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SUMMARY

A high-pressure liquid chramatographic procedure for the selective determination of
adenosine in the presence of other nucleic acid components is reported. Reversed-phase
microparticle columns and an isocratic elution made of dilute potassium dikydrophosphate
and anhydrous methanol were used. The analysis is specific for adenosine and is achieved in
less then 10 min. An example of the use of this analysis in a2 biomedical study is reported.

INTRODUCTION

The analysis of nucleotides in blood is now being carried out routinely by
high-pressure liguid chromatography (HPLC) [1—7}, and work is in progress
to determine alterations caused by variocus disease states of free nucleatide con-
centrations in physiolagical fluids and cell extracts {8--11]. Less attention has
been paid to nucleoside levels in cells. However, recent investigations have
focused attention on nucleosides in cells [12,23,39,40}, and especially on
adenosine concentrations which have been found to be important in cardiac
disease and certain birth defects. Adenosine is one of the physiological regula-
tors of coronary blood flow and it has been observed that there is an increase in
intracelular adenosine levels in cardiac hypertrophy and after brief periods of
myocardial ischemia and hypoxia [14, 15]. It has also been found that excess
adenosine in cultured mammalian cells is toxic [16] and it has been postulated
that scvere combined immunological defects in children, in some instances, gre
caused by an accumulation of adenosine which is a result of an adenosine
deaminase deficiency [17]. In addition, although adenacsine has potentis!l for use
as & preservative in blood storage [ 18] and in the treatment of the Lesch Nyhan

‘syndrome, its use has been limited because of possible toxic effects.

Research on problems involving adenosine has beent hampered by the lack of
‘an -adequste analytical method which permits the sensitive and quanfitative
anslysis of adenosine in the presence of other UV-sbsorbing compounds pres-

" ent in cellular extracts. Therefore, the objective of this research was to develop




a rapxd procedure for the selective dete:mmatxon of adenosine. Since HPLC is
vniquely suited for nucleotide and nucleoside analyses [19—37] various modes
of this technique were investigated for use in an adenosine assay. It was found
that the reversed-phase partition mode provided the required efficiency and
selectivity using totally porous, chemically bonded microparticle packings.

EXPERIMENTAL

Chemicals

The potassium dlhydrophosphate was from Mallinckrodt (St. Louis, Mo.,
U.S.A.), reagent-grade quazlity, and was used without further purification. The
methanol was reageni-grade, anhydrous. The nucleoside standards: Cytidine
(Cyd), Uridine (Urd), Thymidine (dThyd), Adenosine (Ado}, Guanosine (Guo),
Inosine (Ino) and Xanosine (Xao), their nucleotides and their bases, were from
Sigma (St. Louis, Mo., U.S5.A.).

Apparatus

A liguid chromatograph (Waters Assoe., Milford, Mass., U.S.A.), Model ALC
202 with a2 double-beam micro-UV-detector operating at a fized wavelength of
254 nm was used. The instrument was equipped with duzl pumps and solvent
programmer. For the Ado analysis however, cnly a single M6000 pump was
used in the isocratic mode. The column (30 cm X 4 mm) was packed with
uBondapak C,, (Waters Assoc.). Integration was done electronically using a
Hewlett-Packard Model 3380A integrator.

Procedures

The distilled water used in preparing the eluents was first filtered through a
Millipore filter, type HA (pore size, 0.45 gm}. The pH of the buffer solutions
was adjusted with H, PO, to 5.8, prior to the addition of methanol. In order
to dissolve the nucleosides, the standards were made up in 0.607 F KH, PO,
{(pH 7.8). After the standards were dissolved, the pH was adjusted to 5.8
and the solution brought up to volume.

Operating conditions

The operating conditions were opt:zmzed to obtain z selective anzalysis for
Ado in the presence of other naturally sccwrring nucleosides, nuclectides and
their bases. The eluent used was 2 solution of anhydrous methanol—0.007 F
KH,PO;, pH 5.8 (10:99 v/v). The temperature was ambient. The ficw-rate was
2.0 ml/min, which produced a pressure drop of spproximafely 1500 p.i.
Injections of the samples were via the Waters’ U6K injector (& modified sample-
loop type of injector). Hamilton syrmges (IG -25 or 100 y%} were used to inject
the sample volumes. - - ’

Cell extraction pmcedures : ‘ -

The extraction ‘procedure used: for the biccd samples iz t&at deecnbﬁ by
Ehym [38]. In this procedure, 1 ml of the sample was dengtured by the addi-
tion of 2 mi of cold trichloroscetic acid (6% by weight). After’ mixing vigor- .

cusly using a vortex mzxer, i:he sampie was centnfuged for 3 mm a$ 3609 Es and
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fltered through a Millipore filter. A I-ml aliquot of this solution was added. to 1
mi of ri-N-octylamine—freon 213(1,1,2-trichlorotriflucroethane) (0.5 Af). After
mixing 3—4 min and centrifuging for 3 min at 3600 g, the top layer was with-
drawn and stored at —4°.

To determine the efficiency of recovery, the extraction procedure was
carried out oen 5 samples of serum to which known quantities of Ado were
added. Recovery of Ado averaged 97%.

RESULTS

Separction of adenosine

Fig. 1A shows the resolution of Ado from 6 other nucleosides {Guo, Ino,
Xao, Cyd, Urd, dThyd). These 6 nucleosides eluted within 5 min while the
Ado pezk is completely resolved. In the chromatogram of Fig. 1B, Ado and the
other 6 nucleosides were co-injected with 5 nanomoles each of the bases of these 7
nucleosides. In Fig. 1C, 5 nanomaoles of each of the mono-, di- and triphosphate
nucleotides of these 7 nucleosides were co-injected with both the nucleosides
and bases. These nucleic acid components, which may be found in blood ex-
tracts, did not interfere with the Ado peak.
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Fig. 1. (A) Sepamhon of 5 nanomaoles each of the 7 nucleacides cytidine, uridine, thymidine,
gusnosine, inosine, xanthosine and adencsine {Ado}). ¢B}. Co-injection of 7 nucleasides with
5 nanomoles each of the bases of these T nuclecsides. (C} Separation of Ado from 5 nsna-
moles esch of the nucleosides, the bases and the mono-, di- and tri-phosphate nucleotides of
the 7 nuclecsides. Column packing, sBondapek C,, ; temperature, ambient; detector sensitiv-
ity, 0.02 2u.fs.; integrator setting $2. Eluent, anhyd. methanol—0.007 F KH, PO, (pH 5.8)
{10:80}. Flow-rate, 2,0 mi/mir. )

Sensztw:ty and mproduc:&z‘lity
- - The lower limit of detection for Adoina given chromasatographic system will

* depend upon the detector sensitivity. noise levels and column efficiency. In
. the systems used for this study, .50 picomoles of Ado was readily detected (Fig.
. 2A). The peak shape remained constant up fo 100 nznomoles (Fig. 2B). Excel-
;{{Eam{; repmducibzkty*ot :eientaon &mes and area. was obtained. The reramei




gtandard deviation of the retention time for 5 consecutive injections of stan-
dard soluticns of Ado averaged 0.13%, while the peak area precision averaged
0.46%.
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Fig. 2. (A) 5.0 10%! moles (50 picamoles) of {(Ado). Integrator setting, 1. (B) 1.0xX107
moles (100 nanomoles) of Ado. Integrator setting, 512; fusther conditions as in Fig. 1.

k]
Applications ?

Working in conjunction with Dr. Hilaire Meuwissen of Albany Medxcal Col-
lege -of Union University, we studied blood samples from a patient suffering
from an adenasine deaminase deficiency with severe immuneclogical defects
along with normal control subjects. No free Ado was detected in normal human
whole blood, erythrocytes or serum. However, in 3 serum samplss taken at
different time periods from the patient with the enzyme deficiency, 45 and 55

" picomoles of Ado were readily detected. Two of these serum samples (Nas. 7
and 8) are shown in Fig. 3. Sample No. 10 of Fig. 3 shows a comparable serum
sample of 2 control subject in which no Ado is found.

For positive identification of the peak with the retention time of Ado in the
biological samples two techniques were used: standard addition ang the en-
zymatic peak-shift. For the standard addition method, 5@ picomoles of Ado
were co-injected with the cell sample (Fig. 4B). In the enzymatic peak<hift
technique, adenosine deaminase, which eatalyzes the conversion of Ado toIno,
was used (Fig. 4C). With both standard solutions an4 cell extracts, the Ado was
quantltatwely converted to Ino. In addition to identifying the Ado, this tech-
nique showed that the Ado eluted free of any other UV-absorbing compound
in serum; thus accurate quantitation of the Ado ccmld ‘be achieved with no
errors caused by co-shiting compouacis

DISCUSSION

This analyszs of. adenosme usmg metse&phase HPLC offezs a&vaniaga overr
methods previcusly used. Rapid znalyses can be achieved’ &t ambient temper-
- afures with sensitivily, selectivity and- efﬁcxencg. “The results are quanatame;'
nd other Uv-absorb.ng constmzents in ce.iu!m- ex!:ac&s e‘:e not mterfez& thh
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Fig. 3. Samples Nos. 7 and 8, 50 1! of serum extract from two patients suffering from
sdenosine desaminase deficiency. 45 and 55 picomales are contained under the adenasine
peak of sample numbers 7 and & respectively. Sample No. 10 shows the injection of 50 [}
of serum extract from a control patient. Integrator setting, 2; further chromatographic con-
ditions as in Fig. 1.
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Fig. 4. Identification of Ado.(A) 5¢ ul of serum extract from an adenosine deaminase pa-
tient. (B) Co-injection af 50 picomoles of Ado with the serum extract. (C) Originat cerum
extract after reaction with the enzyme, adenosine deaminase, Conditions as in Fig. 3; Peak 1,
nat identified. v

the adenosine analysis. Minimal sample preparation is required prior o Fﬁtd!:ﬁ&-
 tography. Since the isocratic elution mode was used, no re-equilibration time
was required between analyses. Thus the overall analysis fime was shorter than

the time necessary for an anaiysxs in which gradient elution is used. In additon,
. with isocratic efution, it is easier to automate the procedure and therefore this

- _method’ Bas poteatxai for use in the clinical Iaboratory with a Iarge number of
. samples. - ‘Furthermore, because the eluent is composed of a very weak salt
soiumm ancE methano! the solvent can. zeadﬂy be remeved after fractions are _




collected. Using the enzymic peak-shift together with retention times and the
standard addition method, the adenosine pezk can be positively identified. The
enzyme used in this peak-shift, adenosine deaminase, is commercially available
and is inexpensive. We found that the reversed-phase chemieally bonded micro-
particle columns were very stable and the chromatograms highly reproducible
over z period of time. Columns have been used continuously in our laboratory
for 6 months with no loss in efficiency. However, if the retention time or the
resolution of adenosine is found to shift with time, it is possible that organics
from the eluent or the samples are being partitioned into the stationary phase.
In such cases, the column ean be cleaned with methanol or some moderately
polar solvent. It should be noted that retention characteristics may vary
slightly from baich to batch or from different manufacturers. Thus the con-
ditions for this analysis may be used as a guide-line, but conditions should be
optimized for each column to obtain the best analysis.

Although the results presented here were achieved using a Waters yBondapak
C,a column, similar results were obtfained in our iaboratory using Whatman
Partisil 10-ODS and DuPont ZorbaxTM ODS columns on a2 PuPont Model 830
liquid chromatograph.
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