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� Because mutation of AMP deaminase 1 gene leading to reduced AMP deaminase activity may
result in protection of cardiac function in patients with heart disease, inhibitors of AMP deam-
inase (AMPD) may have therapeutic applications. This study evaluated the effect of a specific
inhibitor of AMP deaminase 3-[2-(3-carboxy-4-bromo-5,6,7,8-tetrahydronaphthyl)ethyl]-3,6,7,8-
tetrahydroimidazo [4,5-d][1,3]diazepin-8-ol (AMPDI) on the isolated human enzyme and on nu-
cleotide catabolism in rat cardiomyocytes. AMPDI effectively inhibited isolated human AMPD with
an IC50 = 0.5 µM. AMPDI was much less effective with isolated cardiomyocytes (IC50 = 0.5
mM). AMPDI is a very effective inhibitor of AMPD that despite lower efficiency in the cell system
examined could be useful for in vivo studies.
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INTRODUCTION

A number of clinical studies published in the last decade have high-
lighted an association of the C34T mutant AMPD1 allele with decreased
cardiac AMP deaminase (AMPD) activity and improved mechanical
function.[1,2] Although other authors found different results[3] there is a
potential pathway leading to protection of heart function that may include
activation of AMP regulated protein kinase and increased production
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of adenosine. One way to prove this concept and potentially establish
new treatment of heart failure is pharmacological inhibition of AMPD.
Unfortunately, adequate inhibitors are not readily available. Chemical
synthesis of such inhibitors was described by Kasibhatla et al.[4] However,
only very preliminary evaluation of these inhibitors in a biological system
has been presented. In our study we tested the most effective molecule
among those described with regard to its effect on purified human AMPD,
rat heart homogenate AMPD, and apparent AMPD enzyme activity in rat
cardiac myocytes.

MATERIALS AND METHODS

An inhibitor of AMP deaminase (AMPDI): 3-[2-(3-carboxy-4-bromo-
5,6,7,8 tetrahydronaphthyl)ethyl]-3,6,7,8-tetrahydroimidazo[4,5-d][1,3]
diazepin-8-ol was chemically synthesized according to the procedure estab-
lished by Kasibhatla et al.[4] Its identity was confirmed by NMR and mass
spectrometry. AMP deaminase was isolated using two step phosphocellulose
column chromatography from human skeletal muscle collected during
autopsy according to our previously established procedures.[5] Purified
enzyme was incubated with different concentrations of the inhibitor
and activity was measured by conversion of AMP into IMP by HPLC.
Rat hearts were homogenized at 4◦C in a ratio of 1 g of wet weight of
tissue per 9 ml buffer (150 mM KCl, 20 mM TRIS, 1 mM EDTA, 1 mM
dithiothreitol, pH 7.0) as we previously described.[6] Rat cardiomyocytes
were isolated as we have described previously.[7] Isolated myocytes sus-
pended in HEPES-buffered Krebs solution with 2% bovine albumin were
preincubated with 0.1–3 mM AMPDI for 30 minutes to 5 hours. Following
preincubation, oligomycin and deoxyglucose were added for 45 minutes
to stimulate adenine nucleotide catabolism in the presence of selective
adenosine kinase (5′-iodotubercidine [ITU]) and adenosine deaminase
(erythro-9-(2-hydroxy-3-nonyl)adenine [EHNA]) inhibitors to discriminate
between alternative AMP catabolic pathways. At the end of the experiment,
perchloric acid extracts were prepared and analysed by HPLC as we have
described previously.[8] The ratio of adenosine to the sum of IMP and
inosine (Ado/Ino+IMP) was used to estimate catabolic flow through
5′-nucleotidase relative to that through AMP deaminase.

RESULTS

Figure 1 shows that IMP concentration markedly decreased in car-
diac myocytes treated with AMPDI and then subjected to stimulation of
adenine nucleotide catabolism with deoxyglucose/oligomycin. This was
accompanied by increasing concentrations of adenosine (Figure 2). Con-
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FIGURE 1 IMP concentration in rat cardiomyocytes in control conditions and with 0.1, 0.3, 1, and
3 mM AMPDI following stimulation of catabolism with oligomycin and deoxyglucose. EHNA and ITU
were present during incubation Values are mean ± SEM, n = 3.

sequently, the ratio of Ado/(Ino+IMP) was increased several times, indi-
cating relatively greater adenine nucleotide catabolism in the direction of
5′nucleotidase. Notably, the total amount of adenine nucleotide degrada-
tion products (

∑
Ado + IMP + Ino + Hx) does not change after the ad-

dition of AMPDI (data not shown). Figure 3 presents inhibition of purified
human skeletal muscle AMPD and rat heart homogenate AMPD by AMPDI
compared with its effect in isolated cardiomyocytes. These data indicate very
effective inhibition of purified and homogenate AMPD, but highlights that a
much higher concentration is necessary for in vivo inhibition of the enzyme.

FIGURE 2 Adenosine concentration in cardiomyocytes incubated as described in Figure 1. Values are
mean ± SEM, n = 3.
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FIGURE 3 Effect of AMP deaminase (AMPD) inhibitor on AMPD activity in rat heart homogenate, rat
cardiomyocytes and with isolated human skeletal AMPD. Values are expressed as percentage of activity
without inhibitor and represent mean ± SEM, n = 3.

DISCUSSION

The main finding of this study demonstrates that AMPDI effectively in-
hibits AMPD in rat cardiomyocytes. The Ado/(Ino+IMP) ratio that was used
to discriminate whether AMP degradation proceeded via deamination by
AMPD or dephosphorylation by 5′nucleotidase was increased several fold.
Therefore, the pharmacological inhibition of AMPD shifts AMP degrada-
tion towards elevated adenosine production.

Unfortunately, about 1,000 times more AMPDI is needed to achieve this
effect in isolated cardiomyocytes compared to the effective concentration
observed with isolated human AMPD and rat heart homogenate AMPD.
Nevertheless, the high concentration of AMPDI required for AMPD in-
hibition in vivo does not appear to increase toxicity, as the rate of total
catabolite formation was not changed. This study provides essential infor-
mation for further evaluation of metabolic and functional consequences of
AMPD inhibition and shows that AMPDI could be used in pharmacologi-
cal and mechanistic studies that require specific and effective inhibition of
this enzyme.
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