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Note 

Determination of acid-soluble nucleosides and bases in myocardium by thin- 
layer methods* 

In studying the free energy metabolism of myocardium during ischemia, 
we have developed thin-layer chromatographic techniques for determination of 
the major compounds involved. The technique for separation of the acid-soluble 
nucleotides, adenosine triphosphate (ATP), adenosine diphosphate (ADP), aclenosine 
monophosphate (AMP), and inosine monophosphate (IMP), by anion-exchange on 
polyethyleneimine (PEI) cellulose thin layers has been previously describedi. This 
paper describes a method for determination of the degradation products of these 
nucleotidcs using the anion-exchange properties of PEI cellulose, and an (NH,) $O,- 
based solvent described by MARKHAM AND S&XITH~, and COFFEY AND NEWBURGI@. 
These compounds include the nucleosides, inosine and adenosine, and the nucleobase, 
hypoxanthine. 

Exfievimental . . 

Sanz$Ze $v+avatio~z. The experimental protocol utilized an open-chest mongrel 
dog preparation, in which the heart was electrically fibrillated. Stainless-steel tongs, 
pre-cooled in liquid nitrogen were clamped on to a portion of heart muscle at various 
times after fibrillation, freezing it igz situ. The tissue was immediately excised and 
immersed in liquid nitrogen. This sample was then pulverized to a fine powder using 
a pm-cooled, stainless-steel mortar and pestle. A portion of this powder, weighing 
3oo-500 mg, was added to a pre-weighed homogenizer tube containing 2 cc of 05 N 
perchloric acid. This mixture was homogenized by a motor-driven Teflon pestle for 
2 min. The supernatant was removed after centrifugation at 2,000 r.p.m. for 20 min, 
and neutralized with r M KOH, and Bromthymol Blue as an indicator. The IKIO,, 
precipitate formed at neutralization was removed by additional centrifugation. 
The extract was then frozen until time for application to the thin-layer plates. . 

Clwomatogvafihy. Quantitative reference curves were obtained by spotting 
quantities of from 2-30 mpmoles of adenosine, hypoxanthine, and inosine on poly- 
ethyleneimine (PEI) cellulose plates, followed by development in distilled water. 
The plates were 20 x 20 cm pre-coated PEI-cellulose plates with a layer thickness 
of 0.10 xnm (Brinkmann Instruments, Inc.). The cellulose coating contained a fluores- 
cent dye (maximum wavelength absorption of 254 m,u) for resolution of the UV 
absorbing compounds by fluorescence quenching. The nucleosides and bases were 
quantitated directly on the plate by scanning with a dual-beam spectrodensitometer 
(Schoeffel Instruments, Model SD 3000) having an adjustable monochromometer 
(Model QPM 30), and an optical density computer (Model SDC 300). Peak areas were 
measured by the integrating strip recorder (Model SDR 303), and a disc digital 

* This work was supportod by NIH Grant No, HE 1~780. 
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readout printer (Model 610). The dual-beam feature compensates for differences in 
layer thickness, as only the ratio of the optical density is recorded. Plates were scanned 
at a wavelength of 260 rnp with a full scale deflection on the recorder chart of 0.4 
optical density units. The relationship of the number of m,umoles spotted to the 
number of integrator counts for a given peak area is shown in Fig. I. These areas 
were determined from the integrator readout minus any baseline error. Each point 
on the curve represents the mean of five determinations. The probable error of 
quantities from 2-5 .m,umoles was cn. 4-6 %, while quantities above this amount 
had a probable error of cu. 2-3 %. 

For sample determination, two plates were prepared by scoring the PEI- 
cellulose layer into r-cm strips. Both plates were spotted with 20 to 30-~1 aliquots 
of each sample extract applied to alternate strips under a stream of warm (so”) air. 
The samples were applied with so-,~l No. 705 Hamilton microsyringes in a semi- 
automated sample applicator device developed for this procedure. One plate was 
developed in x.25 N saline for nucleotide determination as previously describedl. 
The second plate was used for nucleoside and base determinations. Samples were 
applied 1.5 cm from the bottom of the plate, then the air-dried plate was developed 
in distilled water to a distance of 4.5 cm. This development moved the water-motile 
nucleosides and bases from the starting-line while the nucleotides remained bound at 
the starting-line by polyethyleneimine groups. The plate was again air-dried and the 
cellulose layer was scraped from the glass below a level of cu. 2.5 cm. This removed 
the nucleotides bound at the starting-point, leaving only nucleosides and bases. 
The plate was subsequently developed to a solvent front height of cu. 14 cm in saturated 
(NH,JBSOQ-~ M sodium acetate-2-propanol (80 : 18 : 2). 

1400 1 

Fig. I. Standard quantitative reference curves for adcnosine, inosinc and hypoxanthine at a60 rnp, 
The relationship between the quantity spotted and the peak area in arbitrary integrator counts ia 
shown. 

Fig. 2. UV density scan of myocardial extracts on PEI-cellulose plates after dcveloprncnt in: 
(A) distilled wator and (B) distilled water followed by saturated (Nl-IJBS06-~ Jb sodium acetate- 
z-propanol (80 : 18 : 2). Peaks tontatively idontificd are: (I) nuclcotides, (2) Phenol Red indicator, 
(3) adenosine, (4) hypoxanthina, (5) inosine, and (6) a UV-absorbing compound not yet charac- 
terized. Reference compounds for (B) am also shown. 
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The nucleosides and bases are motile in distilled water on PEI-cellulose layer+, 
but the RF values of sdenosine (0.43) and hypoxanthine (0.44), are sufficiently close 
that these compounds have been inseparable in aqueous solutions. Fig. z illustrates a 
UV density tracing of an estract of ischemic heart muscle developed on a PEI-cellulose 
plate demonstrating: (A) theinability of water development to separate adenosine 
and hypoxanthine, and (B) separation of these compounds with development in 
distilled water followed by satd. (NH,),SO~-I M sodium acetate-2-propanol. Ref- 
erence standards developed in the (NH,) $04 b,ased solvent are also indicated, 

The absorption peaks were tentatively identified by RF values, which were: 
0.24 for adenosine, 0.40 for hypoxanthine, and 0.59 for inosine. Additional confirma- 
tion was achieved by spectral absorption curves for each unknown compound, 
The peaks identified as adenosine had a maximum absorption wavelength of 260 rnp, 
while those of hypoxanthine and inosine had absorption maxima of 250 mp. 

A constant finding in the anoxia heart samples was a peak between hypoxantbine 
and inosine which had an absorption maximum of 260 m,u. This peak has not been 
definitely identified, but may be an adenine-containing coenzyme. 

Results and discussion 
Fig. 3 shows the results of a typical experiment in which the myocardial 

concentrations of the adenine nucleotide degradation products were determined in 
triplicate during a 35-min period of cardiac arrest. IMP has been included with the 
nucleosides and bases, since it also accumulates during ischemia. The anion-exchange 
separation procedures for IMP and the adenine nucleotides have been previously 
reportedl. None of these compounds is detectable in the normal heart, but they 
accumulate rapidly as the adenine nucleotides are broken down in anoxia. Of these 
compounds, inosine showed the greatest increase, reaching a value of approximately 2 

pmoleslg wet weight. 
A comparison of the values obtained by this technique, and those obtained 

by IMAI et al. fi using other methods, is presented in Table I. The results obtained by 
this method correlate well with those obtained by the method of IMAI et al. We feel 
this thin-layer technique for nucleoside and base determination, together with the 
method for nucleotide determination previously presentedr, offers a rapid and relative- 
ly simple technique for evaluation of the major compounds involved in the anaerobic 
metabolism of the high-energy adenine nucleotides. 
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