purified by precipitation witim-hexane from AcOEt, and the
4a demonstrated significant antihypertensive effects on SHRs. 4|iq was collected to givéc (396 mg, 0.6 mmol, 46% yield) as

These effects were almost the same as those exerted by the ACER yellow solid: mp 88-90°C. MS (W2) 552 (M*+ — ONO,, 8%);
inhibitor captopril and equivalent to (or perhaps slightly better Anal. Cy;H3,CIN;Os.

than) those shown by the equimolar doses of the referenge AT 4-[2-(Nitrooxy)ethyl]benzoate of Losartan (4d).Compound4d
antagonist losartan. Furthermore, in this work it has been was synthesized frorhld (200 mg, 0.94 mmol) following the same
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procedure described above for the preparatiodlmfThe crude
product was purified by column chromatography eluting with
AcOEt/h-hexane (7:3) to givédd (148 mg, 0.24 mmol, 25% yield)
as a white solid: mp 7072°C. MS (1n/z) 552 (M" — ONO,, 6%);
Anal. (?/31H300|N705.

2,6-Dimethyl-3-[(nitrooxy)methyl]benzoate of Losartan (5).
Compound5 was synthesized froni2 (200 mg, 0.47 mmol)

Breschi et al.

phase was dried, and the solvent was evaporated toldiw€206
mg, 1.0 mmol, yield 81%) as a yellow solid: mp-992 °C. MS
(m/2): 211 (M, 2%); 149 (M" — ONO,, 100%); Anal. GHgNO:s.
4-[(2-Nitrooxy)ethyl]benzoic Acid (11d). Compoundlld was
synthesized from22 (268 mg, 1.6 mmol) following the same
procedure described above for the preparatiodlaf The crude
product was purified by precipitation with-hexane from AcOEt

following the same procedure described above for the preparationto give 11d (100 mg, 0.5 mmol, yield 30%) as a white solid. MS

of 4b. This compound was purified by column chromatography

eluting with AcOEth-hexane (3:7) to givé (101 mg, 0.16 mmol,

34% vyield) as a white solid: mp 163.07°C. MS (/z) 566 (M*

— ONO,, 20%), Anal. Q2H32C|N705.
6-[(Nitrooxy)methyl]pyridine-2-carboxylate of Losartan (6).

Compound6 was synthesized froni3 (270 mg, 1.36 mmol)

(m/2): 149 (M" — ONO,, 100%); Anal. GHgNOs.
2,6-Dimethyl-3-[(nitrooxy)methyl]benzoic Acid (12). Com-

pound12 was synthesized frora4 (730 mg, 3.7 mmol) following

the same procedure described above for the preparatidi lof

The crude product was triturated with CH@20 mL) and filtered

to remove the unreacted silver nitrate and AgCI. The solvent was

following the same procedure described above for the preparationevaporated to givé2 (740 mg, 3.3 mmol, yield 90%) as a white

of 4b. This compound was purified by column chromatography
eluting with CHCK/MeOH (9:1) to give6 (343 mg, 0.57 mmol,
42% yield) as a solid: mp 162104 °C. MS (Wz2) 166 (M™ —
OzNOCHzPy, 100%), Anal. QgH27C|N305.
3-[(Nitrooxy)methyl]phenyl Ester of EXP 3174 (7).A solution
of DCC (161 mg, 0.8 mmol) in dry THF (5 mL) was added
dropwise to a stirred solution & (283 mg, 0.6 mmol)14 (110
mg, 0.6 mmol), and DMAP (6 mg) in dry THF (6.6 mL). The

solid: mp 123-125°C. MS (Wz): 225 (M", 6%); 163 (M- —
ONO,, 85%), Anal. GoH11NOs.
6-[(Nitrooxy)methyl]pyridine-2-carboxylic Acid (13). A solu-
tion of 27 (300 mg, 2.0 mmol) in Ag0 (2 mL) was added to a
solution of HNQ (0.55 mL) and AgO (1.15 mL) cooled at-10
°C. The mixture was stirred at10 °C for 2 h. Then the solvent
was evaporated to give3 (277 mg, 1.4 mmol, yield 69%) as a
white solid: mp 58-63 °C. MS (W2): 107 (M* — NO,, — CO,,

suspension was stirred at room temperature for 12 h, then the100%); 123 (M~ — CH,ONO,, 69%); Anal. GHeN,Os.

precipitate was removed by filtration, and the filtrate was concen-

3-Hydroxybenzyl Nitrate (14). A solution of 3-hydroxy-benzyl

trated. The solid was triturated with acetone, and the solvent was chloride29 (608 mg, 4.3 mmol) in a small amount of GEN was
evaporated. The crude product was purified by column chroma- added to a stirred solution of AgN®2.90 g, 17.1 mmol) in Ckt

tography eluting with hexane/AcOEt (1:1) to givg46 mg, 0.08
mmol, 12% yield) as a yellow solid. M&/z: 588 (M", 2%); Anal.
C29H26C|N705.

3-[(Nitrooxy)methyl]benzoate of EXP 3174 (8a)Compound
8awas synthesized frorh5a (105 mg, 0.57 mmol) following the
same procedure described above for the preparation dhis
compound was purified by column chromatography eluting with
AcOEt and then by precipitation withthexane from AcOEt. The
solid was collected to givBa (79 mg, 0.131 mmol, 24% yield) as
a white solid: mp 5658 °C. MS m/z. 602 (M*, 0.2%); Anal.
C30H28C|N705.

4-[(Nitrooxy)methyllbenzoate of EXP 3174 (8b).Compound
8b was synthesized frori5b (66 mg, 0.36 mmol) following the
same procedure described above for the preparatide.oT his
compound was purified by column chromatography eluting with
AcOEt and then by precipitation withthexane from AcOEt. The
solid was collected to givBb (58 mg, 0.097 mmol, 27% vyield) as
a white solid: mp 7274 °C. MS m/z 602 (M", 0.6%); Anal.
C3oH25CINOs.

Nitrooxy Ester of Losartan (9). Compound was synthesized
from losartanl (200 mg, 0.5 mmol) following the same procedure
described above for the preparationldic The crude product was
purified by precipitation witm-hexane from AcOEt to give (140
mg, 0.3 mmol, yield 55%) as a yellow solid: mp-995 °C. MS
(I'TI/Z): 467 (W, 3%), Anal. QZHZZC'NGOZ.

5-(Nitrooxy)pentanoic Acid (10). Preparation ofLl0 and char-
acterization data have already been repoled.

3-[(Nitrooxy)methyl]benzoic Acid (11a).Preparation ol 1aand
characterization data have already been repdfted.

4-[(Nitrooxy)methyl]benzoic Acid (11b). A solution of 4-(chlo-
romethyl)benzoic acidl@) (1.00 g, 5.3 mmol) in a small amount
of CH3;CN (5 mL) was added to a stirred solution of Aghl(3.59
g, 21.2 mmol) in CHCN (19 mL). Stirring was continued over 2

CN (14 mL). Stirring was continued ové h atroom temperature
in the dark, and then the precipitate (silver salt) was filtered off,
and the solvent was evaporated. The crude product was purified
by column chromatography eluting with hexane/AcOEt (3:1) to give
14(232 g, 1.4 mmol, 32% yield) as a yellow oil. M&z170 (M*,
11%); 107 (100%;- ONOy); Anal. G;H7/NO..

3-(Hydroxymethyl)benzyl Nitrate (15a). Compoundl5awas
synthesized fron82a (638 mg, 4.08 mmol) following the same
procedure described above for the preparatioddf. The crude
product was triturated with CHE(20 mL) and filtered to remove
the unreacted silver nitrate and AgCl. The solvent was evaporated
to give 15a (681 mg, 3.72 mmol, yield 91%) as a yellow oil. MS
(m/2): 183 (M, 15%); 121 (M — ONO,, 100%); Anal. GHs-
NO.,.

4-(Hydroxymethyl)benzyl Nitrate (15b). Compoundl5b was
synthesized fron82b (454 mg, 2.90 mmol) following the same
procedure described above for the preparatioddd. The crude
product was triturated with CHg(10 mL) and filtered to remove
the unreacted silver nitrate and AgCl. The solvent was evaporated
to give 15b (390 mg, 2.13 mmol, yield 74%) as a yellow oil. MS
(m/2): 183 (M*, 10%); 121 (M — ONO,, 100%); Anal. GHe-
NO,.

3-(1-Hydroxyethyl)benzoic Acid (21).A solution of 3-acetyl-
benzoic acid 19) (400 mg, 2.4 mmol) in THF (2 mL) was added
to a solution 61 M LiAIH 4 in THF (2.44 mL, 2.4 mmol) cooled
at 0°C. The mixture was stirred at @ for 1 h, then the solvent
was evaporated, and water was added. The aqueous phase was
acidified with 1 M HCI and extracted with AcOEt. The organic
phase was dried, and the solvent was evaporated to2ji(841
mg, 2.1 mmol, 84% yield) as a yellow solid: mp-992°C. Anal.
CoH100s.

4-(1-Hydroxyethyl)benzoic Acid (22). Compound 22 was
synthesized from20 (500 mg, 3.0 mmol) following the same

h at room temperature in the dark, and then the precipitate (silver procedure described above for the preparatior2bfThe crude
chloride) was filtered off, and the solvent was evaporated. The crude product was purified by crystallization from CHgi-hexane to

product was triturated with CHEI(20 mL) and filtered off to

yield 22 (251 mg, 1.5 mmol, yield 50%) as a solid. M&/g): 167

remove the unreacted silver nitrate and AgCl. The solvent was (M*, 2%), 123 (M" — CO,, 31%); Anal. GH;00s.

evaporated to givé1lb (563 mg, 2.9 mmol, yield 54%). MS1{2):
197 (M*, 3%); 135 (M™ — ONO,, 46%); Anal. GH/NOs.
3-[(2-Nitrooxy)ethyl]benzoic Acid (11c).A solution of21 (200
mg, 1.2 mmol) in AgO (2 mL) was added to a solution of HNO
(0.34 mL) and AgO (0.70 mL) cooled at-10 °C. The mixture
was stirred at=10 °C for 2 h. Then water was added, and the

2,6-Dimethyl-3-(chloromethyl)benzoic Acid (24)Paraformal-
dehyde (7.9 g) and H&Jc (15.9 mL) were added to a solution of
2,6-dimethylbenzoic acid®2@) (1.60 g, 10.0 mmol) in AcOH glac.
(15.9 mL). The resulting suspension was heated &t@€or 5 h.
Then water was added, and the solid precipitate was collected to
give 24 (1.47 g, 7.4 mmol, yield 74%): mp 557 °C. Anal.

resulting agueous phase was extracted with AcOEt. The organic C;0H1,CIO,.
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Methyl-6-(hydroxymethyl)pyridine-2-carboxylate (26). A so- (95%) and CQ (5%). Changes in tension were recorded by means
lution of NaBH, (0.30 g, 7.9 mmol) in KO (8.8 mL) was added of an isometric transducer (Grass FTO3), connected with a unirecord
dropwise to a solution of dimethyl 2,6-pyridinedicarboxyl2® microdynamometer (Buxco Electronics).

(2.0 g, 5.26 mmol) in MeOH (24.8 mL) cooled atl0 °C. The After an equilibration period of 60 min, endothelium removal

mixture was stirred at room temperature for 4 h, then the solvent was confirmed by the administration of acetylcholine (ACh) (10
was evaporated, and the aqueous phase was extracted with ACOE{;M) to KCI (30 mM)-precontracted rings. A relaxation10% of
The organic phase was dried, and the solvent was evaporated tadhe KCl-induced contraction was considered to be indicative of an
give 26 (514 mg, 3.1 mmol, yield 39%) as a white solid: mp68  acceptable lack of the endothelial layer, while the organs showing
70°C. MS (n/z): 152 (M*, 100%); Anal. GHgNOs. a relaxation>10% (i.e., significant presence of the endothelium)
6-(Hydroxymethyl)pyridine-2-carboxylic Acid (27). A solution were discarded.
of compound26 (220 mg, 1.31 mmol) in MeOH (4.9 mL) and B. NO-Mediated Vasorelaxing Effect.From 30 to 40 min after
NaOH 50% (0.2 mL), was heated for 10 min by microwave the confirmation of endothelium removal, the aortic preparations
irradiation at 100°C and with a power of 150 W. After irradiation,  were contracted by a single concentration of KCI (30 mM), and
the solution was acidified wit 1 N HCI, and the aqueous layer when the contraction reached a stable plateau, 3-fold increasing
was extracted with CHGI The organic phase was dried over sodium  concentrations of the test substances (from 1 nM todpwere
sulfate, and the solvent was evaporated to dgivg184 mg, 1.2 added.
mmol, yield 90%) as a white solid. MSn(7): 152 (M*, 100%); Preliminary experiments showed that the KCI (30 mM)-induced
107 (M" — COOH, 58%); Anal. GH/NOs. contractions remained in a stable tonic state for at least 40 min.
3-Hydroxybenzyl Chloride (29). Thionyl chloride (1.2 mL, 16.3 The same experiments were carried out in the presence of a well-
mmol) was added dropwise to a cold solutiorf (@) of 3-hydroxy- known guanylate cyclase inhibitor, ODQ (M), which was

benzyl alcohol28 (675 mg, 5.4 mmol) in CHGI(14 mL). The incubated in aortic preparations after confirmation of endothelium
resulting mixture was stirred fol h atroom temperature. The o moval.

CHCl; layer was washed with water and dried over sodium sulfate . . . )
' C. AT;-Antagonist Activity. From 30 to 40 min after confirma-
m 0,
and the solvent was removed to aff@8(608 mg, 4.3 mmol, 78% tion of endothelium removal, the test compounds were incubated

yield) as a yellow oil. Anal. GH7CIO. at a concentration of 0.LM. As the concentration 0.kM of
_|rtn|dazc;kla-S-c?rboxaLdoeohyde Igegrlvatlvei of Iaosa{_tant (3%’6‘ o compoundsta and4b already induced a significant vasorelaxing
mixture of losartan 1) ( mg, 0.9 mmol) and activate R effect,4aand4b were incubated together withyiM ODQ), to avoid

(786 mg, 8.9 mmol) in KO (6 mL) was heated for 10 min by : ) : .
microwave irradiation (power 150 W, T = 160 °C, ramp= 2 2\% llr;féug;csl Iof the NO-mediated effects on the contractile response

min, pressure= 200 psi). After irradiation, the excess of MpO

was filtered off and the solvent was evaporated to afff0q174 Then, after an incubation period of 20 or 60 min, aortic

mg, 0.4 mmol, 42% yield) as a white solid: mp 15856°C. MS preparations were treated with All, using 3-fold increasing con-

(M2): 419 (M, 2%); Anal. GoH1CINGO. centrations from 0.1 nM to ﬂc_M. .

EXP 3174 (2).A solution of NaCIQ (546 mg, 6.0 mmol) and In parallel sets of experiments, the control concentration
NaHPQ, (552 mg, 4.6 mmol) in KD (5.1 mL) was added dropwise contractile response curves for All were obtained after the prein-
to a solution of compoun80 (280 g, 0.7 mmol) irnt-BuOH (5.1 cubation of only the vehicle (or vehicle and:M ODQ for 4aand
mL). The mixture was stirred fo5 h atroom temperature. The 4b). i ) i
organic phase was separated and washed withahd NaCl. The D. Time-Course of NO-Mediated Vasorelaxing EffectFrom
AcOEt layer was dried, and the solvent was evaporated. The crude30 t0 40 min after confirmation of endothelium removal, aortic
product was purified by crystallization from AcOEt/hexane to yield preparations were contracted with a single concentration of 30_mM
2 (131 mg, 0.30 mmol, 45% yield) as a white solid: mp 268 KCI, and _after a stable plateau had been reached, a single
°C. MSm/z 435 (M"); Anal. C;oH1CINGO. concentration (M) of the compounds was add_ed. The vasore-

3-(Chloromethyl)benzyl Alcohol (32a).HCleonc(1.85 mL) was laxing effect of the added compounds was monitored for 50 min.
added at room temperature to a stirred suspension of 1,3- E. Data Analysis.The vasorelaxing efficacy was evaluated as
benzenedimethand(a) (500 mg, 3.62 mmol) in toluene (18 mL).  the maximal vasorelaxing response, expressed as a percentage (%)
The resulting solution was stirred for 12 h at room temperature. Of the contractile tone induced by 30 mM KCI. When the limit
Then, the solution was washed with aqueous Nakl@@ water, concentration of 10&M (the highest concentration that could be
the organic phase was separated, and the aqueous layer extracteministered) of the tested compounds did not reach the maximal
with CH,Cl,. The organic phase was dried, and the solvent was effect, the parameter of efficacy represented the vasorelaxing
evaporated to affor@2a as a colorless oil (470 mg, 3.00 mmol, response, expressed as a percentage (%) of the contractile tone

83% yield). induced by 30 mM KClI, evoked by this limit concentration. The
4-(Chloromethyl)benzyl Alcohol (32b). Compound32b was parameter of potency was expressed asspl€alculated as the
synthesized fron81b (500 mg, 3.62 mmol) following the same  Nhegative logarithm of the molar concentration of the test com-
procedure described above for the preparatioB2af to give 32b pounds, evoking a 50% reduction of the contractile tone induced

(450 mg, 2.90 mmol, 80% yield) as a white solid. by 30 mM KCI. The plGo could not be calculated for those

Pharmacology. All the experimental procedures were carried compounds showing an efficacy parameter lower than 50%. The

out following the guidelines of the European Community Council Parameters of efficacy and potency were expressed as means
Directive 86-609. standard error, for 510 experiments. Studentest was selected

A. In Vitro Vascular Protocols. The effects of the compounds ~ for statistical analysis, arfd < 0.05 was considered to be indicative
were tested on isolated thoracic aortic rings of male normotensive Of @ significant statistical difference. Experimental data were

Wistar rats (256-350 g). analyzed by a computer fitting procedure (software: GraphPad
After light ether anesthesia, the rats were sacrificed by cervical Prism 3.0). _ _
dislocation and bleeding. As regards the AT antagonism, the All-contracting effects,

The aortas were immediately excised and freed from extraneousexpressed as efficacy and potency, were evaluated as a percentage
tissues, and the endothelial layer was removed by gently rubbing (%) of the previous KCI (30 mM)-induced contraction.
the intimal surface of the vessels with a hypodermic needle. Five The parameter of efficacy, corresponding to the maximal
millimeter wide aortic rings were suspended, under a preload of 2 contractile effect, was calculated Egsax (meanz standard error,
g, in 20 mL organ baths, containing Tyrode solution (composition from 6 to 12 experiments).
of saline in mM: NacCl, 136.8; KCI, 2.95; Ca£11.80; MgSQ- The parameter of potency of All was calculated assgC
7H,0, 1.05; NaHPQ,, 0.41; NaHCQ, 11.9; glucose, 5.5), ther-  corresponding to the molar concentration of All necessary to evoke
mostated at 37C, and continuously gassed with a mixture of O Y,Emax.
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The antagonist potency was calculated by Gaddum’s equation:

Ky = B/(DR — 1), in whichK}, represents the antagonist/receptor
dissociation constant ari8lis the antagonist concentration, while
DR = EGxy (in the presence of B)/Eg (in control conditions).

F. In Vitro Cardiac Protocols. Adult male Wistar rats (260

350 g) were randomly assigned to one of three groups. In the first

group f = 5), animals were treated with an intraperitoneal (ip)
injection (about 0.3 mL) of compount(15.0 mg/kg), the second
group f = 5) was treated with the equimolar dose of compound
4a(21.3 mg/kg ip), and the third group € 5) received the vehicle
(DMSO).

After 2 h, all the animals were anesthetized with sodium
pentobarbital (100 mg/kg ip) and heparinised (100 Ul ip) to prevent
blood clotting. After the opening of the chest, the hearts were
quickly excised and placed in a°€ Krebs solution (composition
mM: NaHCG;, 25.0; NaCl, 118.1; KClI, 4.8; MgSQ1.2; CaC}:
2H,0, 1.6; KH,PQy, 1.2; glucose, 11.5) equilibrated with 95% O
5% CQ, to stop the contraction and to reduce oxygen consump-

tion. Rapidly, the ascending aorta was cannulated and hearts
mounted on a Langendorff apparatus, then the perfusion with Krebs

solution (thermostated at 3T and continuously bubbled with a
gas mixture of 95% @and 5% CQ) was started at constant
pressure (7680 mm of Hg). The above procedure was executed
within 2 min.

A water-filled latex balloon connected to a pressure transduce
(Bentley Trantec, mod 800) was introduced into the left ventricle

via the mitral valve, and the volume was adjusted to achieve a stable

left ventricular end-diastolic pressure of-50 mm of Hg during
initial equilibration. The heart rate (HR) and left ventricular
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added 2 min before the administration ofy®1 ADP. Control
responses were obtained in the presence of drug vehicle only
(DMSO). The final concentration of DMSO was 0.5%.

H. In Vivo Protocols. The effects of the compounds were also
tested on male 10-week-old SHRs, (250 g).

In this protocol, the test substances were administered orally, in
drinking water, or subcutaneously, to two sets of four groups, each
composed of three rats. The order of magnitude of the oral doses
of captopril and losartan was selected on the basis of similar
experimental protocols, described in the literafifrela was
administered at a dose equimolar to that of losartan. For subcutane-
ous administration, the doses were reduced by one-half.

I. Oral Administration. We estimated that the daily water intake
for a single rat was about 50 mL. (1) The first group (control group)
received the vehicle (DMSO 1%, in drinking water). (2) The
captopril group received 50 mg/kg/die captopril dissolved in the
vehicle. (3) The losartan group received 10 mg/kg/die losartan
dissolved in the vehicle. (4) Theagroup received 14.2 mg/kg/die
4a (equimolar to 10 mg/kg/die losartan).

J. Subcutaneous Administration. () The first group (control
group) received the vehicle (DMSO 1%, in a dorsal subcutaneous
injection, about 0.250.30 mL). (2) The captopril group received
25 mg/kg/die captopril dissolved in the vehicle. (3) The losartan

¢ group received 5 mg/kg/die losartan dissolved in the vehicle. (4)

The 4a group received 7.1 mg/kg/diéa (equimolar to 5 mg/kg/
die losartan).

K. Common Procedures. The experimental protocol was
divided: after an initial period of 2 weeks, during which the rats

developed pressure (LVDP) were monitored by a Biopac system Were daily conditioned to enter and to remain in a containment
(California, U.S.A.), and the parameter of RPP was calculated as Pox, the animals’ tails were exposed to 40 min of irradiation with

RPP= HR x LVDP.

an IR lamp to determine a vasodilation of tail vessels. Systolic blood

The CF was measured volumetrically and was expressed asPressure values were recorded with the “tailiff” method by a

milliliters of the perfusate collected in 1 min.

After a 30 min equilibration preischemic period, the hearts were
subjected to 30 min of global ischemia (no flow), then they were
reperfused for 30 min (reperfusion period).

BP recorder (Ugo Basile 58500).

All the four groups were subjected to 4 weeks of treatment and
to three measurements a week (on alternate days).

Finally, we also examined a group of three male normotensive

The functional parameters of RPP and CF were measured beforewistar rats (250 g) which received only drinking water; in these

the global ischemia and at 5 min intervals during the reperfusion

time. The values of postischemic RPP and of postischemic CF,

animals, after 1 week of conditioning, systolic blood pressure was
recorded three times in only 1 week.

recorded in the reperfusion time, were reported as a percentage of At the end of all the in vivo procedures, we evaluated cardiac
the respective preischemic values. Hearts showing severe arrhythmiayng ventricular hypertrophy in SHRs: we recorded the body weight

were excluded from the experiments.

G. In Vitro Antiplatelet Activity. Male Wistar rats (256300
g) were anesthetized with sodium pentobarbital (100 mg/kg, ip),
the chest was opened, and the blooe-1® mL) was obtained
through intracardiac puncture.

Blood was collected into 5 mL plastic syringes containing 3.8%
sodium citrate (1:9 v/v) and then centrifuged.

Platelet-rich plasma (PRP) was obtained by centrifugationgt 80
for 40 min at room temperature. Then the top layer, PRP, was
removed, while the residual blood sample was centrifuged atdl550
for 25 min in order to obtain platelet-poor plasma (PPP). The PRP
platelet number was adjusted at about 8CP plateletsiL, through
dilution with normal saline (NaCl 0.9%).

Platelets aggregation was determined, in diluted PRP, by an

optical method, using a turbidimetric aggregometer (Elvi 840,
Milan). In the aggregometer, contents of cuvettes (G0Y were
maintained at 37C and stirred constantly at 1000 rpm. Changes

of each animal and then, after light ether anesthesia, rats were
sacrificed by cervical dislocation and bleeding.

The whole hearts were immediately excised, freed from extrane-
ous tissues, and then subdivided into left and right ventricles and
atria. After rapid but careful washing and drying, we recorded the
weights of left ventricle, right ventricle, and atria, and we calculated
the following ratios, as described in the literatétdieart weight/
body weight (g/kg); left ventricle weight/body weight (g/kg); right
ventricle weight/body weight (g/kg).

The same ratios were also calculated in the sampte @) of
normotensive animals, not submitted to any pharmacological
treatment.

L. Materials. The substances used in the pharmacological
experimental protocols were KCI (Carlo Erba) dissolved (2 M) in
Tyrode solution; acetylcholine chloride (Sigma) dissolved (0.1 M)
in EtOH 95% and further diluted in twice-distilled water. Angio-

in light transmission through the diluted PRP and PPP were used!€nsin Il (Sigma) was dissolved (1 mM) in twice-distilled water

for calibration and represent minimum (0%, no aggregation) and

maximum (100%, full aggregation) light transmission, respectively.
In preliminary experiments concentratioresponse curves to the

aggregating agent (ADP) were obtained, and theNs ADP

and then diluted; ODQ (Sigma) was dissolved (1 mM) in EtOH
95% and further diluted in Tyrode solution; losartan was dissolved
(20 mM) in DMSO, whereas the following dilutions were dissolved
in Tyrode solution.

concentration was selected. Aggregation % was recorded as The reference NO-releasing drug SNP (Sigma) was dissolved
increased light transmission after the addition of the aggregating (10 mM) in DMSO and then diluted in Tyrode solution. Sodium

stimulus and has been expressed as meatandard error, from

pentobarbital (Sessa) was dissolved in twice-distilled water. Heparin

groups of 16-12 samples (the samples of each group were collected Vister was purchased by Pfizer as an injectable preparation. ADP

from at least three different animals). The inhibitory effects of
compoundsl (100 M) and 4a (100 uM) on the ADP (5uM)-

(Sigma) was dissolved in twice-distilled water.
All the synthesized compounds were dissolved (10 mM) in

induced aggregation were evaluated. The tested compounds werdMSO and further diluted in Tyrode solution.
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All the solutions were freshly prepared immediately before the
pharmacological experimental procedures. Previous experiments
showed a complete ineffectiveness of the administration of the
vehicles.
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