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Previous studies from this institution using human cell 
cultures have suggested that University of Wisconsin 
solution is preferred for prolonged hypothermic storage 
for cardiac transplantation. The primary objective of this 
study was to evaluate the effectiveness of extended 
cardiac preservation with University of Wisconsin solu- 
tion by assessing the time-related changes of purine 
metabolites using two different models of cold storage. 
Isolated rat hearts (n = 6/group) or human ventricular 
myocyte cultures (n = 7 dishes/group) were assessed 
after 0, 6, 12, and 24 hours in University of Wisconsin 
solution at 0°C using high-performance liquid chroma- 
tography. Adenosine triphosphate content decreased 
from 18.1 * 5.4 to 9.6 f 2.7 pmol/g dried weight by 12 
hours and to 1.0 2 0.6 pmoVg by 24 hours (p < 0.0001 by 
analysis of variance) in the rat model. Adenosine triphos- 
phate content decreased from 0.64 f 0.42 to 0.14 f 0.11 

niversity of Wisconsin solution (UWS) at 0°C may be U the preferred storage conditions for cardiac trans- 
plantation according to results from our laboratory [l-31 
and others [PlO] and recent clinical trials (11, 121. Previ- 
ous studies from this institution investigated human 
cardiomyocytes as a screening model of organ preserva- 
tion. Despite the potential advantages of using human cell 
cultures for evaluation of storage techniques [13], this 
methodology represents a substantial departure from the 
intact organ. Whole organ preservation with U W S  at 0°C 
has been evaluated in these current studies, and the 
results compared with the findings obtained using human 
cardiomyocytes. 

Material and Methods 
Rat Protocol 
Hearts were obtained from Sprague-Dawley rats (250 to 
500 g). All animals received humane care in compliance 
with the “Guide for the Care and Use of Laboratory 
Animals” (NIH publication No. 85-23, revised 1985). 
Animals were anesthetized with an intraperitoneal injec- 
tion of sodium pentobarbital. A median sternotomy was 
then performed, and the hearts were rapidly excised and 
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nmoYpg DNA at 6 hours and to 0.04 f 0.03 nmoYpg 
DNA by 24 hours (p < 0.OOOOl) in the cardiomyocytes. 
Inosine monophosphate content increased from 0.1 f 0.2 
to 10.8 f 1.0 by 24 hours ( p  < 0.0001) in the rat studies. 
Inosine monophosphate values tended to increase up to 
12 hours ( p  = 0.06) in the cell cultures and then declined. 
Adenosine concentration increased from 0.3 f 0.3 to 2.3 
f 0.9 pmoYg at 6 hours and declined thereafter (p < 
0.0005) in the rodent hearts. Adenosine concentration 
increased from 0.03 f 0.02 to 1.53 f 0.72 nmoYpg DNA 
at 6 hours (p < 0.OOOl) in the cardiomyocytes. Human cell 
cultures may represent a more sensitive model to evalu- 
ate adenine nucleotides after cardiac storage conditions 
and avoid species-specific changes in purine degrada- 
tion. Nucleoside contents are likely increased unphysio- 
logically with this experimental technique. 

(Ann Thorac Surg 1993;55:1650) 

submerged in chilled normal saline solution. Control 
hearts were immediately immersed in liquid nitrogen 
after cardiac arrest (0 hours, n = 6). Experimental hearts 
were flushed with U W S ,  15 mWkg body weight, over a 
2-minute interval. The hearts were subsequently stored at 
0°C for 6, 12, or 24 hours (n = 6/group) in 15 to 20 mL of 
chilled U W S .  

After the storage interval, the hearts were immersed in 
liquid nitrogen and then lyophilized. Tissue was homog- 
enized on ice with 0.5 moVL perchloric acid. Samples 
were centrifuged at 2,500 rpm for 10 minutes, and the 
supernatant was neutralized with 2 moVL potassium 
hydroxide to a pH of 7.6 and reacidified with 0.1 mom 
perchloric acid to a pH of 6.8. Samples were frozen in 
liquid nitrogen, lyophilized, and stored at -80°C until 
reconstitution in 100 mmol/L NH,H,PO, buffer before 
analysis using high-performance liquid chromatography. 

Cell Culfure Protocol 
Ventricular myocardium was obtained during elective 
repair of Tetralogy of Fallot from patients who had signed 
a consent form approved by the institutional human 
ethics committee. Human cardiomyocyte cultures were 
prepared as previously described with slight modifica- 
tions [l-31. Tissue was minced, after which the cells were 
dissipated with collagenase (0.1%) and trypsin (2%). The 
supernatant was collected. Cells were separated by cen- 
trifugation for 5 minutes at 2,000 rpm. The precipitated 
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Fig 1 .  The results (mean ? standard deviation) of adenosine triphos- 
phate (ATP), adenosine diphosphate (ADP), and adenosine monophos- 
phate (AMP) levels in rodent hearts (n = 6lgroup) are displayed. 
Data are presented for control samples (0 hours) and after 6 ,  12, and 
24 hours of hypothermic storage with University of Wisconsin solu- 
tion. Probability values are presented for analysis of variance 
(ANOVA) where significant, and diferences between means are speci- 
fied with a multiple-comparison t test. The level of A T P  had decreased 
by 6 hours and A D P  after 24 hours, zuhereas no significant change 
occurred for A M P .  

cells were suspended in culture medium containing 10% 
fetal bovine serum and Iscove’s modified Dulbecco’s 
medium (Gibco Laboratories Life Technologies Inc, Grand 
Island, NY) with 1% penicillin-streptomycin at 37°C with 
an environment of 5% CO, and an oxygen tension of 
150 mm Hg. 

Cells were grown until confluent, and then passage 
with trypsin performed. Fibroblasts and myocytes were 
manually separated and the identity of the myocytes 
verified using anti-actin [ 141 and anti-ventricular light 
chain 1 antibodies [15]. Experiments were performed 
using nonconfluent dishes (n = 7/group). 

For the control studies (0 hours), the culture media was 
discarded and the cells were rinsed with chilled phos- 
phate-buffered saline solution and then frozen with liquid 
nitrogen. For the experimental groups, the culture media 
was discarded and the cells were rinsed with phosphate- 
buffered saline solution. Ten milliliters of chilled UWS 
was then added to each dish. Cells were stored at 0°C for 
1, 6, 12, or 24 hours. 

After the preservation period, the storage fluid was 
discarded and the cells were rinsed with phosphate- 
buffered saline solution and then frozen with liquid nitro- 
gen. The tissue was lyophilized and stored at -80°C. 
Nucleotides were extracted from myocytes based on a 
methodology described by Shryock and associates [16] as 
previously described. 

The protocol for DNA quantification was based on the 

method of Maniatis and colleagues [17]. The samples 
were assayed on a Beckman DU-40 spectrophotometer 
(Beckman Instruments Inc, Irvine, CA) at 260 nm. 

Measurements 
The levels of adenine nucleotides and their degradation 
products were measured using high-performance liquid 
chromatography according to a modification of the 
method of Hull-Ryde and associates [18] and employing 
the Waters Maxima 820 Chromatography Workstation 
computer program as previously described [3, 191. Sam- 
ples were maintained at 4°C and injected with an auto- 
matic injector (model 700 Satellite WISP; Waters Associ- 
ates, Mississauga, ON, Canada). A step-gradient solvent 
delivery was accomplished via a Waters Solvent Select 
Valve and two reciprocating pumps (Waters Associates, 
models 501 and 510). The chromatographic column was a 
Radial-Pak Resolve C18 column with a 5-km particle size 
(Waters Associates), which was operated in a radial com- 
pression module (Waters Associates, model RCM 8 x 10) 
at 175 kg/cm2. A programmable multiwave length detec- 
tor (Waters Associates, model 490) was used to monitor 
the peaks. The previously mentioned equipment was 
controlled by a System Interface module (Waters Associ- 
ates, model 1-200). The system measured the levels of uric 
acid, adenosine triphosphate (ATP), inosine monophos- 
phate, adenosine disphosphate (ADP), hypoxanthine, 
xanthine, adenosine monophosphate (AMP), inosine, ad- 
enosine, and 2’-O-methyladenosine (internal standard) at 
254 nm. Peak areas were integrated by the Waters Maxima 
820 computer program. The concentrations of the adenine 
nucleotides and their degradation products were ex- 
pressed as micromoles per gram of freeze-dried weight for 
the rat studies and nanomoles per microgram of DNA for 
the cell culture studies. 

Statistical Analysis 
Data analysis was facilitated using Statistical Analysis 
System software (SAS Institute, Cary, NC) and a micro- 
computer. Data are summarized as the mean + standard 
deviation in the text and figures. The treatment effect due 
to time within each group was tested initially using a 
one-way analysis of variance, and the differences between 
means were specified with Duncan’s multiple range test 
[20]. A comparison of isolated organ and cell culture 
experiments was performed using percentage trans- 
formed data and two-way analysis of variance. Compari- 
sons were performed initially with a percentage transfor- 
mation of the data assuming the 0-hour mean values 
represent 100% and secondly expressing the data as a 
percentage of the mean 0 hour sum of all purine com- 
pounds. Statistical significance is assumed for p values 
less than 0.05. 

Results 
Part I 
The results of the rat studies for ATP, ADP, and AMP are 
summarized in Figure 1. The level of ATP decreased from 
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Fig 2. The results (mean 2 standard deviation) of inosine monophos- 
phate (IMP), adenosine, inosine, and hypoxanthine levels in rodent 
hearts (n = 6Jgroup) are displayed. Data are presented for control 
samples (0 hours) and after 6 ,  12, and 24 hours of hypothennic stor- 
age with University of Wisconsin solution. Probability values are pre- 
sented for analysis of variance (ANOVA) where significant, and dv -  
ferences between means are specified with a multiple-comparison t 
test. Inosine monophosphate was the most prominent degradation 
product identified following storage in the rodent heart. 

18.1 f 5.4 to 9.6 f 12.7 pmoYg by 12 hours. The level of 
ADP was maintained until 12 hours. Levels of ATP and 
ADP were severely depleted at 24 hours. The AMP 
concentration did not change significantly. 

The serial changes of degradation products are depicted 
in Figure 2. Inosine monophosphate concentration in- 
creased from 0.1 ? 0.2 to 10.7 -+ 1.0 pmoVg at 24 hours. 
Adenosine level increased from 0.3 f 0.3 to 2.3 f 0.9 
VoVg by 6 hours but decreased progressively subse- 
quently. Both inosine and hypoxanthine concentrations 
increased progressively (inosine: 0 hour = 0.9 f 0.5, 24 
hour = 4.2 f 0.3 pmol/g; hypoxanthine: 0 hour = 0.1 f 
0.1, 24 hours = 0.7 f 0.2 pmoYg; p < 0.OOOl). The levels 
of xanthine and uric acid were always small (Table 1). 

The proportional contribution of each of the purine 
metabolites is depicted in Figure 3. The total concentra- 
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Fig 3. The proportional contributions of each of the purine metabolites 
are presented for the rat heart studies (n = 6Jgroup). Probability val- 
ues are given for analysis of variance (ANOVA), and differences be- 
tween means are specified with a multiple-comparison t test. Total 
measured purine compounds had increased at 6 and 12 hours but had 
decreased by 24 hours. (ADP = adenosine diphosphate; A M P  = ade- 
nosine monophosphate; ATP = adenosine triphosphate; IMP = ino- 
sine monophosphate.) 

tion increased from 33.4 f 3.6 to 39.6 f 1.9 FoYg by 6 
hours but had decreased to 27.0 f 2.6 pmoYg by 24 hours. 

Part 11 
The results of ATP, ADP, and AMP levels for the cell 
culture experiments are summarized in Figure 4. The level 
of ATP decreased from 0.64 f 0.42 to 0.14 f 0.11 nmoYpg 
DNA by 6 hours and to 0.04 f 0.03 nmoYpg DNA by 24 
hours. The levels of ADP and AMP both declined simi- 
larly. 

The serial changes in degradation products are dis- 
played in Figure 5. Inosine monophosphate values in- 
creased by 12 hours but declined subsequently (p = 0.06). 
Adenosine concentration increased from 0.03 f 0.02 to 
1.53 f 0.72 nmoYpg DNA at 6 hours, inosine concentra- 
tion increased from 0.04 f 0.04 to 0.74 f 0.42 nmoYpg 
DNA at 6 hours, and hypoxanthine concentration in- 
creased from 0.01 ? 0.01 to 0.13 f 0.07 nmoVpg DNA at 
6 hours. Adenosine, inosine, and hypoxanthine levels 
each remained increased. The values of xanthine and uric 
acid were generally unmeasurable in the cell culture 
studies. 

Table 1. Xanthine and Uric Acid in Rat Hearts (n = 6 heartslgroup) 

Time (hours) p Value 
Variable 0 6 12 24 (ANOVAI 

Xanthine (pmoYg dried wt) 0.07 f 0.06 0.04 f 0.03 0.02 f 0.02" 0.04 ? 0.06 NS 
Uric acid (kmol/g dried wt) 0.10 f 0.03b 0" 0" 0" o.Ooo1 

p < 0.05 versus 0 hours. p < 0.05 versus 24 hours. 
NS = not significant. ANOVA = analysis of variance; 
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Fig 4. The results (mean f standard deviation) of adenosine triphos- 
phate (ATP), adenosine diphosphate (ADP), and adenosine monophos- 
phate ( A M P )  levels in human cell cultures (n  = 7 disheslgroup) are 
displayed. Data are presented for control samples (0 hours) and after 
6, 12, and 24 hours of hypothermic storage with University of Wis- 
consin solution. Probability values are presented for analysis of vari- 
ance (ANOVA) where significant, and differences between means are 
specified with a multiple-comparison t test. The level of each of the 
nucleotides had declined significantly by 6 hours in the human cell 
experiments. 

The proportional contribution of each of the purine 
metabolites is depicted in Figure 6. The total value in- 
creased from 1.0 f 0.7 to a maximum of 3.3 * 0.6 nmoYpg 
DNA at 12 hours, largely secondary to adenosine and 
inosine. 

Part I l l  
A quantitative comparison of the rat and human storage 
data is presented in Tables 2 and 3. The data are reported 
as percentages of the mean 0-hour values in Table 2. The 
data are reported as percentages of the mean 0-hour total 
purine values in Table 3 (ie, relative to 33.4 pmoYg for rat 
results and 1.0 nmoYpg for human results). The p values 
associated with the F test for either the main effect (rat 
versus human) or interaction [time x (rat versus human)] 
are presented. Levels of ATP, ADP, and AMP are severely 
depleted more rapidly in the human than in the rat 
experiments. Inosine monophosphate is a more important 
degradation product in the rat studies than in the human. 
Adenosine, inosine, and hypoxanthine levels increase to a 
greater extent in the human compared with the rat pres- 
ervations. Xanthine and uric acid values are small in both 
studies, but tended to be higher in the rat experiments. 

Comment 
Previous studies from this institution have assessed pro- 
longed hypothermic storage using human cell cultures as 

a screening model [l-31. These studies indicated that 
U W S  was preferred to Stanford cardioplegia, modified 
Euro-Collins, or phosphate-buffered saline solution. 
Other findings were that endothelial cells were, in gen- 
eral, more tolerant to cold storage than ventricular myo- 
cytes and that preservation was enhanced with progres- 
sive temperature reduction [2]. We selected the 6-hour 
storage time to represent the current upper limit of 
tolerable ischemic time for cardiac transplantation, al- 
though experimental preparations have variable success 
after 12 to 24 hours [21, 221. 

Isolated cell cultures provide an excellent model for 
metabolic investigations of myocardial tissue [13]. Human 
tissue is employed for these studies, eliminating concerns 
relative to species differences. Different tissues can be 
analyzed separately, for example, endothelial cell and 
cardiomyocytes. Despite the potential advantages of us- 
ing cell cultures, this method represents a substantial 
departure from the intact organ. We therefore wished to 
compare results obtained using this technique with simi- 
lar protocols and end points using an intact organ. Statis- 
tical comparisons were conducted with percentage trans- 
formed data to eliminate the differences in units for the rat 
heart and human cell experiments. A two-way analysis of 
variance was performed and results reported for the main 
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Fig 5. The results (mean ? standard deviation) of inosine monophos- 
phate (IMP), adenosine, inosine, and hypoxanthine leveis in human 
cell cultures (n = 7 disheslgroup) are displayed. Data are presented 
for control samples (0 hours) and after 6,  12, and 24 hours of hypo- 
thermic storage with University of Wisconsin solution. Probability 
values are presented for analysis of variance (ANOVA) where signifi- 
cant, and differences between means are specified with a multiple-com- 
parison t test. Pronounced elevations of adenosine and inosine levels 
were identified. This likely reflects diffusion of adenosine contained in 
University of Wisconsin solution into the myocyte and subsequent 
deamination . 
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effect (rat versus human) or interaction [time x (rat ver- 
sus human)]. 

Qualitatively, the results of the two models are similar 
in many respects. Levels of adenine nucleotides decline, 
whereas levels of inosine monophosphate, adenosine, 
inosine, and hypoxanthine increase and those of xanthine 
and uric acid tend to decrease. Quantitatively, severe 
differences do exist between these two models in terms of 
the magnitude or rate of change from initial values or in 
terms of the proportional contribution relative to the total 
purine content. Some of these differences could be sec- 
ondary to the differences in whole heart versus isolated 
cell, whereas others may be species-dependent. 

Adenosine triphosphate concentration decreased to less 
than 25% of control values in the cell culture studies by 6 
hours in association with significant depression of ADP 
and AMP values. This contrasted with a milder depres- 
sion of the rodent ATP values, maintenance of ADP 
values, and increase in AMP values. Whole heart ATP 
levels after medium-term storage are generally well pre- 
served in other experimental protocols [4, 8, 101 with 
U W S ,  consistent with the data from our studies. Human 
cell cultures appear to be a more sensitive model to assess 
interventions involving adenine nucleotides. 
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Fig 6 .  The proportional contributions of each of the purine metabolites 
are presented for the cell culture studies (n = 7 disheslgroup). Proba- 
bility values are given for analysis of variance (ANOVA), and differ- 
ences between means are specified with a multiple-comparison t test. 
The sum of metabolites had increased by 6 hours, largely due to the 
contributions of adenosine and inosine. (ADP = adenosine diphos- 
phate; AMP = adenosim monophosphate; ATP = adenosine triphos- 
phate; IMP = inosine monophosphate.) 

Table 2 .  Rat Versus Human Comparison (percentage transformation: mean prestorage values = 100%)" 

p Valueb 
Hours (analysis of variance) 

Main 
Variable 0 6 12 24 Effect Interaction 

ATP 
Rat 
Human 

ADP 
Rat 
Human 

AMP 
Rat 
Human 

Adenosine 
Rat 
Human 

Inosine 
Rat 
Human 

Rat 
Human 

Xanthine 
Rat 
Human 

Uric acid 
Rat 
Human 

Hypoxanthine 

100 f 30 
100 -t 65 

100 f 13 
100 + 81 

100 t 74 
100 t 103 

100 t 108 
100 t 60 

100 f 50 
100 f 91 

100 -t 74 
100 f 94 

100 f 83 
100 * 140 
100 2 29 
100 t 180 

68 f 17 
22 t 1T 

104 ? 10 
33 f 18' 

147 t 79 
28 ? 22' 

910 rfr 354 
5,167 f 2,428' 

423 t 60 
1,886 f 1,064' 

533 +- 67 
2,111 h 1,165' 

62 + 49 
0 

0 
0 

53 & 15 
18 + 15' 

104 t 16 
28 +- 20' 

147 t 31 
18 rt 11' 

652 rt 176 
7,006 rt 1,570' 

446 rt 33 
2,124 k 1,259' 

626 5 129 
1,795 k 1,021' 

31 2 26 
17 k 45 

0 
0 

5 f 3  
7 + 5  

21 ? 13 
2328 

188 t 40 
18 t 5b 

564 2 340 
4,899 f 1,430' 

450 5 30 
1,753 f 479' 

798 f 259 
1,350 f 459 

57 2 79 
0 

0 
0 

0.0160 

0.0003 

o.Ooo1 

0.0001 

0.0001 

o.oO01 

0.0825 

>0.10 

0.0942 

0.0027 

0.0026 

o.oO01 

0.0072 

0.0104 

>0.10 

>0.10 

a lnosine monophosphate results not presented as initial values were unmeasureable in the human studies, precluding percentage transforma- 
tion. p C 0.05 versus rat value. 

ADP = adenosine diphosphate; 
Main effect refers to the (rat versus human) effect. Interaction refers to the [time x (rat versus human)] effect. 

AMP = adenosine monophosphate; ATP = adenosine triphosphate. 
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Table 3 .  Rat Versus Human Comparison (percentage transformation: total prestorage purine values = 100%) 

p Value 
Hours (analysis of variance)” 

Main 
Variable 0 6 12 24 Effect Interaction 

ATP 
Rat 54 f 16 37 f 9 29 f 8 3 2 2  0.0951 0.0302 
Human 61 f 40 13 f I lb  11 f 9b 4 2 3  

Rat 31 f 4 32 f 3 32 f 5 6 k 4  o.ooo1 0.0010 
Human 27 + 22 9 f 5b 8 f 6b 6 2 2  

Rat 11 f 8 16 + 8 16 f 3 20 f 4 o.Ooo1 0.0083 
Human 4 + 4  1 f lb 1 f lb 1 f lb 

Rat 0.3 f 0.6 14 t 6 16 k 4 32 f 3 o.Ooo1 o.Ooo1 
Human 0.1 k 0.1 2 + 3b 4 k 4b 1 f Ib 

Rat 0.7 f 0.8 7 5 3  5 5 1  4 5 3  o.Ooo1 0.0041 
Human 3 f 2b 147 k 70b 200 f 45b 140 f 41b 

Rat 3 2 1  12 + 2 13 f 1 13 + 1 o.ooo1 0.0025 
Human 4 f 3  71 f 40’ 80 ? 4P 66 k lab 

Rat 0.3 f 0.2 1 2 0.2 2 f 0.3 2 k 1  o.Oo01 0.0025 
Human 0.6 + 0.5 13 + 7b 10 f 6b 8 f 3b 

Rat 0.2 f 0.2 0.01 2 0.1 0.1 f 0.1 0.1 f 0.2 >0.10 >0.10 
Human 0.4 f 0.5 Ob 0.1 f 0.2 0 

Rat 0.3 f 0.1 0 0 0 0.M)Ol o.ooo1 
Human 0.1 + O.lb 0 0 0 

ADP 

AMP 

IMP 

Adenosine 

Inosine 

Hypoxan thine 

Xanthine 

Uric acid 

Main effect refers to the (rat versus human) effect. Interaction refers to the [time X (rat versus human)] effect. p < 0.05 versus rat value. 

Inosine monophosphate levels increased to a much 
greater extent in the present rodent experiments than in 
the cell culture studies. Previous biopsy studies per- 
formed in coronary bypass patients undergoing elective 
revascularization procedures similarly identified only 
small quantities of inosine monophosphate in human 
myocardium [19]. This suggests that AMP is largely 
metabolized through adenosine in human myocardium 
whereas AMP-inosine monophosphate conversion is a 
more important pathway in the rat heart. Studies assess- 
ing the cardioprotective effects of adenosine supplemen- 
tation [2>25] or blockers of adenosine metabolism [26,27] 
may not be adequately evaluated using a species less 
dependent on AMP-adenosine conversion. 

We have previously reported that human tissue levels 
of xanthine and uric acid were very small in isolated 
cardiomyocyte cultures [3] or left ventricular biopsy spec- 
imens after cardioplegic arrest [ 191. Other investigators 
suggest that xanthine oxidase activity is minimal in hu- 
man myocardium, although this remains controversial. It 
is probable that the differences in inosine monophos- 
phate, xanthine, and uric acid levels are species- 
dependent. 

The level of adenosine (and inosine after deamination) 

increased to a greater extent in the human compared with 
rodent experiments. The concentration of total purine 
compounds increased threefold in the cell culture studies, 
largely secondary to the increase of adenosine and inosine 
(see Fig 6). Adenosine is present in U W S  in a concentra- 
tion of 5 mmol/L. As the isolated cardiomyocytes are 
submerged in a relatively large volume of storage solution 
during preservation, it is anticipated that diffusion of the 
permeable adenosine would be greater in the cell culture 
experiments, compared with the isolated rat heart, where 
diffusion is limited. The level of adenosine increased to 
8.62 * 1.18 nmoYmg protein in studies performed by Yeh 
and associates [5] using isolated rodent hearts. It is 
probable that the differences in adenosine and inosine 
concentrations represent model effects. 

We have conducted long-term cardiac storage experi- 
ments with U W S  using isolated rat heart and human 
cultured cardiomyocytes. Preservation for 24 hours is 
unsatisfactory, whereas limited protection is provided for 
6 to 12 hours. Adenine nucleotides are depleted more 
rapidly in the cell culture studies. Inosine monophos- 
phate (and, to a lesser degree, xanthine and uric acid) 
accumulates to a greater degree in the rat heart experi- 
ments, which likely represents a species-specific finding. 
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Adenosine a n d  inosine levels increase more in the iso- 
lated cells, which probably is model-dependent. 
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