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MODULATION OF AMP DEAMINASE IN RAT HEARTS SUBJECTED

TO ISCHEMIA AND REPERFUSION BY PURINE RIBOSIDE
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� Changes in AMP deaminase (AMPD) activity influence heart function and progression of heart
disease, but the underlying mechanism is unknown. We evaluated the effect of purine riboside (Purr)
on the activity of AMPD in perfused rat hearts and in isolated rat cardiomyocytes. Brief perfusion
of the pre-ischemic heart with 200 µM Purr resulted in activation of AMPD, more pronounced
degradation of the adenine nucleotides, and reduced recovery of the adenine nucleotide pool during
reperfusion. Brief incubation of rat cardiomyocytes with 200 µM Purr also activated AMPD, while
prolonged exposure resulted in enzyme inhibition. We conclude that Purr activates AMPD, whereas
metabolites of this compound may inhibit the enzyme.

Keywords AMP deaminase; heart; cardiomyocytes; rat; purine riboside; ischemia-
reperfusion

INTRODUCTION

The proposed cardioprotective effect of a C34T mutation in the AMP
deaminase 1 gene,[1] which results in decreased AMP deaminase (AMPD)
activity, has recently been challenged.[2] In the context of this clinical con-
troversy it is important to develop pharmacological modulators of AMPD
activity that can be used to test the role of this enzyme in different an-
imal models such as isolated hearts, isolated cardiomyocytes, and experi-
mental models of heart failure. In this study we examined the effect of
200 µM purine riboside (Purr), a known modulator of AMPD activity,
on nucleotide metabolism in rat hearts subjected to ischemia using the

This study has been supported by the Ministry of Science of Poland (N401 101 31/2201, W-172,
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Langendorff model. We also tested the effect of 200 µM Purr on AMPD ac-
tivity and nucleotide metabolism in isolated cardiomyocytes incubated for
10, 30, and 60 minutes in normal and energy depleting conditions.

MATERIALS AND METHODS

Rats were anesthetized with pentobarbital and hearts were rapidly ex-
cised and immediately attached to a Langendorff apparatus and perfused
with filtered Krebs buffer at a constant pressure as described previously.[3]

Hearts treated with Purr and controls were studied to determine metabolic
changes before ischemia (preisch C and preisch Purr groups), during is-
chemia (endisch C and endisch Purr groups) and after ischemia (reperf
C and reperf Purr groups). Rat hearts connected to a Langendorff per-
fusion apparatus and initially perfused for 15 minutes, were perfused for
another 5 minutes with 200 µM Purr or vehicle, then subjected to is-
chemia for 15 minutes at 37◦C. Post-ischemic hearts were then reperfused
for 30 minutes at 37◦C. At the end of the initial perfusion (preisch C and
Purr), ischemia (endisch C and Purr) and reperfusion (repef C and Purr)
hearts were freeze-clamped and stored in liquid nitrogen for extraction and
high performance liquid chromatographic (HPLC) analysis as described
before.[4] Rat cardiac myocytes were obtained as described previously.[5] Vi-
able myocytes were purified by centrifugation, then suspended and incu-
bated in HEPES buffered Krebs solution containing 200 µM Purr for 10, 30,
and 60 minutes followed by addition of 10 mM deoxyglucose and 1 mg/ml
oligomycin for 45 minutes to induce breakdown of adenine nucleotides in
the presence of selective adenosine kinase (5′-iodotubercidine [ITU]) and
adenosine deaminase (erythro-9-(2-hydroxy-3-nonyl)adenine [EHNA]) in-
hibitors to discriminate between alternative AMP catabolic pathways. Cell
suspensions were then extracted with perchloric acid and analysed with
HPLC as described previously.[4]

RESULTS

Figure 1A presents ATP, NAD, and total adenine nucleotide (TAN) con-
centrations in rat hearts before ischemia, at the end of ischemia and after
reperfusion. Concentration of ATP was reduced in both ischemic groups
compared to preischemic conditions, but this reduction was more pro-
nounced in the group treated with Purr. Recovery of ATP was observed in
both reperfused groups, but this recovery was smaller in the Purr treated
group. TAN and NAD followed changes noted for ATP. Concentrations of
IMP, Ino and Ado (Figure 1B) in end-ischemic groups were greater in the
group treated with Purr.
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FIGURE 1 ATP, NAD, and TANconcentrations in rat hearts treated with 200 µM Purr and controls
before ischemia, at the end of ischemia and after reperfusion (A) and IMP, inosine and adenosine
concentrations at the end of ischemia (B). Values are mean ±SEM, n = 5, *p < 0.05 versus control.

Figure 2 demonstrates changes in IMP concentration (panel A) and
in Ado/Ino+IMP ratio (panel B) in isolated rat cardiomyocytes preincu-
bated with 200 µM Purr for 10, 30, and 60 minutes followed by 45 min-
utes stimulation of catabolism in the presence of 5 µM EHNA and 10 µM
ITU. Ado/Ino+IMP ratio was decreased after 10 minutes preincubation, not
changed after 30 min preincubation, and elevated after 60 minutes prein-
cubation with Purr. IMP concentrations followed the same pattern.

DISCUSSION

Perfusion of the rat heart with 200 µM Purr before ischemia caused ac-
tivation of AMPD that was indicated by increased concentrations of IMP in
hearts subjected to ischemia. We observed more pronounced degradation
of the adenine nucleotides. However, AMP dephosphorylation pathway has
also been activates as indicated by increased adenosine production. This was
not due to increased AMP concentration and seems to be a consequence of
direct activation of catabolic enzymes. Experiments with rat cardiomyocytes
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FIGURE 2 IMP concentration (A) and Ado/(Ino+IMP) ratio (B) in isolated cardiomyocytes treated
with 200 µM Purr for 10, 30, and 60 minutes and then subjected to 45 minutes exposure to oligomycin
and deoxyglucose in the presence of 5 µM EHNA and 10 µM ITU. Values are mean ±SEM, n = 5,
p < 0.05 for control versus Purr 10 minutes and control versus Purr 60 minutes.

incubated with 200 µM Purr highlighted that effect of purine riboside on
adenine nucleotide catabolism is more complex. Short preincubation with
purine riboside caused activation of AMPD, as in perfused hearts but longer
preincubation inhibited AMPD. We conclude that purine riboside causes di-
verse effects on AMP deaminase activity in the heart. The short-term effect is
activation while prolonged exposure inhibits AMP deaminase. This diverse
effect of purine riboside is most likely related to formation of intracellular
phosphate metabolites of purine riboside that we previously found to be
synthesized[6] but initially are absent, hence direct activation that turns to
inhibition while those metabolites are formed.
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