
It has been reported that the Na+/H+ exchanger may
be a key mediator of cardiac injury process during
myocardial ischemia and reperfusion (10). The exchang-
er has been shown to be relatively inactive at normal pHi
but is excessively stimulated by intracellular acidification
during myocardial ischemia and the early period of reper-
fusion (11). Under ischemic conditions, activation of this
exchanger causes accumulation of cytosolic Na+ concen-
tration, which, in turn, leads to an increase in intracellular
Ca2+ concentration via the Na+/Ca2+ exchanger (12). The
cytosolic Ca2+ overload is associated with myocardial cell
injury and several cardiac dysfunctions (13). It has been
suggested that inhibition of Na+/H+ exchange could be a
new approach in the therapy of cardiac injury during
ischemia and reperfusion.

Several studies have shown that Na+/H+ exchange
inhibitors have significant efficacy against the develop-
ment of myocardial necrosis during ischemia and reper-
fusion. Rohmann et al., in a porcine model of ischemia
and reperfusion-induced injury, reported that pretreat-
ment with the selective Na+/H+ exchange inhibitor Hoe-
694 before ischemia significantly reduced myocardial
infarct size. Furthermore, administration of the drug short-
ly before the onset of reperfusion decreased infarct size
(14). Klein et al. also reported that preischemic treatment
with Hoe-694 produced protective effects against cardiac
injury in pigs subjected to ischemia and reperfusion.
However, the compound had no significant effect on
reduction of infarct size when administered shortly before
reperfusion (15). Garcia-Dorado et al. examined the
effects of another selective Na+/H+ exchange inhibitor,
cariporide, on cardiac injury in pigs and reported that pre-
treatment with the drug before coronary occlusion
reduced ischemia and infarct size and attenuated arrhyth-
mias (16). Several studies in rabbits have reported the
efficacy of cariporide in reducing myocardial infarct size
during ischemia and reperfusion. Linz et al. showed that
infarct size was decreased by both preischemic and
postischemic (prereperfusion) treatment with cariporide
(17). In contrast, Bugge et al. reported that EIPA, an ana-
log of amiloride, only had protective effects against
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Synthesis

The general synthetic route to 2-phenyl-4-quinolyl-
guanidine derivatives (VII) is outlined in Scheme 1 (1).
Key intermediates, 2-phenylquinoline-4-carboxylic acid
derivatives (VI), can be prepared by using classic quino-
line synthetic methods (2, 3).

As described in Scheme 2, the synthesis of MS-31-
038 (XI) can be accomplished as follows: reaction of 2-(2-
methoxyethyloxy)aniline (VIII) in refluxing ethanol with
benzaldehyde and pyruvic acid gives 2-phenyl-8-(2-
methoxyethoxy)-4-quinolinecarboxylic acid (IX). Con-
densation of (IX) with guanidine using 1,1�-carbonyldi-
imidazole (CDI) in dimethylformamide affords the corre-
sponding 4-quinolylguanidine (X), which is finally convert-
ed to its bismethanesulfonate (XI) by treatment with
methanesulfonic acid in ethanol.

Introduction

The Na+/H+ exchanger is an ubiquitous membrane ion
transporter which primarily regulates intracellular Na+

concentration, as well as intracellular pH (pHi). It is driven
by Na+ gradient and extrudes H+ from the cytosol in
exchange extracellular Na+ with a stoichiometry of 1:1 (4).
The exchanger is stimulated by a decrease in pHi (5) and
is activated by a variety of endogenous mediators (e.g.,
catecholamines, thrombin, angiotensin II, endothelin)
(6-9).
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Scheme 1: The general synthetic route to 2-phenyl-4-quinolylguanidine derivatives
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decreased by using a NH4Cl prepulse technique, as
described previously by Foster et al. (22).

During the synthesis and the screening of the acyl-
guanidine derivatives, we discovered the interesting
nature of the 4-quinolylguanidine derivatives (XII-XV). As
shown in Table I, the inhibitory activity of the compounds
on Na+/H+ exchange could be modulated by manipulating
the substituent R in the quinoline nucleus. Among com-
pounds (XII-XV), the 2-phenyl analog (XV) was the most
potent and was selected for further chemical modifica-
tions.

Extensive chemical modifications were performed in
order to improve the potency and the aqueous solubility
of (XV). By introducing a hydrophilic substituent to the
quinoline nucleus, we found that the 8-position was suit-
able for substitution and 8-methoxy derivative (XVI)
resulted in an increase in potency at 0.1 µM (Table II).

Although replacement of a methoxy group in (XVI)
with a chloro atom or a methyl group decreased potency,
the 8-methoxyethyloxy analog (XI), or MS-31-038, was
moderately active and increased water solubility.

Pharmacological Actions

The inhibitory effects of MS-31-038, cariporide and
MS-31-050 [2-(2-methylphenyl)-5,7-dimethoxy-4-quin-
olylcarbonylguanidine dihydrochloride] were compared in
segments of rat mesenteric artery. As shown in Table III,
MS-31-038 and cariporide were equally potent in inhibit-
ing Na+/H+ exchange, whereas MS-31-050 exhibited the
most potent effects (23).

The cardioprotective effects of MS-31-038, cariporide
and MS-31-050 on myocardial infarct size were examined
in rats subjected to ischemia and reperfusion. In this
model, the main coronary artery was occluded in anes-
thetized rats for 20 min and then reperfused for 2 h. The
infarct size was determined by staining with triphenylte-
trazolium chloride and was expressed as a percentage of
the area at risk. The infarct size was dramatically
decreased by postischemic treatment with MS-31-038.
Even when given 1 min before the onset of reperfusion,
MS-31-038 at doses of 3 and 10 mg/kg i.v. reduced infarct

cardiac injury when administered prior to ischemia (18).
In rats, preischemic administration of cariporide and
FR-16888, a novel selective Na+/H+ exchange inhibitor,
was shown to reduce myocardial infarct size (19, 20). In
an isolated rat heart model of regional ischemia and
reperfusion, preischemic treatment with EIPA was shown
to significantly reduce infarct size; however, when EIPA
was administered only during reperfusion, no cardiac pro-
tection was observed (21).

Discovery of MS-31-038

In order to obtain a novel Na+/H+ exchange inhibitor,
our research program focused on heterocycles bearing
an acylguanidyl moiety. The abilities of the synthesized
compounds to inhibit Na+/H+ exchange were studied by
measuring the recovery of pHi after intracellular acidifica-
tion in rat mesenteric artery segments. The pHi was

Table I: Effects of substituent R in the 2-position of 4-quinolyl-
guanidine on Na+/H+ exchange activity of rat mesenteric artery.

Compound R Inhibition (%) at 10 µM

XII H 14.8
XIII Me 00.0
XIV n-Hexyl 9.9
XV Ph 69.8

N R

NO NH2

NH2

Table II: Effects of substituent P in the 8-position of 2-phenyl-4-
quinolylguanidine on Na+/H+ exchange activity of the rat mesen-
teric artery.

NHE inhibition (%)
Compound P 0.1 1 µM

XV H 5.2 69.8
XVI OMe 47.4 63.6
XVII Cl 12.0 57.0
XVIII Me 8.1 50.0
XI (MS-31-038) OCH2CH2OMe 25.1 60.6

N

NO NH2

NH2

P

Table III: Inhibitory effects of MS-31-038, cariporide and MS-31-
050 on Na+/H+ exchange activity of rat mesenteric artery (23).

Conc. (µM) n Inhibition (%)

MS-31-038 0.1 3 25.1 ± 4.4
1 3 60.6 ± 1.5

10 3 72.1 ± 5.7

Cariporide 0.1 3 23.9 ± 3.0
1 3 45.4 ± 1.8

10 3 70.6 ± 5.8

MS-31-050 0.03 3 38.4 ± 2.5
0.1 3 67.4 ± 0.8

Results are expressed as mean ± SE.



Pharmacokinetics

The single-dose pharmacokinetics of MS-31-038
(5 mg/kg i.v.) were examined in fasting dogs. Plasma con-
centrations were determined using an HPLC assay and
pharmacokinetic parameters were assessed using a one-
or two-compartment analysis. In a preliminary study, plas-
ma concentrations of MS-31-038 declined biphasically.
Half-life of MS-31-038 obtained for β phase was 1.85 h.
Oral bioavailability was about 70% based on AUC value
obtained from intravenous study (unpublished data).

Conclusions

The inhibitory effect of MS-31-038 on Na+/H+

exchange in rat mesenteric artery was as potent as that
of cariporide, a selective Na+/H+ exchange inhibitor.
Compared to MS-31-038 and cariporide, MS-31-050
exhibited the most potent effect.

Like the selective Na+/H+ exchange inhibitors cari-
poride and FR-168888, MS-31-050 significantly reduced
myocardial infarct size in rats subjected to ischemia-
reperfusion when administered before ischemia.
However, it showed no cardioprotective effects when
administered postischemia. In contrast, postischemic
administration of MS-31-038 had protective effects on
myocardial infarct size. In addition, it did not change
hemodynamic parameters. These results indicate that
MS-31-038 may be an effective treatment for patients
with ischemic heart disease.

Manufacturer

Mitsui Chemicals, Inc. (JP).
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