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SUMMARY 

A kigk-presume liquid ckmmatograpkic procedure For the selective determination of 
acienuske in the presence of other nudsic acid companents is reported. Reversed-phase 
microparticle columns =d an isocratic elution mode of dilute potassium dikydm~kospkate 
and ankydrous methanol were used. Tke anafpsis is specific for adenosine and is achieved itx 
less tkaa 10 min. An exampie of tke use of this analysis in a biomedical study is reported. 
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INTRODUCTEON 



a-rapid procedure for the seleee de&_ mGn&ion of adenffsine. Since HPLC is 
rm&pdy suited for nucledide and nucleoside analyses [19-373 various modes 
of this technique were investigated for use in an z&u&e assay_ Et was found 
that the reversed-phase p&&&an mode provided the re@.red ef&iency and 
s&6v%y using totally porous, chemically bonded microparticle packings 

The potas&m dihydxophosphate was from MalEnckrodt (St. Louis, MO., 
U-S-A.), ragent-grade qu&tyV and was used without further purification. The 
methanol was reagen&me, anhydrous. The nucl.e&de standards: CZyti&ne 
(Cyd), Utidliue (Urd), ‘I%ymidine (d'lkyd), Adenosine (Ado), G-o&e (Guo), 
Inosiue (ho) and Xanosiue (Xao), their nucleotides and their bases, were from 
sigmz (SL F&ai.s, MO., U.S.A.). 

A &pi.d chroma~graph (Waters Assoc., Milford, Mass., US-k), Model ALC 
202 with a doubl&eam tier+W4etectar operktig at a fixed waveEen@ of 
254 run was used. The instrument was equipped with dual pumps and solvent 
programmer. For. the Ado zmalysis however, only a singte.M6OOO pump was 
usedinthe isoc&ic mode. The cohmux (30 cm X 4 mm) .was packed with 
PBondapak CIa (Waters Assoc.). Integration was done electronically using a 
Hewlett-Packard Model 3380A integrator. 

Fro&duns 
~e~~~~~inpre~g~eel~~was~~~~ugha 

hlillipore hfte.r, type HA (pore size. 0.45 pm). The pH of the buffer soh~tious 
was adjusted with .&PC& to 5.8, prior to the addition of txdhand In order 
TV dissolve the nu&asides, the &ndards were made up in 0.007 F KHzPOe 
(pH 7.8). Aff the Standards were dissoived, the pH was adjusted to 5.8 
and the solution brought up t-0 vohsxe. 



RESULTS 

Fig. 1A shows the resolution of Ado from 6 other nuckosides (Guo, IRO, 
Xao, Cyd, Urd, dThyd). These 6 nuckosides efuted within 5 min while the 
Ado peak is compbtely resokd. In the &romatogram of Fig. lB, Ado and the 
other 6 nucleosides were co-injected with 5 nmoruoles each of the bases of these 7 
nucleosides. Zn Fig. XC, 5 nanomoks of each of the mono-, di- and triphospbate 
nucleotides of these 7 nuckosides were co-injected with both the nuckosides 
and bases. These nucleic acid components. wbieb may be found in blood ex- 
tracts, did not interfere v&h the Ado peak. 
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Fig. 2_ (A) 5.0~10~' moles (50 pkQIxxoks) OT (Acio). izzte@zao~ set. I..(B) 1.0x LO4 
DX&S (LOO nanome!es) of MO. Integrator setting. 512; further canditktn5 as in Pig. I. 



Fig. 3. Samples Nos. 7 and 8. 50 VI of serum extract from two patients suffering from 
sdenasine demGnase deficiency. 45 and 55 picomoks are contained under the adenusine 
peak of sample m~~~bezs 7 and 8 respectkeiy. Sample MO. IO shows the iqjeetion of 50 pl 
of semm extract from a control patient. Integat~r setting, 2; further chromatographic con- 
ditions as In Hg. 1. 
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Eg. 4. Edejitifieaian of Ado.(A) 50 fll of serum extract fmm .zn adenasine deaminase pa- 
tient. (B) ~-i&eCtiCXE Of 50 FiCOmOh?S Of RdO with the 6eNU3 e*h7Ct. (c) %ginZd 8ek-UEI 

extract after reactian a-ltb the enzyme, ~demxine deamhase. Candftions as in Fig. 3; Peak I, 
not identified. 
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,cO~~~ted. Using the eaqmie peak-sprift togethhep w&h WXZ&~OEI ~&ES and the 
sf;andard addition method, the adenosine peak can be pasitiveiy identified. The 
enzygte used in this peak-shift, adenosine deaxninase, is commercially available 
and is inexpensive. We found that f&e reverse&phase eh&&y b5~1ded III&O- 
particle cohmns xere very stable and the chromaiograms highly reproducible 
over 8 period of tie. columns have been used confinuousby in aur laboratory 
for 6 months with no loss in efficiency. However, if the retention time or the 
resolution of adenosine is found TV shift with time, it is possible that organ& 
from the eke& or the samples are being partitioned into the stationary phase. 
In such cases, the cohmn can be ckm~ed with methanol or some moderately 
poIar solvent. It should be noted that retention charactmistics may vary 
&ghtiy from batch to batch or from diiferent manufacturers. Thus the con- 
ditions for this amlysis may be used as a guideline, but conditions shouid be 
optimized for each column to obtain the best analysis. 

Aihough the ESU&S presented herewere zehiewed using a Waters @ondapak 
Cl8 cohmn. similnr results were obtained in our k&m&my using Whatman 
Partis 1O-ODS and DIIBXI~ !Zorba~~~ QIIS colunms OR a.DuPont Model 830 
liquidcfihomatogmph. 

The authors thank Waters Assoc. for the use of the Wa&rs ALC 202 liquid 
chromatograph, the DuPont Company for the use of the DuPont 830 in&u- 
ment, Dr. Hilaire Meuwissen of Albany &d.icat GolIege of Union Univetib for 
the serum ssmpks from the adencrsine deamlnase deficient patient, Ant.& 
Krstiovic .for the work v&h the enzymatic peak&t technique and Dorothy 
Morancy and Roberta C&dwell for their zssistarice with this manuscript. 

This work is b&g supported by Grant CA8M-17603.01 from the United 
States Public Health Service. 

REFERENCES 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
IIt 
12 



. 

R. Rubio zul R.M. Beme, @ix Res., 25 (1969) 407. 
EL MGi & M. Green. 6. Cell Sci. 13 (1973) J_. 
I-L Green. in I-U. Weowfsen et sl. (editors). Combined Immcnodeficiency Disease 
and Adenoshe Ikzmirrase Deficiency. Amddc FESS, New York, L9'PS. 
c‘. Bishcsp and D.?& Surgenor, Tne Red Bbsad &[I. Academic Press. New York. 2964. 
pp. 173-175. 
C.G. Hots-at& and S-R. Lipsky. And. Chem., 4X(1969) 1227. 
P.R. &xv-n, S. Bobick and FL Hanfey. 2’. Chromatqr., 99 (1974) 537. 
N.G. Anderson, AI&. Biocfwn.. 4 (1962) 269. 
M.6. And2rsan, J.G. Green. ML. Barber arrd L.C. Iadd, A&. Biochem., 6 (1963) 
153. 
EM_ S&&r, P.R. Brown and R.E. Parks, Jr., Cancer Res., 32 (1972) 259. 
P.R. Brown, R.P. Agumai, J. GelI and R.E. Parks. Jr., Campr. Bidem. Pfiysiol., 43 
(1972) 891. 
M. Uziel, CX. Koh and W.E. C&n, Anal. Biochem., 25 (1968) 77. 
R.P. Singhdi and W-E. Cohn, AnsL BiocheaL, 45 (Y-972) 585. 
W.E. Cohn, Science. 109 (194s) 377. 
P. Reichard and B. Estbam. Ach Chem. Sutnd.. 4 (1950) X047. 
6-F. Cramptoo, F.R. Fmenkel, A.&%. Benson end k Wade, AI&. Biachem., L (1960) 
249. 
M. Uziel and 6. Kok, J.~&oKx&J~~., 59 (1971) 188. 
F. Mumkami. S. Rokushi and H. Efatimo. J. Chrom&ogr.. 63 (1970) 584. 
6.D. Scott, R-L. doI!ey and W.F. Johnson, Amer. d. Cfin. PathoD.. 53 (1970) 701 
J-E. Mrochek, W-6. Butts. W.C. Rainey and CA. Burtis. Cih Chem.. 17 (1971) 12. 
C.D. Scott, D.D. chilcote and N.E. Lee. Anal. Chem.. 44 (1972) 85. 
F.R. BIattner and HZ. EZrickson. Am& Bicehem., 18 (1967) 220. 
H.J. Bzeter and RX. Z&n. AI&. Biochem., 54 (1973) 346. 
M. Cxrara and 6. Bemerdi. Biachim. Biopbys. AC& 155 (1968) 2. 
J.X_ EZsym, C&L C&m., 21(P976) 1245. 
DC. Tomey, TP. Walka. D. Akmamn. C-W_ Gehrke, RW. Zumwdt, J. Snyder and 
H. &nsen. 6ancer. 35 (1475) 1a95_ 
T.P. Wzudkes, C-W_ Gebke. R.W. Zumaalt. S.Y. Chang. D-B. hkings, D-C. Tormey. 
D.L. Ahmann and C.G. Moertel, Cai~cer, 36 (1975). 

15 
16 
LO 

f9 
20 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 

:: 
33 
34 
35 
36 
37 

3”: 

40 


