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ford, Great Britain), ammonium acetate, copper(E) sulphate pentehydram, 
glycine, sodium carbon&z, sodium hydrogen carbonate and sodium hydroxide 
solution (2 mole/l) (BDH, Poole, Great B&ain) Were analyticitl reagent gpade. 
3rij-35 (polyoxyethylene lauryl ether; BDEI) was general purpose reagent grade. 
Standard pH buffer solutions (Fisons Scientific Apparatus, Loughborough, 
Great Britain) were used to calibrate the pH meter (Radiometer, Model 26; 
V.A. Howe, London, Great Britain) in the expanded range. EIypoxanthine and 
xanthine (Sigma London, Kingston upon Thames, Great Britain) were used as 
purchased. Allopurinol and oxipurinol (Burroughs Wellcome & Co., Dartford, 
Great I3ritai.n) were obtained in pure form, that is without mblet excipients. 

Chelex-100 resin (37-74 pm, 200-400 mesh) (Bio-Rad Labs., Bramley, 
Great Britain) in the sqlium form was first suspended in excess distilled water 
and acidified with dilute nitric acid to below pIi 2.0. The resin was filtered, 
washed and resuspended in the minimum of 1 mole/l ammonia solution. The 
resin, now in the ammonium form, was then converted to the Cu*’ form by 
stirring with excess cuproammonium sulphate solution (200 g copper sul- 
phate per litre of 35% (w/v) ammonia solution) for 30 min. The resin was then 
washed repeatedly with 1 mole/l ammonia solution to remove excess Cu** ions 
and then packed in the gIass cohunn of the low-pressure ligandexchange chro- 
matograph as a slurry in this solution. 

Aminex A-27 resin in the chloride form (Bio-Rad Labs) was packed in IIPLC 
columns using doubledistilled water as the solvent for slurry packing. It was 
Converted to the acetate form by running the chromategraphic buffer (1 mole/l 
ammonium acetate pH S-70) through the column at normal flow-rate (1 ml/ 
min) for 30 miu before use. 

Pi-epamtion of standards 
For IIFLC a stuck solution of 400 gg/ml of A, 0, H and X was ww~d. The 

working HPLC standard solution was made by diluting 25 ~1 of the stock solu- 
tion with 25 ml ammonia solution (IO mole/l). 

For plasma standards of A and 0, stock solutions (34 mg A per 100 ml water 
and 38 mg 0 per 100 ml water) were prepared_ The calculated volumes of each 
mere added to normal human plasma from volunteers not receiving A or 0 so 
that a range of working standards was produced. Standard I contained 20 pmole/ 
1 (2.72 &ml) A and 100 fltmolefl (15.2 KglmI) 0. By serial dilution, standards 
II, III, IV and V were produced containing the range L(P-1.25 pmolefl A and 
50-6.25 pmole/l 0. 

Urine standards were prepared similarly so that the finalrange was l-0.05 
mmole/l (136-6.8 pg/mI) A and 2.9-9.125 mmobfl (394-19 @g/ml) 0. 

Plasma and urine fi&rtztion. A sample clarification kit (Waters Assoc., Stock- 
port, Great Britain) was assembled omitting the filter but retaining the prefil- 
ter; a disposable piastie 2-m.l ,‘gringe (Bxuuswi ck) was substituted for the glass 
one provided. 



fQmd thraugh the filter. Both the timid fibate and the washhgs were cofIect- 
ed in 8 5ml vofumefric fksk and their combined vohu~e made up to the mark 
with the buffer solution (final pEf ILO). 

Urine f%r&ion was czu%-ied out in the same way as plasma fWr&ion but 
using 0.5-2.5 ml sample (depending on the expected drug con~ntration) and 
omitting Brij-35 from the b&fee (~final pH 11.0). 

Lowpresswe llgand-ezchange chmmafogmph. A pressure co&roller, Super- _ 
fine FresmStit (Biolabs, Cambridge, Great Britain) introduced nitrogen 01: 
compressed air at 1.3-3.5 MN/m* (2-5 ps.i.) into two 2.5-l brown glass hot- 
ties eacfr cont&Gng a solvent, i.e. 0.01 mole/l carbonate buffer and IQ mole/l 
amnaonia, respectively. ‘IFhe press&s& solvents went via a solvent switching 
v&e (LV4, Pharmacia (GB), Uxbridge, Great Britain) to two more LV4 valves 
connected as a ioop injector system (4-rd vdume for plrsrna or 0.5~ml for 
urine). The loop injector in turn fed a glass column 65 mm X 6.5 mm I.D. of 
chelex-100 0.1~’ resin. Interconnecting tubing was 1.5 mm O_D. Buffer flow- 
rate was 1 ml/n&~ The column system was tripEcated so that three samples 
could be prepsmi together. 

inject&n technique for p&ma md rtrfrre. The 4~11 sample loop was filled 
using a 5-d plastic syringe containing 5 ml filtered plasma. The ioap was tit- 
ched into the carbonate buffer flow. After 15 min the flow was diverted past 
the loop and 5 min later the solvent valve was switched to tsre ammonia solu- 
tion. The next P ml eluting from the cohmn was discarded and the following 
5 ml which cont%i.ned~*te compounds of interest were collected by means of a 
volumetie flask. Urine wss fmated in the same way except that a smaller loo@ 
was us%?d (usualmy 50Q &I). 

The samples purified by ligandexchange chromatography in the manner de- 
scribed were stored at 2” and generally analysed by @PLC tithin 24 h by the 
method described below. 

High-pressure Ziquicf chromaf~gm~hy. A Varian 4200 cbromatograph (Va.rian 
Walton on Thames, Great Britain) was f%t.ed witb a fixed-wavelength (254 nm) 
absosbance detector. The i&e&m was a stopdow loop injector with I-ml; 500- 
PI or 20~cl1 sample loops. The HPLC precohum and columns were SWW 
steel tubes 6.35 nxn (!A in.) O.D., 4.5 mn I.D., 30 mm and 70 mm long respec- 
tively, packed with Aminex A-27 (12-15 pm) anion-exchange resin. The cd- 
I.IEEII was tot&y enclosed in a .water jacket and low-cfead-vohrne reducing 
tions were used at the top and bottom of the culumns, aad for cameding the 
pmhmm and cohmn v&h the shortest possible length of X.5 mm 0-D. tu- 
bing, 

The loop injector was E.&d v&h the ‘Xganddexchange treated sample. The 
size of f&e loop depended on the concentration of drugs expected but general- 
ly 1 XIII w&s used for plasma derived sampEes and 2QQ crl for urine derived sm- 
p&?S. 



CWibmf&m m&trod. The I-PLC chxornatograph Derfomance was okays 
checked by mnning the EPIC H, A, X, 0 s&k soh.&on before my sampIes. 
The three CheLex cohmns were calibpa@d by running the lMge of prepared 
standztrd-s through the described procedure. Unknown ~anpEe~ W=SE anal[yti in 
the same way as the prepared standards_ 

Rg. la shows a typical chromatogram of the stock Ef (Rt = 4.45 min), X 
(9.10 min), A (5.98 min) curd 0 (17.08 mir) solution. The eMion order was aI- 
ways reproducible with good resohxtion, and readi& interpreted by the integrz- 
toF SySteIll. NO major peaks were seen after tie elution of 0. The Em&C column 
(in&ding precohmn) usually gave a freight equivaIent to theoretical ptate 
(HETP) vzdue of 0.125-0.0625 mm. When distortion of the X and 0 peaks oc- 



curred, changing the pa3coknn restored column performmce. 
Fig. Lb, c, d and e are typical chromatograms of bknk urine, standard urine, 

blank pksrna and stan&ti plasma, respectiveIy; showing an absence of inter- 
fering peeks. 

When the pksma and urine standards were analysed, the da& were co&&- 
ed and used to prepare calibration cumes which were subjected to Last squares 
regression amzlysis and tested for linearity. whm the intercepts of the cali- 
bration lines did not significa~tiy differ from zero, the least squares Line, forced 
through the origin, was used. Urine aiibration tines were all linear and no in- 
tercept differed sigMf?cmtiy from zero f2B-0.05). Table f summarises the sta- 
tkticd rest&s for urine. The three slopes for A on Chelex cohmms I,2 and 3 
did not differ s~cmtiy from each other and their common slope wss highly 
Qnificant (2FCO.001). Fig. 2 shows the commontietagethertithits95% 
confidence limiis.The three ~XopesforOd~~~s~~~ybut consistently 
from each other aad this was taken into account in the quantitation of 0 in 
u&e. 

TABLE I 

C?der culuxxm Calibration line* R’ 

Ml0pWiIld I. y = 60.839x 0.990 
2 Jr.= 64.cKnr 0.989 

3 y = 61.8622 0.995 

Common regression lie y = 62.323s 0.991 

OSipu-inCll 1 y = 40.507r 0.974 
2 y = 45.223x 0.976 
3 y = 41.869~ 0.993 

No common cegms3ion derived as dopes are dgnifiaztiy different. 

*y = Wxigrated peak seea (mV -s&z); E = co5centrtztion (mmoIe/l). 
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Fig. 2. A typical calibration iine showing the common slope (with 95% confidence limits) 
from Chelex columns 1, 2 znd 3 for ellopurinol in repeatedly analysed (ta = 10) urine Stan- 
dards. 

TABLE 11 

CALIBRATION LINES FRO-M PLASMA FOR ALLOPURWOL AND OXE’URINOL, 
FORCED THROUGH THE ORIGIN FROM CHELEX COLUMNS 1.2 AND 3 

Chelex column Calibration line* R’ 

Allopurinol 1 y = 2.012s 0.998 7 
2 y = 2.043s 0.996 ns. diff.** 
3 y = 1.960x 0.992 

Common regression line 
j 

y = 2.010x 0.996 

Oxipllrinol - 1 y = 1.580x 0.995 

z 
y= 1.528s 0.996 
y = 1.574x 0.997 

Common repression line 
1 

ns. diff_ 

y = 1.559x 0.996 
___- -- 

*y f integratal peak area (mV wc); x = cancentration (mma!efl). 
**IIS diff. = not significantiy different. 

._ 
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Fig. 3. ~Fical plasma profile of aiiopurinol (6~) and oxipuriaol (0) from a patient who re- 
ceived one 300~rug dase of allopurinol orally. 

DISCUSSION 

%?Ve& methods of determining A and 0 have been prrblished but each has 
limitationsasaroutine analytic~~hnfqKeinbiologicaInuids.~e~odsbased 
~nele~trophoresis andpolarography lack the ecxpi&esensitiwi~~ci~k&iti- 

lsty. Anion-exchange chromatography of purine nucleotides is well documented 
141 and was exploited succes.s~y with KPLC [3,63. However, when applied 
to the purine bases H, A, X and 0 there was the complication caused by the 
many otheranion~normaJ.!y presentin bioZogicdfluids_ Thepeaksofinterest 
elite soon after the void volume so that an unmcessary delay of about 6 h is 
encOmfSed whi?e.waiting for theelrrtion oftheEaterpeaks(nucleotides,etc.). 
Even the use of complex gradients with expensive high-performance ion-es- 
change packings gave an analysis time of 40 min bKt reproducibility and col- 
umn life suffered. Attempts to simplify these procedures pmv& unsuccessful 
as no way of selectively removing the later e1Ktingpeakswa.s found. -Attempts 
to concentazte the sample after removing protein (e.g_,ultrafiitration, trichlo- 
roacetic acid, etc.) fed to variable recovery. An internal standard as recently 
described by Endeie and Lettenba~er 131 overcame this variability to some ex- 
tent but the basic problemofthenumeroKsotheranionspersistsFui~the~o- 
ciate&problenssKehassho~~olumnLife. 

These shortcomings prompted the search for selective purification for A and 
0 by adsorption. A xanthhxe oxidase competitive binding techniqme was reject- 
ed b+zaKse L&e&d material would he needed routinely and A would be a sub- 
&de for the production of 0. The method now recommended originated f&m 
the otition &at p~rres form an almost insoiubEe Cut’ complex. As de- 
scribed~~~,when~K~~upl~aor~ep~do~acolumK~fCrr*' 
~e~-~QOinan~ogousmanner~~atdescribedbySiegelandDegens 161, 
foBowzd by a stepwiseelKtiontithamnnonia,M, A,X and@ areexchzsively 
refz,ined in the fQ mole/l ammonia fraction. On directly applying f&is frafztion 
to ~eion~c~eco~~n~majorpe~eEK~Led~~rUsfio~g~hatne~tfier 
usicacidE7~ northe~t&.rlatepe&swereretainedwithh~ A,X orObythe 
CuSc~~~.~eHP~ionex~e~s~mwassosimpLlfiedbytheinc~usion 
ofliganciex&~gethatatot&an&ysistixne of%-30minwaspossibleinthe 
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‘Mcratic.&ode as opposed to a minimum of 40 min with a gradient eliition 
system. Likewise the &and-exchange system was straightforward and the over- 
all throughput using the two-column system was better than that of either sys- 
tem alone. 

The use of copper Chelex-PO0 is not itself without problems: other authors 
[S, 8,9] have complained of Cu*’ ion bleed from the columns especially after 
the running of biological samples. However the extent of the Cu” ion bleed di- 
minishes with use and can he attenuated to an acceptable level if tEre column is 
initially treated with 0.5 ml injection of 10 pg/ml glycine solution. The recove- 
ries of H, X, A and 0 were only quantitative on glycine-trea&zd or “old” col- 
v and the recoveries of X and 0 were only quantit&ive at pH 11.0. 

Some System overloading can be detected (>lO gmole/l A) but in practice 
these higher levels can be measured by simply using less sample volume in tie 
mtration step. When the lower sample Ievel of 0.5 ml was us& for urine, Che- 
Iex column life was longer and gave fewer problems (e.g. blocked &its) than the 
higher level. 

The binding characteristics of H and X to Chelex were observed to be simi- 
lar to A and 0; this suggesti that the method can he adapted to measure ttress 
purines. Indeed, where H and X are ti he measured h? biological fluids not con- 
taining A or 0, these latter compounds may be used its internal standards. How- 
ever, as H and X are always press& in biological fluids, “blank” samp!es would 
be difficult to obtain and such a method would only detect changes in level. 

In concIuion, the method is suitable for analysing A in the range 0.05-10 
pmolell (G.G068-1.36 pg/ml) in plasma and 0.005-l mmoleil (O-68--136~g/ 
ml) in urine and 0 in the range 0.5-100 &mole/E ‘(0.076-15.2 pg/ml) in plasma 
and 0.2-2 mmo!e/l(15.2-304 rg/ml) in urine. : _ 

: 
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