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Determination of Creatine Phosphate Levels in Brain Tissue by Isocratic 
Reverse-Phase, Ion-Paired High-Performance Liquid Chromatography 
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The utilization of isocratic, reverse-phase, ion-paired high-performance liquid chromatography 
for analysis of creatine phosphate allows for rapid quantification of multiple samples. Cryogenic 
sample handling and the addition of ethylene glycol bis(j3-aminoethyl ether) NJ’-tetraacetic acid 
as a Ca2+ sequestering agent during perchloric acid extraction enhance maximal recovery of 
creatine phosphate from brain samples. Peak identification is supported by a complete enzymatic 
shift with a phosphocreatine kinase, hexokinase, and glucose-6-phosphate dehydrogenase system. 
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Creatine phosphate (Creatine-P)’ is an im- 
portant component of the brain energy state 
and a source of phosphate reserves during hy- 
poxia. Both autolytic (1,2) and hydrolytic (3) 
degradation of Creatine-P are well docu- 
mented even at - 10°C. Hence special care to 
prevent decomposition during sample prep- 
aration is necessary. 

Enzymatic procedures for determination of 
Creatine-P have been described by Lowry et 
al. (1) but these methods which involve mul- 
tiple enzyme systems with specific cofactor 
requirements are tedious and reactions must 
be carefully monitored. 

In reverse-phase, high-performance liquid 
chromatographic (HPLC) methods previously 
presented for the quantification of Creatine- 
P the authors were unable to demonstrate peak 
specificity by enzymatic shift (4). While 
Harmsen et al. (5) were quite successful at the 
separation and enzymatic peak identification 
of Creatine-P and the adenine nucleotides by 
anion-exchange HPLC, each sample run re- 
quired 28 min followed by a considerable col- 
umn regeneration time. Also, in the sample 

r Abbreviations used: Creatine-P, creatine phosphate; 
EGTA, ethylene glycol bi@-aminoethyl ether) NJ’-tetra- 
acetic acid. 

preparation methods utilized for HPLC anal- 
ysis of Creatine-P in cardiac tissue, there had 
been no addition of Ca2’ sequestering agent 
to prevent phosphate precipitation during 
neutralization of acid extracts ( 1,3). 

The following procedure describes a rapid 
method for analysis of Creatine-P, in brain 
tissue, by isocratic reverse-phase, ion-paired 
HPLC. 

MATERIALS AND METHODS 

Apparatus. A Waters M-45 solvent delivery 
system (Waters Associates, Milford, Mass.) 
and a Waters U6K universal injector were 
used in all experiments. Ultraviolet light-ab- 
sorbing compounds were monitored at 2 14 
and 254 nm with Waters 441 and 226 In- 
strumentation Specialties absorbance detec- 
tors, respectively. 

Chemicals. Tetrabutylammonium phos- 
phate was kindly donated by Roman Hawry- 
luk of Eastman Kodak Company, Rochester, 
New York. Creatine phosphate, glucose, 
adenosine diphosphate (ADP), and adenosine 
monophosphate (AMP) were purchased from 
Calbiochem-Behring, San Diego, California. 
Ethylene glycol bis(&aminoethyl ether) N,N’- 
tetraacetic acid (EGTA), ethylenediaminetet- 
raacetic acid (EDTA), and all other com- 
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pounds were obtained from Sigma Chemical 
Company, St. Louis, Missouri. 

Chromatography. Separations were per- 
formed on a Rainin (4.6 mm i.d. X 10 cm) 
Microsorb short-one, C- 18 column with 3-pm 
particles (Rainin Inst.) with a Brownlee (4.6 
mm X 3 cm) MPLC, RP- 18, 1 O-pm particle 
guard column (Rainin Inst.). A 1.3 ml/min 
(2700 psi) isocratic flow rate was used with a 
mobile phase which contained 1.2 mM tetra- 
butylammonium phosphate, 25 mM KH2P04, 
and 5% (v/v) acetonitrile, at pH 4.7. All so- 
lutions were filtered through Rainin 0.45pm 
nylon-66 filters. 

Sample preparation. Freshwater turtles, 
Pseudemys scripta, were anesthetized with 
pentobarbital (50 mg/kg) and immobilized 
with d-tubocurarine chloride (10 mg/kg). 
Plastic cups were placed over the animal’s 
head, and brains were frozen in situ with liquid 
nitrogen. Brain tissue was then removed 
from the skull and ground to powder under 
liquid NZ. 

Metabolite extraction was of a slight mod- 
ification of Lowry et al. ( 1). Tissue was thawed 
into frozen 3 N perchloric acid with 1 mM 
EGTA, at - 10°C. EDTA which is usually used 
as a Ca2+ chelator in sample preparation was 
replaced by EGTA because of interfering uv- 
absorbing peaks associated with EDTA (6). 

Samples were glass-on-glass homogenized, 
adjusted with distilled HZ0 to a final dilution 
of 10 vol (v/w), and centrifuged at -5”C, 
lO,OOOg, for 10 min. The supernate was neu- 
tralized with KOH and centrifuged again to 
remove pechloric precipitate. All extracts were 
immediately run on the HPLC for Creatine- 
P content while subsamples were frozen at 
-70°C for further analysis. 

RESULTS AND DISCUSSION 

Separation of Creatine-P, ,!3-NAD, AMP, 
creatine, and creatinine standards is presented 
in Fig. 1. A partial shift of the AMP peak with 
5’-adenylic acid deaminase (EC 3.5.4.6) to IMP 
(which coelutes with @-NAD) was achieved in 
samples. No effort was made to improve on 
the resolution of these compounds since they 
do not interfere with Creatine-P and many 
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FIG. 1. The upper trace is 2.5 pl of turtle brain extract, 
in 10 vol (v/w), detected at 214 nm and separated on a 
Rainin Microsorb short-one C-l 8 column with a Brownlee 
MPLC, RP-18 guard column. The lower trace is 2.5 pl 
of (1) 0.2 mM creatine and 0.2 mM creatinine, (2) 0.5 
mM j3-NAD, (3) 1.8 mM creatine phosphate, and (4) 0.05 
mM AMP standards. Mobile phase: 1.2 mM tetrabutylam- 
monium phosphate, 25 mM KH2P04, and 5% (v/v) ace- 
tonitrile, pH 4.7. Flow rate: 1.3 ml/min (2700 psi). 

superior methods for mono- and oligonucle- 
otide separation can currently be found in the 
literature (7-9). 

Figure 2 demonstrates the complete re- 
moval of Creatine-P by phosphocreatine ki- 
nase (EC 2.7.3.2) coupled with hexokinase (EC 
2.7.1.1) and glucosed-phosphate dehydroge- 
nase (EC 1.1.1.49). Final concentrations of 
enzyme system were 25 tnM Tris (pH 8.1) 5 
mM MgSO,, 0.5 mM dithiothreitol, 1 mM 
NAD+, 1 tnM glucose, 0.9 u/ml phospho- 
creatine kinase, 0.5 u/ml hexokinase, and 0.2 
u/ml glucose-6-phosphate dehydrogenase. 
None of the enzymes, cofactors, or products 
interfere with the Creatine-P peak. A peak 
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shift to creatine is observed (Fig. 2b) as a result 
of the phosphocreatine kinase action. The 
creatine peak is not quantifiable due to its 
questionable purity. 

An increase in AMP is caused by contam- 
ination from ADP and NAD in the enzyme 
buffer system (Fig. 2~). 

Brain Creatine-P levels for P. scripta are 
compared in Table 1. Percentage recoveries 
were performed by adding 2 mM Creatine-P 
standard to perchloric acid before tissue ho- 
mogenization. 

We believe that the method described here 
for Creatine-P analyses produces maximal 

FIG. 2. (a) Separation of 2.5 ~1 of turtle brain extract 
(20: 1 dilution, v/w). Chromatographic conditions are the 
same as in Fig. 1. (b) The complete shift of the creatine 
phosphate peak (CrP) in the brain sample extract to cre- 
atine (Cr) with phosphocreatine kinase and the enzyme 
system described in the text; final dilution of tissue 20: 1 
(v/w). (c) Enzyme system alone with AMP contamination; 
dilution of 1:l (v/v). 

TABLE 1 

TURTLE BRAIN CREATINE PHOSPHATE VALUES 

PCr urn/g % Recovery 

HPLC 
McDougal et al. (10) 
Clark and Miller (11) 

6.15 102 
5.8 - 
3.2 - 

values for brain tissue with each sample run 
complete within 7 min. Although Creatine-P 
is eluted after 12 min by the Harmsen et al. 
(5) gradient separation, the run is not complete 
for 30 min. After every gradient run the anion- 
exchange column must be regenerated and 
equilibrated with solvent A. No column re- 
generation is necessary with our isocratic ion- 
paired system. Another sample can be injected 
every 7 min; hence, a large number of samples 
can be rapidly examined and the HPLC 
method could easily be automated. 
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