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Abstract: Early intervention using hypothermia treatment has been shown to reduce early inflammation, apoptosis
and infarct size in animal models of cardiac ischemia/reperfusion. We have shown that 5’-adenosine monophos-
phate (5’-AMP) can induce a reversible deep hypothermia in mammals. We hypothesize that 5’-AMP-induced hypo-
thermia (AIH) may reduce ischemic/reperfusion damage following myocardial infarct. C57BL/6J male mice were sub-
jected to myocardial ischemia by ligating the left anterior descending coronary artery (LAD) followed by reperfusion.
Compared to euthermic controls, mice given AIH treatment exhibited significant inhibition of neutrophil infiltration
and a reduction in matrix metallopeptidase 9 (MMP-9) expressions in the infarcted myocardium. A decrease in termi-
nal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)-positive nuclei in the left ventricle myocardium were
also observed. The overall infarct size of the heart was significantly smaller in AlH treated mice. Myocardial ischemia
in mice given 5’-AMP without hypothermia had similar ischemia/reperfusion injuries as the euthermic control. Thus,
the AIH cardio-protective effects were primarily hypothermia based.
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Introduction

Myocardial infarction is the leading cause of
premature death in the United States and in
many developed countries. Current therapies for
acute myocardial infarction (AMI) involve early
reperfusion by thrombolysis and percutaneous
coronary intervention. An important and active
area in cardiovascular research is therapeutic
hypothermia after AMI. Mild hypothermia in ani-
mal myocardial infarction model studies showed
beneficial results [1-4]. Myocardial infarct size
has been shown to be smaller in animals
treated by mild hypothermia [2, 3, 5, 6]. In
2005, the Advanced Life Support Task Force of
the International Liaison Committee on Resusci-
tation recommended therapeutic hypothermia
treatment for out-of-hospital cardiac arrest
when the initial rhythm was ventricular fibrilla-
tion [7-9]. However, the authors of these studies
found that this post-resuscitation treatment
using hypothermia is not widely practiced [10].

A major factor limiting the use of hypothermia
as a therapeutic tool is the technical difficulty of
cooling a patient. We believe AIH can overcome
this obstacle and will aid the application of hy-
pothermia therapy.

In our previous studies, we observed that mice
given a high dosage of 5’-adenosine monophos-
phate (5’-AMP) enter a hypometabolic state that
allows for relative rapid lowering of body tem-
perature [11-13]. We showed that mice given
5’-AMP can have their core body temperature
(Tb) safely reduced to 16-17°C when kept at an
ambient temperature (Ta) of 15°C [12, 13]. Our
studies show that AIH is preceded by hypome-
tabolism and is linked to decreased affinity for
oxygen by the erythrocytes caused by excessive
5-AMP influx. During this transient period of
hypometabolism the Tb can be reduced rapidly
without encountering a severe thermo-
regulatory defense. We observed that the length
of AIH is regulated in part by the decline in Tb,
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which is in turn mediated by Ta [12]. Mice re-
main in this deep hypothermia state for several
hours if the ambient temperature is maintained
at about 15°C. The aim of this study is to inves-
tigate whether such deep hypothermia induced
by 5-AMP reduces inflammation response,
apoptosis and infarct size in a cardiac ische-
mia/reperfusion model. AMI was generated by
temporary ligation of the left anterior descend-
ing coronary artery (LAD) followed by 24 h reper-
fusion. Here we show that AlH can have a cardio
-protective effect in mice that have been sub-
jected to myocardial ischemia. The heart tissue
of AIH treated mice displayed a reduction in
molecular and cellular indicators of inflamma-
tory response, apoptosis and tissue repair. In
addition the AIH treated mice also displayed
smaller infarct size after AMI. Thus, our studies
indicate that AIH has potential utility to limit
cellular damage after ischemic assault.

Materials and methods
Animal model

Male mice (C57BL/6J) between 10-12 weeks,
purchased from Jackson Laboratories, were
used in these studies. Adenosine receptor
knock-out mice were generously provided by Dr.
Michael Blackburn [12]. Mice were housed in
standard husbandry care in a 12h:12h dark-
light cycle with ad labitum access to food and
water. These studies were carried out under
IACUC approved protocol AWC-07-011.

Induction of deep hypothermia and experimen-
tal groups

Adenosine 5’-monophosphate was obtained
from Sigma (St Louis, MO, USA). A freshly pre-
pared 5-AMP solution in phosphate buffered
saline (PBS) was injected intraperitoneally (IP)
at a dosage of 0.5 mg/g body weight. The Th
was measured using a digital thermometer
(Fisher Scientific, Pittsburgh, PA) with the probe
placed about 1 cm into the anus. Electrocardio-
grams were recorded for all experimental ani-
mals, from the beginning till the end of all ex-
periments.

Mice after AMI were randomized into 4 experi-
mental groups (n=8): 1) normothermia: control
group with Tb at 37°C. 2) normothermia + 5"
AMP: at the end of ischemia, 5-AMP was ad-
ministrated but the Tb of mice were kept at
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euthermia by maintaining Ta between 33-34°C
for 3 h. 3) post-ischemia-hypothermia: 5’-AMP
was administered at the end of ischemia and
the mice were kept at 15°C Ta. 4) pre-
reperfusion-hypothermia: 5-AMP was injected
20 min before reperfusion and at the end of
ischemia, the animals were maintained at 15°C
Ta. After 6 h at 15°C, all AlH treated mice were
returned to normal husbandry care. Mice in the
AIH group returned to euthermia after 2-3 h in
standard husbandry care environment.

Closed chest ischemia/reperfusion protocol

A closed-chest ischemia/reperfusion protocol
was carried out as described previously [14].
Briefly, mice were anesthetized and ventilated
with 2% isoflurane and 98% oxygen provided to
the inflow of the ventilator (Vaporize Sales &
Service Inc, Rockmart, GA; Harvard Apparatus,
Harvard Model 683 Small Animal Ventilator,
Holliston, MA). A left thoracotomy was created
via the fourth intercostal space; the left lung
was pulled back and the pericardium was then
dissected to expose the heart. The two ends of
the 8-0 suture were passed under the LAD and
threaded through a 0.5-mm piece of PT-10 tub-
ing. These ends were placed under the skin and
the chest was closed. Antibiotics and Buprenor-
phine HCI were given for 2 days post-surgery.
After one week, mice were re-anesthetized and
the skin in the chest was reopened. The two
ends of the suture under the skin were taped to
metal picks. The metal picks were carefully
pulled apart until an obvious ST segment eleva-
tion was observed on the electrocardiogram.
After 45 minutes of coronary occlusion, reperfu-
sion was restored by releasing the ligation.

Tissue preparation and immunohistochemical
staining

Mice were sacrificed at 24 h after the start of
reperfusion. The hearts were dissected, and the
left ventricles were sectioned transversely into 3
slices, fixed in 4% paraformaldehyde (Electron
Microscopy Sciences, Hatfield, PA) and then
embedded in paraffin. Paraffin sections (5 ym)
were deparaffinized in histo-clear (National Di-
agnostics, Atlanta, GA) and then rehydrated.
Sections were pre-incubated with 0.3% hydro-
gen peroxide in PBS to inhibit endogenous per-
oxidase activity, washed twice in PBS, pre-
incubated with blocking serum (5% normal se-
rum) for 1 h, and then incubated at 4°C over-
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night with either rat anti-mouse neutrophil anti-
body (1:500 dilution; Serotec, Raleigh, NC) or
goat anti-mouse MMP-9 antibody (1:100 dilu-
tion; R&D Systems, Inc. Minneapolis, MN). After
washing 3 times with PBS, samples were incu-
bated with biotinylated secondary antibodies for
1 h at room temperature, followed by addition
of ABC reagent (Vector Laboratories, Burlin-
game, CA). Then the sections were treated with
SIGMA FAST 3, 3 - Diaminobenzidine (Sigma, St
Louis, MO) and slides were mounted in Cytoseal
XYL (Richard-Allan Scientific, Kalamazoo, MI).
Control sections were incubated with PBS in
place of the primary antibody. From each slice,
2 fields close to the infarct border were photo-
graphed at 100x magnification (Olympus mi-
croscopy BX60m, Olympus DP71). Quantitative
evaluation of neutrophil or MMP-9Q levels was
performed using the Image-Pro plus software
(Media Cybernetics, Silver Spring, MD, USA).

Apoptosis assay

The TUNEL assay was carried out according the
manufacturer’s instructions (Roche, Germany).
Briefly, sections were de-waxed, rehydrated and
then incubated with 20 yg/ml Proteinase K at
37°C for 30 min followed by 3 washes with PBS.
Each slide was incubated with 50 yl TUNEL re-
action mixture at 37°C for 1 h, followed by 3
washes with PBS. Slides were mounted with
SlowFade Gold reagent with DAPI (Invitrogen
Corp. Carlsbad, CA). From each slice, 2 fields
close to the infarct border were photographed
at 100x magnification (Olympus microscopy
BX60m, Olympus DP71). Apoptotic cells were
quantitatively evaluated using Image-Pro soft-
ware (Media Cybernetics, Silver Spring, MD,
USA).

Infarct size assessment

To measure the infarct size, 1% Evan’s blue was
infused into the aorta and washed with cardio-
plegic solution. The left ventricle was sliced
transversally into five 1-mm-thick sections and
incubated in a 1% solution of 2,3,5-
triphenyltetrazolium chloride (TTC; Sigma-
Aldrich, St Louis, MO) for 30 minutes at 37°C.
After fixation in a 4% paraformaldehyde-
phosphate-buffered saline solution, the slices
were weighed, and each side was photo-
graphed. The infarct size and area at risk in-
cludes the whitish and pinkish areas of each
tissue section, respectively. The ischemic risk
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area and the infarcted area which is unstained
by TTC were quantified with the use of Image J
(Scion Corp, Frederick, MD). Infarct size was
expressed as a percentage of the ischemic risk
area.

Q-PCR quantification of MMP9 expression from
paraffin embedded tissues

mRNA was recovered from tissue sections of
the same paraffin embedded tissue blocks used
for MMP9 immunohistochemical staining, using
the RecoverAll™ Total Nucleic Acid Isolation Kit
for FFPE kit (Applied Biosystems/Ambion, Aus-
tin, TX, USA). First strand cDNA was synthesized
using SuperScript™ Il Reverse Transcriptase
from Invitrogen (Carlsbad, CA, USA) with 200 ng
of total RNA for each sample in a 20 pl volume.
Due to low levels of cDNA from recovered
mRNA, an enrichment PCR of 33 cycles was
carried out using 1 pl of each cDNA synthesis
mix. Then each g-PCR reaction was set up with
2 ul of the enhancement PCR and the respec-
tive primer set using the Maxima SYBR Green
gPCR reaction kit (Fermentas Life Sciences,
Glen Burnie, MA, USA). A Stratagene MX3000p
was used for running all gPCRs simultaneously,
and MxPro software was used for data acquisi-
tion, tracking and preliminary analysis. A quanti-
tative control reference, GAPDH, was included
and processed in parallel. The relative amount
of each transcript was determined using the
AAC: method [15].

Data analysis

All data were expressed as means + SEM. Data
were analyzed by GraphPad Prism software
(GraphPad Software, San Diego CA) using one-
way AVOVA for multiple group comparison tests.

Results
Reduction in heart rate during AlH treatment

Reduction of the work load of an injured heart
would have a protective effect on its tissue due
to lower metabolic demand [16]. Our studies
revealed that AIH treatment resulted in a rapid
decline in heart rate of wild type mice following
administration of 5'-AMP via IP. The heart rates
of anesthetized mice dropped from 550 beats/
min to about 200 beats/min within minutes
after 5’-AMP administration (Figure 1A). How-
ever, mice deficient in the A1 receptor did not
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Figure 1. Rapid bradycardia response to 5’-AMP is mediated by the adenosine A receptor. A) Heart rates of anesthe-
sized mice with various adenosine receptor genetic deficiencies following administration of 5’-~AMP. B) Corresponding
core body temperature (Th) of mice shown in (A) maintained at a Ta of 23°C. C) A representative heart rate of an
anesthesized wild type mouse during the normothermic state. D) A representative heart rate of an AlH treated wild

type mouse with a Th of 16°C.

display this bradycardiac response to 5’-AMP.
The heart rates of mice deficient in adenosine
receptor subtypes Aza, A2n and Az were similar to
wild type mice in response to 5’-AMP injection.
The Tb of both wild type and A1 receptor defi-
cient mice declined in a similar fashion under
the same Ta conditions (Figure 1B). These ob-
servations indicate that the rapid slowing of
heart rate is not a prerequisite for mice to enter
hypometabolism and hypothermia. Wild type
mice in deep hypometabolism, with a Tb of
16°C, exhibit a heart rate of about 10 % that of
euthermic state (Figure 1C, 1D). We conclude
that this bradycardia response is mediated by
the A1 receptor. We hypothesize that the brady-
cardia response and the accompanying hypo-
thermia induced by AIH may be beneficial in
alleviating metabolic stress of an injured heart.
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Therefore, a study was undertaken to examine
such a possibility using a mouse model for AMI.

AlH decreases levels of neutrophil infiltration in
the infarcted heart

Ischemia/reperfusion damage is typically asso-
ciated with increased inflammation. The level of
neutrophil infiltration in the infarct area is a
good indicator of inflammatory response. There-
fore, immuno-histochemical staining using
mouse neutrophil specific antibodies was car-
ried out with the four experimental groups de-
scribed in Methods. The results demonstrated
that there were different levels of neutrophil
infiltration into heart tissue at 24 h after AMI
among the four experimental groups (Figure
2A). Neutrophil infiltration in the AIH treated
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Figure 2. AIH reduces neutro-
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post-ischemia group was significantly reduced
to about 65% of the normothermia control
(Figure 2B). An even greater reduction of neutro-
phil infiltration was found in the pre-reperfusion
AIH treated group, neutrophil infiltration of
about 38% of the normothermia group was ob-
served (Figure 2B). Differences between the
normothermia group and the AIH treatment
group were statistically significant. Group 2
mice that were given 5’-AMP but maintained at
a Tb in the euthermia range showed a similar
level of neutrophil infiltration to the control nor-
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servation suggests that it is
the reduction of Tb rather
than 5'-AMP itself that con-
trols the ischemia induced
neutrophil response.

AlIH reduces MMP-9 expres-
sion in the infarcted heart

Matrix metalloproteinase 9
(MMP-9) belongs to a family
of collagenases that are
released by cardiac cells
following tissue injury.
Therefore, the level of MMP-
9 is a good indicator of
ischemic tissue damage and
remodeling [17, 18]. Similar
to neutrophil infiltration,
MMP-9 was highly up regu-
lated in the control nor-
mothermic group and in
group 2 mice, which were
given 5’-AMP but Tb maintained at normother-
mia (Figure 3A). The level of MMP-9 in the post-
ischemia AIH group was reduced to 54%
(P<0.01) of the level in the control normother-
mia group (Figure 3B). A greater MMP-9 reduc-
tion was observed in the pre-reperfusion AlH
group, which exhibited a level of MMP-9 18%
(p<0.01) of that observed in the control nor-
mothermia group. To confirm that MMP-9 levels
were elevated in group 1 and group 2, qPCR
quantification of mRNA extracted from paraffin-
embedded tissue samples was carried out. The
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Figure 3. AIH reduces MMP-9 expression in the infarcted area. (A) A representa-
tive immunocytochemical stain is shown for each experimental group. Samples
were analyzed at 24 h post-reperfusion after 45 minutes LAD ischemia
(magnification, x100). (B) Quantification of MMP-9 positive-staining cells in each
of the experimental groups. Data are presented as mean cell numbers per
squared millimeter + SEM; n = 8 for each group. #, P < 0.01 compared with the
normothermia group. Error bars indicate SEM, (n=8). (C). MMP-9 levels measured
by gPCR analysis. Internal control was GAPDH transcript level. Error bars indicate
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gPCR studies demonstrate that the mean levels
of MMP-9 mRNA was at least 2-3 fold higher in
samples from group 1 and group 2 than those
from group 3 and group 4 (Figure 3C). These
findings provide further evidence that AlH treat-
ment has a cardiac protective effect after myo-
cardial infarction.
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AlIH decreases apoptosis in
the infarcted heart

Cell death by apoptosis is
another indicator of
ischemic damage since
apoptosis is initiated shortly
after AMI [19]. Hearts from
mice in post-ischemia and
pre-reperfusion groups dis-
played a significant reduc-
tion of TUNEL positive nuclei
compared with the nor-
mothermia group 1 (Figure
4A). TUNEL positive nuclei in
hearts of the post-ischemia
group 3 animals were re-
duced to 75% of levels ob-
served for the normothermia
group 1. In pre-reperfusion
group 4 hearts, the TUNEL
positive nuclei were 32% of
the normothermic group 1
levels (Figure 4B). Again, no
difference in apoptotic levels
was observed between
hearts from group 2 and
group 1 mice. Overall, these
findings indicate that there
was less apoptosis in hearts
from mice that were treated
with hypothermia than in the
control normothermic group.

AlH reduces infarct size in
the ischemia/reperfusion
mouse heart

Another good indicator of
ischemic damage is the in-
farct size of the heart after
reperfusion. The average
infarct size/area at risk ratio
was determined at 24 hours
post-reperfusion by TTC
staining in all four experi-
mental groups. The infarct
size/area at risk of the 5'-

AMP group 2 maintained at about normother-
mic Tb was 32.0%. This value is similar to a
value of 33.8% observed for the normothermic
control group 1. However, the average infarct
size/area at risk dropped to 19.4% and 9.5% in
the AIH post-ischemia group 3 and pre-
reperfusion group 4, respectively (Figure 5). The
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Figure 4. AIH decreases apoptosis in the infarct area. (A) A representative immuno-
cytochemical stain is shown for samples from each group at 24 h post-reperfusion
after LAD ischemia (magnification, x100). The nuclei are stained by DAPI (blue) and
the apoptotic cells are displayed using fluorescently modified nucleotide (pink). (B)
Quantification of TUNEL positive-staining cells in each of the respective experimen-
tal groups. Data are presented as mean cell numbers per square millimeter + SEM;
n = 8 for each group. #, P < 0.01 compared with the normothermia group.

significant  (P<0.01).
Therefore, our studies
demonstrate that AIH
treatment reduces the
infarct size area in an
AMI experimental
model.

Discussion

Our previous studies
have shown that mice
given a high dosage of
5-AMP enter a transient
hypometabolic state
[12, 13]. Under appro-
priate Ta, the Tbh of mice
in hypometabolic state
can be safely reduced to
about 15-16°C (Figure
6). The reduction in the
animal’s Tb can be regu-
lated by controlling Ta.
For example, mice given
5’-AMP but kept at a Ta
of 33°C, such as group
2, can maintain their Tb
at euthermic range
(Figure 7). It has been
shown that hypothermia
can reduce ischemia
and reperfusion dam-
age [2, 3, 5, 6]. There-
fore, we undertook this
study to investigate
whether AIH has a simi-
lar therapeutic value for
AMI induced ischemia
and reperfusion injuries.
Our studies demon-
strate that AIH treat-
ment has a cardiopro-
tective effect after myo-
cardial infarct by the
following criteria: 1) a
significant inhibition of
neutrophil infiltration
into the infarcted myo-
cardium; 2) a significant
reduction of MMP-9
expression in the infarc-
ted area; 3) a significant

_ o _ decrease in TUNEL positive nuclei in the left
difference in infarct size between the nor- ventricle myocardium; and 4) a significant re-

mothermic and AIH treatment groups was highly duction of infarct size.
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Figure 6. The core body temperature measured by
telemetry of mice given saline or 0.5g/gw of 5’-AMP
and maintained at an ambient temperature of 15°C.

Following myocardial ischemia/reperfusion in-
jury, an early inflammatory reaction is triggered.
This is reflected by neutrophil infiltration into
the damaged tissue to clear apoptotic cells and
matrix debris, resulting in healing and replace-
ment of damaged tissue by scar tissue. Studies
have suggested that myocardial injury caused
by coronary artery occlusion followed by reperfu-
sion is neutrophil-dependent [20, 21]. One of
the crucial mediators of cardiac damage during
the reperfusion phase is the level of neutrophil

358

Ta~ 33°C

O Injlection —Saline
— 375 }
ENN/A
37 \\A —0.5 mg/gbw
365 5'-AMP

0 20 40 60 80 100
Time (min)

Figure 7. The core body temperature measured by
telemetry of mice given saline or 0.5g/gw of 5’-AMP
and maintained at an ambient temperature of 33°C.

infiltration [22]. One of the strategies to de-
crease myocardial injury is the use of anti-
neutrophil treatments, including anti-neutrophil
antibodies and anti-neutrophil drugs [23-28].
Consistent with previous observations, we ob-
served a large increase in neutrophil infiltration
in the infarcted area after 24 h of reperfusion.
By contrast, the number of infiltrated neutro-
phils was significantly decreased in hearts of
mice from the AIH treatment groups. Neutrophil
reduction was further enhanced in the pre-
reperfusion group suggesting that the earlier
the Tb can be reduced the better the outcome
after ischemic damage. However, randomized
clinical trials of anti-inflammatory agents in AMI
patients have proven disappointing [29]. One
reason for the poor outcome is that the inflam-
mation cascade triggered by AMI involves many
types of chemokines, and cytokines. Systemic
hypothermia induced by AIH treatment might
provide a better approach to inhibit inflamma-
tion by reducing a broad array of inflammatory
responses. The observations from group 3 mice
suggest that the inflammation response follow-
ing reperfusion can be reduced by prolonged
hypothermia following ischemia. How prolonged
hypothermia reduces the inflammatory re-
sponse to ischemia following reperfusion is not
clear. Our recent studies suggest that over 99%
of genes assayed by microarray analysis did not
change their expression during deep hypother-
mia [13]. These observations would argue that
changes in gene expression did not explain the
reduced inflammatory response. It is has been
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shown that cardiac reperfusion damage is
linked to a rapid built up of reactive oxygen spe-
cies following ischemia damage [30]. Our recent
studies have demonstrated that AlH is associ-
ated with decreased oxygen affinity by erythro-
cytes due to increased levels of 2,3-
bisphophoglycerate acting to enhances deoxy-
hemoglobin levels [12]. We speculate that the
decreased oxygen levels during deep hypother-
mia modulated the rapid built up of reactive
oxygen species that could cause additional cel-
lular damage following reperfusion. In addition,
since AMP administration causes a global sup-
pression of metabolism, we expect that mobility
of neutrophils would be suppressed metaboli-
cally as well as by hypothermia. Although AIH
may suppress the acute phase of the inflamma-
tion response, a residual inflammation re-
sponse is observed when hypometabolic ani-
mals were returned to normothemia.

Activation of MMPs plays an important role dur-
ing the early stage of the healing process after
myocardial ischemia/reperfusion injury. It has
been shown that activated MMP-9 is co-
localized with infiltrating neutrophils after myo-
cardial ischemia/reperfusion [31, 32].
Ducharme et al found that the loss of the MMP-
9 gene attenuated left ventricular dilation and
collagen accumulation after myocardial infarc-
tion in mice [33]. The administration of MMP-
inhibitors in animal models has been shown to
attenuate left ventricle dilation and infarct ex-
pansion [34]. Our studies suggest that AlIH treat-
ment attenuates ischemia/reperfusion injury by
reducing MMP-9 expression. Myocardial apop-
tosis is typically initiated shortly after the onset
of ischemia and is greatly enhanced during
reperfusion [35, 36]. Reperfusion injury was
attenuated by inhibition of apoptosis in dogs
[37], mice and rats [38]. Hypothermia protects
against endothelial cell apoptosis induced by
ischemia/reperfusion by inhibiting both extrinsic
and intrinsic signaling pathways in vitro [39].
Our studies show that cardiomyocyte apoptosis
after ischemia/reperfusion in mice could be
largely prevented by AlH treatment.

Reduction of the workload of an injured heart is
thought to be beneficial after AMI [16]. Previous
studies showed that extracellular 5’-
ectonucleotidase/CD73 rapidly dephophory-
lates 5’-AMP to adenosine, which induces brady-
cardia via the A1 adenosine receptor of the
heart tissue [40]. Consistent with these find-
ings, our studies demonstrate that the heart
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rate of adenosine A: receptor deficient mice
does not slow rapidly in response to 5-AMP.
However, adenosine Aideficient mice can still
attain hypothermia in a manner similar to wild
type mice indicating that the bradycardia effect
is independent of the hypometabolic response.
In addition, AMI studies using CD737- mice dem-
onstrated that AIH treatment resulted in similar
outcome to that of wild type mice (data not
shown). Thus, our studies suggest that the ob-
served cardio-protective effects of AIH are not
driven by dephosphorylation of 5-AMP into
adenosine but rather from the induction of hy-
pothermia.

Mild hypothermia treatment has been shown to
reduce myocardial infarct size in different ani-
mal models [2, 3, 5, 6]. Our studies demon-
strate that infarct size in mice was significantly
reduced by AlH treatment. Mice from the pre-
reperfusion group gained greater protection
against all measures of myocardial damage
tested indicating that early intervention by AlH is
highly beneficial. However, a recent study in rat
using 5’-AMP to reduce Tb to about 33-34°C for
2.5 h did not show a beneficial outcome with a
cerebral ischemia model [41]. One possible
explanation is that 2.5 h of hypothermia may be
too short a time to have significant impact on
ischemic damage. In contrast our studies used
at least 6 h. Another possible explanation is that
mammals differ in their preference for the tor-
por state depending on their metabolic rate.
Large mammals such as bears technically do
not hibernate but instead undergo torpor ata Tb
of about 32°C while small rodents can hiber-
nate at Tb of less than 10°C [42]. Thus, we sur-
mise that small rodents, such as mice and rats,
with high metabolic rates need to be cooled
much lower than 34°C to prevent ischemic dam-
age.

Using an animal model of cardiac ischemia/
reperfusion, we have shown that 5’-AMP induce
a reversible deep hypothermia that reduces
ischemia/reperfusion damage following myocar-
dial infarct. The AIH cardio-protective effects
were primarily a result of hypothermia.
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