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SEPHADEX G-IO ADSORPTION CHROMATOGRAPHY OF PURINES AND 

RELATED COMPOUNDS 

LAWRENCE SWEETMAN AND WILLIAM L. NYI-IAN” 
Defaadmenls of Ri~clwnzislry and Pdatvics, U7aivevsity of Mianai School of iwedicim, 
M?:ami, Fla. (USA .) 

(Reccivecl Scptembcr 2Stl1, 1967) 

Sephadex G-IO adsorption chromatography was investigated in a search for 
means of analyzing and isolating the purines of human urine and other biological 
fluids. Available methods of anion and cation exchange chromatography ,do not 
adecluately separate the different methyl isomers. Paper chromatographic systems 
are not capable of separating the large quantities needed for determination of the low 
specific activities expected after i?z viva radioactive tracer studies, 

Adsorption chromatography of aromatic and heterocyclic compounds, including 
many purines, was first investigated on Sephadex G-25 by GELOTTE~. These studies 
were extended by ZADRABIL et aZ.2 and ~XOHN AND POLLMRN~, but they were applied 
only to the common bases encountered in the nucleic acids, nucleosides and nucleo- 
tides. 

For the study of the separation of purines, Sephadex G-IO was chosen because 
the higher mass to volume ratio of this gel than those of G-25 and G-50 would be 
expected to increase greatly the magnitude of adsorption, provided the smaller pore 
size did not exclude the molecules. Excellent separations of many purines were 
obtained under appropriate conditions of pH, ionic strength and flow rate. Analytical 
and preparative applications were investigated and a relation between elution volume 
and purine ring substituents was found. 

METHCDS AND MATERIALS 

Pre~nration of Se$hadex G-IO coZamm 
Sephadex G-IO (water regain 1.0 & 0.1 g/g; particle size 40-120 p) obtained 

from Pharmacia was suspended in distilled water overnight then rinsed in succession 
with several volumes of the following solutions by suspension, settling, and decan- 
tation: 0.1 N NaOH, distilled water, 0.1 N HCl, distilled water, 0.1 N NaOH, and 
twice with 0.05 M sodium phosphate buffer, pH 7.0. After deaeration under aspirator 
vacuum for 30 min, a I : I slurry of the prepared gel in the buffer was poured into 
the column, In early studies, a 0.9 x IOO cm column was used which was made from 
glass tubing with a porous polyethylene disc at the bottom. In the later studies a 
I x IOO cm IX13 column was used also with a porous polyethylene disc. After the 
gel had settled under buffer flow (3-4 p.s.i. pressure) for several days, excess gel was 
removed from the top and a porous polyethylene disc placed on top. 
-- 

* This investigation was supported by Public Health Service Research Grant No. I-ID o2Gog ancl 
Training Grant No, Tl I-ID IG from the National Institute of Child Health and Human Development. 
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Regeneration was not necessary after use of the colunn for most runs. Ex- 
ceptions were urine in which case strongly adsorbed components would appear in the 
following run, and before separations involving uric acid where it was necessary to be 
certain uric acid degrading bacteria were removed from the column. Regeneration 
was done with several column volumes of 0.05 iV NaOH followed by pH 7.0 buffer. One 
column was used for more than a year without loss of resolution; the top few centi- 
meters of gel were replaced when, they became discolored as was the polyethylkne 
disc when it became clogged. 

Colaman accessories 
The ultraviolet absorbance of the effluent from the column was monitored 

with a Vanguard Automatic U,V. Analyzer and the fractions collected. In early 
studies constant flow rate was maintained with applied air pressure, but with the LKB 
column a Beckman Accuflow pump was used. The column was eluted with 0.05 M 
NaH,PO, buffer adjusted to #I 7.0 with NaOH. Purines and related compounds 
were obtained from various commercial sources except for 1,7-dimethylxanthine, 
2-dimethylamino-6-hydroxypurine, azsthioprine, allopurinol and alloxanthine, which 
were generously provided by Miss GERTRUDE ELION of Burroughs Wellcome. 

Samples of known volume were applied on the column and rinsed in with a 
small volume of buffer. The elution volume (V,) was determined from the time of 
application of the sample to the center of the peak on the chromatograph. No correc- 
tions for detector dead volume (1.4 ml) were made. The column volumes were deter- 
mined with a solution of dyed blue clextran (Pharmacia) (0.04 %, w/v) and acetone 
(0.6 “/b, v/v) recorded at 260 m,u. The dextran (molwt. 2 x 100) provided the void 
volume (V,) or the volume outside the gel beads. The acetone (molwt. 58) gave the 
void volume plus internal volume (V, + Vg). The internal volume v/‘s = I/, (acetone) 
-‘v, gave the volume of liquid within the gel that was accessible to small molecules. 
Adsorbed compounds had elution volumes greater than acetone. 

RESULTS 

The column was eluted with 0.05 M NaCl as described by GELOTTE, who had 
shown that anions were excluded from Sephadex G-25 at lower ionic strengths, 
presumably because of the small number of carboxyl groups in the matrix (about 
IO microequivalents per gram dry gel*). The influence of the ionic strength of the 
eluate on the elution volume of uric acid, an anion above p1-I 6 (acidic plr’ = 5.4) is 
shown in Table I for the 1.0 x IOO cm column. Hypoxanthine, xanthine, guanine 
and adenine each had a specific elution volume. These elution volumes were identical 
in either 0.05 M NaCl or 0.05 M phosphate. This indicates that for neutral molecules, 
elution volume is independent of ionic strength. 

To determine the e,ffect of pH on elutionvolumes, the following buffers were used 
with the four purines of major interest on the o,g x IOO cm column (Table II). 

The only large change in going from pH 7 to 5 occurred with adenine,‘which is 

l Prom PhsLrmacia literature. .; 
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TABLE I 

EFFIXT OF ELUENT IONIC STRENGTH ON ELUTION VOLUME OF URIC ACID ON SEPHADEX G-IO 

EEuent (ah? pW 7) ronic stvfmgtlt va 
(ca2c.) (m0 

0.05 M Phosphate 0.080 
Dcxtran 32.5 
Acetone GL.0 

1Jric acid 171.0 

0.05 M NaCl 
Uric acid 

0.001 M Phosphate 
Uric acid 

Distilled water 
Uric acid 

0.050 
115.0 

0.002 
52.0 

0.000 
50*5 

the only purine with a basic pK close to 5. Apparently protonation decreases adsorp- 
tion. At high pH, adsorption was almost totally lost for all four purines, probably due 
to competition by hydroxyl ions, which are known to be adsorbed to Sephadexl. 
That this low level of adsorption is not due to the fact that the purines are in an ionic 
form, is indicated by the considerable adsorption of uric acid (V, = 171 ml) at pH 7 
where it is anionic. 

Phosphate buffer at 0.05 M, pH 7.0 was chosen for standard elution. Most 
purines are unionized at this pH and at higher or lower pH, the adsorption of some 
purines was, decreased. The ionic strength was sufficient to prevent exclusion of 
anions. The buffer is transparent in the ultraviolet. Fig. I shows the elution chromato- 
gram at 260 rn,~ for the major purines and pyrimidines on the 1.0 x IOO cm column 
of Sephadex G-IO eluted with 0.05 M phosphate, pH 7. 

Fig. 2 is a composite chromatogram of the elution profiles of the methylated 
xanthines, showing that methyl groups reduce’ adsorption of the compounds to 
Sephadex G-IO. Although 1,3-dimethyl- and x,7-dimethylxanthine have the same 
elution volume, they can be readily distinguished by their ultraviolet spectra in basic 
solutions. x,3-Dimethylxanthine has a il mccx at 278 rnp and r,7dimethylxanthine has 
a ama, at 290 mp. 

TABLE II 

THE EFFECT OB ELUENT pH ON ELUTION VOLUMES OF PURINES ON SEPHADEX G-IO 

PrJ Bu&Y VC (ml) 

IJrpo- Xanthiwe Guaninc Adenine 
xantlcilre 

5.00 0.05 M NH, acetate 101 
7.00 0.05 M Na phosphate I01 

10.31 0.05 M Tris 27 
Basic pX* 
Acidic pK l 2,” 

* Obtained from Cal Biochem Data Sheet. 

144 18G 198 
=4o 178 229 

42 53 78 
0.8 3.3 4.2 
7.4 9.2 9.8 

Jo Cizr?matog., 32 (1968) 662-675 



ADSORl?TlOti CHROMATOGRAPHY OF FURINISS 665 

I 

$5 Hi*- 
._ 

w 

l5g V 
-s 

0.2*- 

e ._ 
%. 0 - 

0 50 100 150 200 250 300 
Effluent volume (ml 1 

Fig. 1. CllromaLogrsm of purincs and pyrimidines on zoo x I .o cm Sophadex G-IO. 
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Fig. 2. Composite chromatogram of mcthylxanthines on zoo x 1.0 cm Scphaclex G-IO. 

SeZectios of flow rate 
On the 0.9 x 100 cm. column there was a linear relationship between applied 

air pressure and flow rate over a range of o-6 p.s.i. and 19.1 to 82.7 ml/ems/h. A 
solution of hypoxanthine and adenine was chromatographed at these two flow rates 
and the height equivalent to a theoretical plate (HETP) calculated from the band 
spreading according to* : 

IJ = S-54 
[_ 

elution volume (ml) 2 
wiclth at 112 height (ml) I 

where H equals the number of theoretical plates in the column and HETP = (column 
height in cm)/H. These data are shown in Table, 111. The ratio’(HETP high flow)/ 
(ELETP low flow), was 2.50 for hypoxanthine, and 1.75, for adenine, Therefore, the 
column was approximately twice as eff?cient ’ at .the lower rate, and peaks were 
sharper. With’ the installation’ of the’ constant ‘flow pump; a flow rate of 24.4 nil/dms/h 
was used, with ‘a back pressure ‘of 3,s p.s.i; A ‘complete chromatograph was obtained 
in 24 h at this flow rate. 

‘, .., 

J. C/m~malo~., ‘32’ (1968) 662475 
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TABLE III 

EPFECT OF FLOW RATE ON THE EFFICIENCY OP 1.0 X 100 CIXl G-IO SEPI-IADEX COLUMN 

82.7 IO1 III 0.90 222 I44 0.70 
19. I IOL 276 0.36 222 252 0.4.0 

Recovery 
The recovery of chromatographed purines was quantitative. Recoveries of uric 

acid are shown as an example in Table IV. Immediately before each run, the column 
was rinsed with 0.05 iV NaOH followed by pH 7 buffer. The fractions were collected 
under toluene to protect uric acid from degrading bacterial contamination. The uric 
acid was assayed in the fractions by the enzymatic spectrophotometric methoda, and 
the radioactivity was determined by liquid scintillation counting in a dioxane- 
naphthalene mixture. The values were well within the limits of the assay methods, 

TABLE IV 

RECOVERY OP URlC ACID FROM I.0 X 100 Cm SEPWhDEX‘G-IO COLUMN 

Sump Ze 

Urate Z-W, I.0 ml in 0.1 N Li,CO, 
Z-W, Urate 1.0 ml in 0.1 N L&CO, 

Mean 

Applied 
(mg) 

I.68 
1.038 

Recovery 
(%) 

98.9 
99.9 

-- 

99.4. 

A p$lied Recovery 
(mp curies) (%) 

II.04 96.3 
8.944 101.8 

99.0 

Urine, 4.0 ml 0.652 100.9 

Urine, 5.0 ml o-732 93.3 
Urine, 8.0 ml 0.783 104.4 
Urine, 5.0 ml o* 793 102.7 

Mean 100.0 99.0 
SD.” 4.4 4.9 

a S.D. estimated from range by S.D. I range/C where C equals a constant depending on the 
number of determinations given in table in ref. 5. 

Re$woducibility of chromatogvag!d~ic $osition of ehlion 
Volumes were determined from time of sample application and every fifth 

fraction was collected in a graduated centrifuge tube to check for constancy of flow 
rate. Samples were applied to the 1.0 x IOO cm column in 1.0 ml of 0.1 N Li,C03. 
Table V illustrates the elution volumes of four purines at various times over a 5 month 
periqd .after the column. was prepared, 

Over a period of. one year, nine 1.0 ml samples of uric acid in O,I N Li,CO,, 
0.05 M phosphate, or urine were chromatographed. The .mean elution volume was 
171.0 IJIJ with a standard deviation of 2.4 ml estimated from the range. Similarly, in 
chromatography of five urines of 45 ml (pH ~-IO), the mean elution volume of uric 
acid was .171.1 rizl with an estimated standard deviation of 4.7 ml. 

J. ,Ckrqmatog,, 32 (1998) 662~975, 
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TABLE VI . . 

BLUTZON VOLUMES OF PURINES AND RELATED COMPOUNDS 

Compozind V. (ml) T/‘o” Log V,O 

P9.i.y~:I?.I?.C 
I _r I*__” 

G-Succinosminopurine 
G-Trimethylammoniumpurinidc 
z-Mcthyladcninc 
z-Hydroxypurinc 
G-Carboxypurine 
g-Mothylhypoxanthine 
Caff cinc 
Adenine-l-N-oxide 
1-Mcthylhypoxanthinc 
7-Methylhypoxanthine 
Theobromine 
6-Chloro-g-mcthoxymethylpurine 
Purine 
I., 7-Dimothylxanthino 
Theophylline 
Wypoxanthine 
G-Mclhylpurine 
7-Methylxanthine 
G,8-Dihydroxypurine 
lsoguanine 
r_lw+L~I-,.l..^-L%J~= 1. ~“&~t,llyJzcti,LL.111~1~ 
Ns-Dimethylguanine 
r/-M&hylguanine 
Xanthine 
6-Methoxypurine 
z-Methylguanine 
Uric acid 
8-Hydroxy-7-methylguanine 
Ns-Methylguanine 
&Aminopurine 
Guaninc 
6-Chloropurine 
8-Hydroxyguanine 
6-Mcthylaminopurine 
Adenine 
6-Mercaptopurino 
6-Bromopurine 
6-Dimethylaminopurino 
6-Cyanopurine 
6-Methylmercaptopurine 
Imuran (Azathioprine) 
6-iodopurine 
z,6-Diaminopurine 
6-Thioguanine 
6-Furfurylaminopurine 
6-Phenylaminopurine 

Puvinc ribosides, dcoxyvibosides and 
ribonucEeolidcs 
7-Methylinosine 
5’-GMP 
2’,3!-AMP 
7-Methylguanosine 
Inosina 
2’;Deoxyinosine 

2; 
zz 
82 

83 
86 
91 
92 
93 
95 

=o3 
106 
=o7 
=o7 
==3 
1IG 
X20 
122 

135 -1_ 
AJY 
144 
153 
156 
159 
166 
171 
174 
184 
r87 
199 
2oc 

225 
250 
251 
275 
278 
281 
284 
319 
371 
4oo 
439 
555 
788 

1,754 

0.64 -0.1gG 
0.66 -0.179 

0.87 -0.093 

o-735 -0.133 
I .265 -j-o.102 

I.29 -f-o.112 

(con&wed eta p. 669) 

0.58 
1.00 
1.31 
1.52 
1.52 
1.56 
1.56 
1.80 
1.85 
1.74 
1.79 
2.17 
2.12 
2.28 
2.15 
2.57 
2.32 
2.54 
2.7G 
3.17 _ ^A 
J.VY 

3.43 
3.70 
3.59 
3.60 
3.88 
4.09 
4.36 
4.41 

:‘g: 
;:ozi 
5*92 
G&g 
6.38 
7.09 
7.57 
7.65 
7.73 
8.82 

10.42 
11.32 
12.52 
16.07 
23.24 
52-97 

-0.236 
0.000 

+ 0.116 

-I- 0. I94 
Jr 0.184 
+ 0.256 
-I_ 0.266 
Jr 0.240 

t s. Is._ 
-r “*4Y” 

+ o-536 

-j- 0.686 

+ 0.805 
i- 0.851 
-/- 0.880 
-I- 0.884 
-j- 0.889 

-k I.367 
-k I.724 

J? Chvomatog,, 32 (1968) 662475 
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TABLE VI (continued) 

Compound Vu (m2) vu0 Log vu0 

Xanthosinc 
Guanosine 
2’-Dcoxyauanosinc IO 
Guano&; (ribose 
Adenosinc 

,’ + dialdchydc) 

2’-Deoxyadenosine 

8-Azapuvines 
8-Azahypoxanthinc 
8-Azaguanine 
8-AzaxanLhine 
8-Azaadcninc 
8-Aza-2,G-diaminopurine 

Pyv2zoZo [3,4-d]~yrimi&n’incs 
4-1-1ydr0~y 

4,G-Dihydroxy 
4-Amino 

Pyrimidines, nucleosides and nzwleotides 
5’-CMP 
5’-UMP 
Pseudouridine 
Uridinc 
Cyt;idinc 
Pyrimidinc 
Thymidine 
P..c-&...r. uy l,“JLlll;i 
Uracil 
g-Methylcylosine 
Orotic acid 
Thymine 

Miscellaneous aromatic agtd keterocyclic 
comfiounds 
Creatinine 
Urea 
Imiclazole 
L . . Ahantoin 

Cyclohexanone 
Hippuric acid 
Pyridine 
Pyrazole 
4-Aminoimidazolo-5-carboxamidc 
L-TrypLophan 
Pyrrole 
Chlorogenic acid 
Benzimiclazole 

=o4 
222 

126 

142 
153 
153 

2.07 
2,Go 

2.70 

3*37 
3150 
3150 

188 4178 
258 6.94 
298 8,17 
421 11.95 
441 12157 

160 3170 
217 5.38 
383 10~28 

0.36 
0.39 
0.97 
1.11 
x.14 
1.15 
i.32 
i.6I 

1.67 
I.68 
1.80 
I*94 

GI 
7= 

;3s 
80 
54 

105 
==7 
154 
158 
173 
444 
474 

0,88 
1.18 
1.25 
1.40 
I.47 
1.58 
2.22 
2.Go 
3.53 
3.56 
4.33 

12.66 
13.58 

T “‘ZZ 0. 
+ 0.432 

+ 0.528 

: O*% + ::g12 
Jr 1.078 
-I- 1.099 

-0.452 
-0.407 
-0.014 
+ 0.048 
+ 0.059 
$- 0.060 
+ 0.121 
I - a^_ q- U.-r”7 

+ 0.222 
+ 0.227 

-0.057 
+ 0.074 
+ 0.097 
f 0.148 
+ 0.168 
-j- 0,200 

+ 0.552 

TABLE VII 
BLVTION VOLUMES OF SMALL MOLECULES ON SEPHADBX G-IO 

Compound MOE, wt. I.0 mZ of this Vu Detection method 
concn. a$$Zied (ml) 

Acetone 58 0.082 M GI 

KC1 
Absorbance 260 rnp 

74 0.05 M 61 

Giycinc 
AgCl ppl. 

75 0.67 M 47 Absorbance 220 

KH,PO, 136 0.50 M 
rnp 

47 HClO, ppt. 

J. Chromatog., 32 (x96.8) GGz-675 
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log of Vco proportional to the. difference in the chemical potential of the molecules 
on the gel a.nd the molecules in the buffer. This follows from the relation between the 
adsorption coefficient Jz, which is an equilibrium constant, and the’ difference in 
chemical potential (,u) of the molecules in the two phases*. 

The lower the chemical potential in the gel compared to the buffer, the larger the 
adsorption coefficient and the larger the elution volume. 

If one assumes that each chemical group in a molecule contributes a fixed 
fraction of the difference in chemical potential in the two phases, and that this prop- 
erty is independent of the other groups present in the molecule, then each group 
should also contribute a fixed amount to the log l;/@O of the compound. Thus the 
addition of a single group to a molecule should give a A log F’@O independently of 
the other groups present, d log vCo values have therefore been calculated for various 
classes of compounds in which the d log T/@O represents the difference between the 
log v#J” of the parent purine and that of the substituted compound. In Table VIII 
a number of substituents are listed in groups according to their positions on the purine 
ring in order to illustrate the effect of substitution on A log I;/@“. The ,4 log Vco values 
for purines and their ribosides measure the contribution of a ribosyl group in the 
a-nnsilkn af the nnrine ring to the a.dc;orntion to Senhadex G-zoj an-d give -con_fi_r- ;r c-_______ -_ __.- - r -____& ____~ _- _--_ _-‘__r __--_ _- --z--------- 
mation of the validity of the above assumptions. 

TABLE VIII 

A log T/co VALUES POR SUBSTITUENTS ON THE PURINE RING 

-- 

‘V, cc4 

Gvoz@ Pmwal com$ound A log V,O-’ Groulr, Parent con@oacnd A log V/e0 

Methyl 7-Methylxanthine - 0.049 Hyclroxy 
Xanthinc -0.065 
Theobromine -0.070 

Guanine -0.097 

Hypoxanthinc -0.100 

Adcnine -o.GSg* 

N-Oxide Aclcnine -0.54ga Amino 

Mcthyl- 
aminn 

Dimethyl- 
amino 

Adcnine 
Purine 
7-Methylhypo- 

xanthine 
G, S-Dihydroxy- 

purine 
Hypoxunthine 
Inosinc 

Adenine 
Inosine 
2’-Deoxyinosino 
I-Iypoxanthine 
7-Methylhypo- 

xantliine 
Purine 
G-Mercsptopurine 

Hypoxanthine 

-0.304. 
-0.143 

+ O.IGG 

;5: x; 

+ 01214 

-t 0.293 
+ 0.313 

: o*zi 0. 

+ 0.328 
+ 0.353 
+ 0.355 

-!- oa27g 

+o.I7o 

(conti+wkd on p. G7r) 

J. Ckromatog., 32 (1968) GG2-675 
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%ABLE VIII (co~zli?zzwz) 

N3 cl3 
Gro ufi Parent comfiound A log V',O Group - Parent com$ound A log T/o0 

1Methyl 7-Mcthylxanthinc -0.152 Hydroxyl z-Arninopurinc 
I-Methylxanthine -0.15s Purine 
I, 7-Dimethyl- 

xanthine -0.175 Methoxy Purine 

Amino z-I-Iydroxypurino 
2-Aminopurine 
Purine 

Methyl- 
amino Purine 

Dimcthyl- 
&iiiiiiO 

T)..-2-e J.- l.lllllU 

Trimethyl- 
ammonium Purine 

Furfuryl- 
amino Purine 

Phenyl- 
,amino Purinc 

Mercapto Purine 
a-hminopurine 

Methyl- 
mcrcapto Purine 

Methyl Purine 

Chloro Purine 

Bromo Purine 

Ioclo Purine 

Carboxy Purine 

Cyan0 Purine 

Purine 

+ 0.007 
+ 0.040 

+ 0.230 

: “*::; 0.6 

+ 0.479 

+ 0.500 

-0.326a 

+ 1.041 

+ 1.398 

+ 0.525 
+ o-527 

+ 0.620 

+ 0.054 

+ 0.375 

+ 0.554 

+ 0.728 

-0.143 

+ 0.563 

+ 0.692 

(conlinueb on p, 672) 

. ’ 

J. C?WOVWto~., 32 (1968) 662-675 
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TABLE VIII (conlimted) 

L. SWEETMAN, W. L. NYHAti 

N7 
Group 

cs 
Parent covnpound A log V,” Group Parent compound A Eog V,,O 

Methyl Guanino -0.118 
I-Iypoxanthinc -0,IZG 
8-Wydroxyguaninc -0,132 ._ . . 
I-mccnyixanthinc -0.133 
Theophyllinc -0,148 
Xanthine -0,14g 
Inosine -o.zg8a 
Guanine -0.548a 

I-Iydroxyl Xanthino 
7-Mothylguanine 
Hypoxanthine 
Guaninc 

+ 0.057 
+ 0,072 
+ 0.076 
+ 0,086 

Group Pavent compound A log VoO 

Ribosyl Xanthine -0.239 
Adeninc -0.262 
Nypoxanthine -0.264 
Guanine -0.271 
7-Methylhypo- 

xanthine -0.436a 
7-Methylguanine -0.536” 

2’-Deoxy- 
ribosyl Hypoxanthine 

Guanine 
Adenine 

-0.254 
-0.254 
- 0.2GI 

g’-FRibosyl Guanine 

2’,31-l?- 
ribosyl Adenine 

Methoxy- 
methyl G-Chloropurine 

Methyl Wypoxanthine 

-0.865 

-o.8g8 

-0.367 

-0.172 

a Introduces @ in ring. 

Puriaae ribosides V, T/‘,O zag V,O A log V,O 

Ilypoxanthine 113 2.32 + 0,366 Inisone 77 1.26 -I_ 0.102 
Xanthine 

-0,264 
156 3esg +o.555 Xanthosine 104 2.07 -t_ 0.31G -0,239 

Guanine 1gg 4*85 + 0.686 Guanosine 122 2.60 -I- 0.415 -0,271 
Adenine 251 6.38 + 0.805 Adenosine 153 3.50 ’ -I- o-544 -0,2G1 
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Table IX shows the constancy of the 4 log Veo values, which are negative for a 
ribosyl group, indicating decreased adsorption; Consideration of the d log vBo for the 
ribosides of hypoxanthine, xanthine, guanine and adenine yields very similar values. 
The mean d log Tr,’ for a. g:ribosyl substitution is -o.z5g with a standard deviation 
of 0.016 estimated from the range. .: : 

Thus the determination of d log ‘Ir,” values for various chemical groups located 
at difYerent positions on the purine ring makes it possible to predict elution volumes 
of compounds containing many groups, The usefulness is indicated by an example, 
6-thioguanine, whose elution volume can be calculated as follows: 

log Ir,O (G-thioguaninc) - log T/,O (purinc) -j- A log lfO (G-SH) -t_ A log voo (2-NH,) 

vu = (V”a” -I_ I) v,, whcro v, = 32.5 ml. From Tables VI and VIII, 

log Voo (purinc =I + 0.32G 

n log V,O (6-W.) = + 0.525 

f.l log Vo” (2-NI-I,) = + o-353 

log Veo (G-thioguaninc) = + 1.204, Voo = 16.0. slnd V, = 552 ml 

This predicted value may be compared to the experimental v”e = 555 ml (Table VI). 
Some interaction betweengroups does occur, particularly between the amino 

and hydroxyl group in positions 2 and 6 of the purine ring, so that log vveo values are 
not always additive although they usually are. 

Defiendence of A log Vco vahes on. ring locatiova 
The most extensive data for the variation of d log Veo values with ring position 

is for methyl groups, as shown in Table X. In addition, there are anomalous d log Veo 

d log lie0 VALUES FOR MBTEIYL GROUPS ON PURINES 

Ring or attached amko gvotcp position sicbstituted 

Nl iv, iv7 No c, 1vs (amino) NO (amino) 

-0.065 -0.152 
1:::;; 

-0.172 + 0.084 -0.041 (1st) + 0.021 (xst) 
-0.070 -0.1 5s 

-0.097 -0.175 -0.126 -o.rog (2nd) +0.058 (2nd) 
- 0.049 -0.133 
-0.100 -0.132 

-0.118 

-0.078 -0.IG2 -0.134 (llltZlIlS) 

values when the introduction of a methyl group causes the formation of a positive 
chargein the ring by quaternization of a nitrogen as in the examples shown in Table XI. 
The data indicate that the ring nitrogens are of major importance in adsorption to 
Sephadex G-lo, with N, least important. A high electron density contributes to 
adsorption as introduction of’ a positive charge into the heterocyclic ring greatly 
reduces adsorption. That ‘the decrease in adsorption by ,methyl’ substitution on- the 
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TABLE XI 

d LOG T/,’ VALUES FOR METHYL GROUPS ON POSITIVELY CWARGED NITROGEN 

Pamat conzpownd Meth.yZated GOm@Jund d log vvo” 

G-Dimetl~ylczminopurinc G-Trimcthylammonium-npurinide -0.326 

lnosine 7-Methylinosine -0.298 
Gunnosinc 7-Mcthylgunnosinc -0.548 
Aclaninc I-Methyladeninc -0.689 

ring nitrogens is not due to the presence of a bulky group on the ring is shown by the 
increase in adsorption with a methyl group on the G carbon, which could contribute ta 
the electron density at the I or 3 nitrogen by induction or hyperconjugation. 

of many purines, particularly the methyl isomers. For general use, a neutral buffer 
with ionic strength sufficient to prevent exclusion of anions is appropriate, but 
changes of ionic strength or pH can be used to separate certain purines with differing 
pK values. The sharpness of the peaks depends on flow rate, but adequate separations 
are obtained in 24 h with a 100 cm column, The elution volumes are highly reproduc- 
ible, and together with the d log Veo treatment, they can aid in identification of 
unknowns, or prediction of elution volumes of compounds not yet run. 

Quantitative recovery makes possible quantitation of the compounds in the 
fractions by optical or chemical means, In this laboratory, direct chromatography 
of urine has been used to determine urinary excretions of alloxanthine (4,6-dihy- 
droxypyrazolo[3;4-dlpyrimidine) after ingestion of the drug allopurinoP. Further- 
more, a riboside of the drug was detected in the urine by analysis of the fractions 
at the predicted elution volume, although the peak was obscured by hippuric acid. 

Sephadex G-IO adsorption chromatography promises to be useful for preparative 
work in pr_lrine q7_n__t-,&es w_h__erc prO&Jr;ks r.an fqll_?e~q7 be .sq+‘&e.d_ from starting 

material. For example, I-methylhypoxanthine was readily separated from I-methyl- 
adenine after nitrous acid deamination. Also adenine-I-N-oxide was completely 
separated from adenine after acidic hydrogen peroxide oxidation. Application is 
also found in nucleoside chemistry where periodate oxidized guanosine was separated 
from, guanosine. 

The mechanism of adsorption of heterocyclic compounds to Sephadex G-lo is 
under investigation, Analysis of the effects of ring substituents on purines indicates 
that the nitrogens are of major importance. Since the introduction of a positive 
charge in the ring greatly reduces adsorption, whereas a negative charge has little 
or no effect, it is reasonable to implicate high electron density at the nitrogens with 
their unshared pairs of electrons as the primary site of adsorption. If so, the groups 
in the Sephadex expected to intrrnct with the unshared electron pairs of the nitrogen 
would be the hydroxyl groups, ‘I‘llis is currently under investigation, as are possible 
correlations of log Veo values with physical properties of the purines. 

SUMMARY 

The adsorption chromatography of .purines and related heterocyclic compounds 
on Sephadex,G-IO was investigated under different conditions of pH, ionic strength 
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and flow rate and found to give excellent separations, The elution volumes were highly 
reproducible and recovery quantitative. A relation between a log furiction of the 
elution .volumes and substituents on the purine ring was shown and the additivity 
of the resulting d log Veo values used to predict clution volumes. Some analytical 
and preparative applications have been undertaken. 
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