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An isocratic HPLC system has been developed which allows for the rapid (single run of 20 min) measurement of 
creatine phosphate (PCr) and adenine nucleotides (ATP, ADP and AMP) in extracts from freeze-clamped and 
freeze-dried myocardial tissues. The separation was achieved at room temperature by using a RP,* column and a 
dual variable wavelength spectrophotometer, set at 210 and 254 nm. The solvent was 30 mM potassium dihydrogen 
phosphate, 15 mM tetrabutylammonium hydrogen sulfate, pH 6.7, 19% ( v h )  acetonitrile. A distinct separation 
(confirmed with the retention time of standard sample) of these high energy compounds was achieved. Standard 
curves were linear. In isolated rat hearts the following values were obtained (pmol/g dry wt, mean i SEM): ATP 
21.5k 1.3, ADP 4.6k0.2, AMP 1 . 5 f  1.1 and PCr 32.5k 1.3; which are consistent with previously published values 
for high energy compounds in this tissue. 

INTRODUCTION 
____~  ~~ 

E X P E R I M E N T A L  

Adenine nucleotides play an important role in the regu- 
lation and integration of cellular metabolism. Adenosine 
5'-triphosphate (ATP) is a major carrier of chemical 
energy in all living species (Hearse, 1979). Creatine 
phosphate (PCr) serves as an energy buffer or a shuttle, 
allowing the rapid transport of energy between cell 
compartments, which may be crucial to the function of 
excitable tissues (Saks et aZ., 1980; Kammermeier, 1987). 
Hence, the accurate quantitation of PCr and adenine 
nucleotides is of great importance in biological samples. 

Several methods for the determination of adenine 
nucleotides in myocardial tissues by isocratic reversed- 
phase high performance liquid chromatography (HPLC) 
have already been published (Bedford and Chiong, 
1974; Harmsen et a l ,  1982; Ingebretsen et al., 1982; 
Juengling et a l ,  1980). A major limitation of these HPLC 
assays is that PCr and adenine nucleotides cannot be 
measured simultaneously in the same sample. This limi- 
tation is due to the fact that at 254 to 260 nm, where the 
adenine nucleotides have a maximum absorption, the 
creatine compound is undetectable. 

Recently, simultaneous determination of these com- 
pounds has been reported by using ion-pair reversed- 
phase high performance liquid chromatography at 
209 nm only (Sellevold et aL, 1986). Cordis et af. (1987) 
used ion-pair C-18 HPLC methodology in a simul- 
taneous measurement, but found it necessary to initiate 
a linear gradient, increasing the concentration of 
acetonitrile in the second phase of the elution, in order 
to detect adenosine monophosphate (AMP). 

In this communication we wish to report a modified 
method which utilizes a reversed-phase isocratic HPLC 
with a dual variable wavelength UV detector to provide 
a rapid simultaneous determination of both PCr and 
adenine nucleotides in a single run. 

t Author to whom correspondence should be addressed. 

Materials. All chemicals were highest degree of purity. AMP, 
ADP, ATP and PCr were obtained from Sigma [St. Louis, 
MO, USA], perchloric acid, potassium dihydrogen phosphate 
from Aldrich [Milwaukee, WI, USA], and tetrabutyl- 
ammonium hydrogen sulfate (TBASH) from Fluka [Busch, 
Switzerland]. Acetonitrile used was of HPLC grade. 

Chromatographic equipment. HPLC was performed at room 
temperature (21 "C) by using a Beckman Isocratic liquid 
chromatograph, model 330, equipped with a Ultrasphere ODS 
column ( 5  pm, 25 cm x 4.6 mm ID) and a 3-cm guard column 
with the same stationary phase. A UV-VIS detector, model 
165 dual variable wavelength [Beckman Instruments, Irvine, 
CA, USA] monitored the absorbance of the eluents at 210 and 
254 nm (1.0 AUFS). A data module (Hewlett-Packard 
integrator model 3393A) provided peak areas and retention 
times. 

Buffer preparations. The mobile phase contained 30 mM 
KH,PO,, 15 mM TBASH (pH was adjusted to 6.7 with KOH), 
and acetonitrile, 19% (v/v). The mobile phase was filtered 
through a 2-pm cellulose acetate filter [ Millipore, Bedford, 
MA, USA] and degassed before use. 

Animal and treatment. Male Sprague-Dawley rats (200-250 g) 
obtained from a commercial breeder [Harlan, Houston, TX, 
USA] were housed in hanging cages and maintained in stan- 
dard laboratory rat chow and water ad libitum. All rats were 
acclimatized in our animal care facility for one week prior to 
treatment. 

The tissue samples were obtained from the rat heart, under 
ether anaesthesia. Rats were killed by removing the heart, and 
rapidly separated left and right ventricular myocardium were 
freeze-clamped and powdered in a percussion mortar cooled 
with liquid nitrogen (Williamson and Corkey, 1969). 

Extraction of PCr and adenine nucleotides from cardiac tissues 
of rat. The frozen powdered tissues were lyophilized. The dry 
tissues (I.0g) were extracted twice with 1~ perchloric acid 
( 3  mL), and centrifuged at 10,000 rpm for 10 min. The super- 
natants were pooled (6 mL), and 6N KOH (0.95 mL) and 1 M 
KH2P0, (0.2 mL) buffer was added to the combined super- 
natant. pH was adjusted to 7.2 using KOH and phosphoric 
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SIMULTANEOUS DETERMINATION BY RP-HPLC 
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Figure 1. A 50.~1 aliquot of mixture was injected in each case. (a) HPLC profiles of standards (PCr, AMP, ADP and ATP) recorded a t  210 nrn 
(1.OAUFS). (b) HPLC profile of the same mixture of standards recorded a t  254 nm (1.0 AUFS). (c) HPLC profiles of buffer at 210 nm (1.0 AUFS). 
and (d) HPLC profile of buffer blank at 254 nm (1 .O AUFS). Chromatographic conditions are described under Experimental. 

acid. Samples were centrifuged again as above, and 1 mL of 
the supernatant was used for estimation of high energy phos- 
phate compounds by HPLC following addition of MgSO, 
(100 mM, 0.05 mL) since buffer of high salt concentration was 
used. To avoid the precipitation of salt on the column during 
disuse, the column was washed thoroughly every evening using 
acetonitrile. This precaution gave more consistent results than 
if buffer remained in the column all the time. 
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RESULTS AND DISCUSSION 

Chromatograms for the standards PCr, AMP, ADP 
and ATP were obtained by injecting 50 p L  (containing 
2.5 pg of each standard) of a reference mixture on a 
reversed-phase C18 column at a flow rate of 1 mL/min. 
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Figure 2. HPLC chrornatograms of rat cardiac tissue: (a) recorded a t  210 nm (1.0AUFS); (b) recorded at 254nm (1.OAUFS). 
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Table 1. Retention times and recovery of PCr and 
high energy phosphates 

Retention time Recovery' 

Samples (rnin)' ( w / g  dry WY 

PCr 4.0 f 0.9 32.5* 1.3 
AMP 5.5* 1.1 1.5i1.1 
ADP 8.5 * 0.3 4.6 i 0.2 
ATP 16.510.5 21.5 f 1.3 

a based on standards. 

mental). 

b .  in freeze-clamped rat myocardium (see Experi- 

n =4, numbers are isn. 

Repeated injections of specimens from the same myocar- 
dial extract gave almost identical peak heights and the 
peaks were identified by comparing their retention times 
to those of the reference compounds (Table 1). 

Figure 1 (a-b) shows representative chromatograms 
showing the separation at 210 nm (a) and 254 nm (b) of 
PCr, AMP, ADP and ATP. Figure 1 (c-d) shows buffer 
blanks monitored at 210 nm (c) and 254 nm (d). 

Figure 2 (a-b) shows the chromatogram of a rat heart 
extract recorded simultaneously at 210 and 254 nm. The 
major peaks in the extract are PCr, AMP, ADP and 
ATP. Some of the peaks observed at 210 nm originated 
from the buffer system. 

Thus, the method developed was successfully applied 
to measure the concentration of PCr and adenine nucleo- 
tides in normal cardiac tissue. The stability of PCr and 
adenine nucleotide standards and lyophilized tissues 
was established to be stable over a period of 24 h if 
stored at -80 "C. The quantitative results obtained by 
this method in isolated rat myocardium (Table 1 )  are 
consistent with those previously published (Sellevold et 
aL, 1986). The authenticity of ATP, ADP and AMP was 
also confirmed by 3'P-NMR (unpublished results). 
When measured at 210nm, two positive and negative 
peaks are seen in the buffer blank. These peaks do not 
interfere with the analysis. PCr, AMP, ADP and ATP 
can be measured by this method at 210nm while only 
AMP, ADP and ATP can be measured at 254 nm. Thus, 
if only AMP, ADP and ATP are to be measured, 254 nm 
would be a better choice as it reduces the interference 
and additional peaks resulting from unknown com- 
pounds present in the tissue extract. We conclude that 
this dual-wavelength recording method offers the advan- 
tage of accurately quantitating high energy phosphates 
in myocardial tissue in a single run. 
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