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Allopurinol has been employed as a "specific" inhihitor of xanthine oxidase in studies of hypoxic,' 
reoxygenation injury. Pulse radiolysis was used to establish rate constants for the reactions of allopurinol 
and its major metabolite oxypurinol with hydroxyl radicals: values were ( I  .45 i 0.241 x 10' M - I  s-  I for 
allopurinoI and (4.95 & 0.84) x IO'M ~ I s  h r  oxypurinol. These rate constants show that, in view of the 
amounts of allopurinol that have been used i n  animal studies. hydroxyl radical scaveiiging by this molecule 
could contribute to its biological actions. especially if animals are pre-treated with allopurinol. so allowing 
oxypurinol to form. The ability of allopurinol to protect tissues not containing xanthine oxidase against 
reoxygenation injury may be related to radical scavenging by allopurinol and oxypurinol. 

KEY WORDS: Allopurinol. oxypurinol. hydroxyl radical, xanthine oxidase. reperfusion injury, pulse 
radiolysis. 

INTRODUCTION 

Oxygen free-radicals play some part in  mediating reperfusion (reoxygenation) dam- 
age after hypoxia in several animal tissues. in that there is often significant protection 
against reperfusion injury by superoxide dismutase and by scavengers of hydroxyl 
radicals. such as mannitol and  dimethylsulphoxide.'-' An important source of 0; in 
hypoxia/reoxygenation injury in intestine is probably the enzyme xanthine oxidase, 
generated from xanthine dehydrogenase during the ischaemic phase.' Another poss- 
ible source of oxygen radicals is the activation of neutrophils invading a tissue upon 
reperfusion."-' 

Allopurinol has been used as an inhibitor ofxanthine oxidase, and often (eg.' 9 ,  the 
only evidence presented for the importance of xanthine oxidase as a radical generator 
in reperfused tissue is a partial inhibition o f  reoxygenation injury by allupurinol. 
However, i t  has reccntly been reported that allopurinol can protect against reo- 
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xygenation injury in tissues that do not contain xanthine oxidase,I6 which means that 
allopurinol must exert effects in addition to xanthine oxidase inhibition. 

Most molecules can act as scavengers of the highly-reactive hydroxyl radical, 
provided that enough of the molecule is present. Evidence for .OH scavenging by 
allopurinol was obtained using simple test-tube assays," but the use of such assays to 
determine rate constants for oxygen radical reactions has been ~rit icized. '~ All- 
opurinol is usually given to animals in large intravenous bolus dose (3&50 mg/kg) on 
restriction of the blood supply, and often additionally the animals are pre-treated with 
it. For example, 20 mg/kg of dimethysulphoxide, used as a .OH scavenger, decreased 
reoxygenation damage in cat intestine to about the same extent as 50mg/kg of 
intravenous allopurinol.'" This corresponds to 0.26 mmoles/kg of dimethylsulp- 
hoxide, but 0.37 mmoles/kg of allopurinol! At these high doses, .OH radical scaveng- 
ing by allopurinol might contribute to its protective action even if its rate constant for 
reaction with .OH is no higher than that of most other molecules. 

When animals are pre-treated with allopurinol, they will form its major metabolite 
oxypurinol,".'* which may also be able to scavenge .OH radi~a1s.l~ In evaluating the 
extent to which the high concentrations of allopurinol and oxypurinol that have been 
used in animal experiments might be able to scavenge .OH in vivo, it is helpful to know 
the rate-constants for their reactions with .OH. Rate constants for reactions o f .  OH 
are best determined by pulse radiolysis, and such measurements are the subject of this 
paper. 

MATERIALS AND METHODS 

Pulse radiolysis experiments were conducted using the Paterson Laboratories linear 
accelerator facility. The optical detection system consisted of a tungsten lamp and a 
Kratos uv/visible monochromator. Microcells of 2.5 cm path length were used 
throughout. All solutions were made up in double distilled water, Experiments were 
conducted in l0mM KH2P0,-KOH buffer pH 7.0. Allopurinol and oxypurinol were 
obtained from Sigma Chemical Co. and solutions made up as described in." All other 
reagents were of the highest quality available from BDH Chemicals Ltd. 

RESULTS 

Radiolysis of a dilute phosphate-buffered solution, pH 7.0, saturated with nitrous 
oxide. produces .OH radicals 

( 1 )  

( 2 )  

I f  potassium thiocyanate is added to the solution, the .OH radical reacts with 
thiocyanate ion (SCN-)  to give the radical anion .(SCN); 

H, 0 - '??$ \$,&:" * .OH, e&,, H' ,  H,O,. Hz 

e,.lq, + N,O + H?O - .OH + OH- + Nz 

.OH + SCN- - HOSCN- (3) 

HOSCN- - .SCN + OH- (4) 

.SCN + SCN - '(SCN); ( 5 )  
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FIGURE I Determination of rate constants lo r  the reactions of allopurinol. oxqpurinol and mannitol 
with hydroxyl radical by competition with thioqanate The absorbance at 500 nni of an irradiated solution 
of KCNS (3.65 x 10-'M) in l0rnM phosphate huHer \attirated with N,O was dcterinined in thc presence 
( A )  or  in the absence (A") of allopurinol. oxypurinol o r  rnannitol. Absorbances are related hj the equation 

A " =  I + -  h (added wavenger] 
A L , [ I hiocyunate] 

Thus plotting A" A against the (sc~tveiiger] (KC'NSj wiictn\m\ion ratio allows calculation o f  hL . lhl: rate 
constant forreactionofscavengerwith .OH. h , ~ \ t ; i h e n ~ i r  1.10 x 10" 'M ' Z  ' ( s c . r t c s t ) . P l ~ ) t , i ~ h o ~ \ s d a t ; l  
for oxypurinol. b for mannltol and c for allopurinol 

At  pH 7 reactions (4) and (5) are non-rate-determining and so the production of 
'(SCN); from KCNS can be considered as a single oxidation step with a second-order 
rate constant of I .  1 x 10" M s -  I." The ' (SCN); radical ion absorbs strongly in the 
visible region ( E  = 7.1 x 103M-'cm ' at 500nm). 

By observing the ability of allopurinol and oxypurinol to compete with SCN for 
,OH. and so decrease the absorbance changes observed. rate constants for their 
reaction with .OH can be calculated. Figure 1 shows the results of a typical experi- 
ment. It may be seen that allopurinol does indeed scavenge. OH radicals. Analysis of 
four experiments of this type gave li, as ( I  .45 k 0.24) x 10' M I s ' (mean SD). 
Oxypurinol was a better scavenger of .OH (Figure 1) .  with k ,  of 
(4.95 & 0.84) x IOyM- ' s - ' .  Mannitol. a popular .OH scavenger in biochemical 
experiments,"." was included for comparison; the value of k, obtained. 
(2.70 0.46) x 1OYM-'s - ' ,  was comparable to that obtained in previous pulse 
radiolysis studies on this sugar.'" 
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DISCUSSION 
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The results in the present paper establish rate constants for reactions of allopurinol 
and oxypurinol with .OH. They show that allopurinol scavenges .OH at rates 
comparable to those of mannitol, perhaps the most widely-used scavenger in biologi- 
cal systems.” Hence, at the high concentrations of allopurinol that have been used in 
animal experiments (see the Introduction), .OH scavenging could contribute to its 
biological effects. Oxypurinol is a more effective .OH scavenger than either mannitol 
or allopurinol, and its formation in allopurinol-treated animals will enhance scaveng- 
ing activity. Oxypurinol also combines with the myeloperoxidase-derived oxidant 
hypochlorous acid.’3 

These studies confirm the proposal’’ that radical scavenging by allopurinol and 
oxypurinol could contribute to their biological effects, and they offer an explanation 
for the ability of allupurinol to protect against reoxygenation injury in rabbit heart, 
which does not contain xanthine oxidase.16 I t  follows that an inhibitory effect of 
allopurinol cannot be used as the sole evidence that xanthine oxidase is present in a 
system. Although in the feline intestine’.’’ and dog heart’ model systems, other 
evidence supports a role for xanthine oxidase, this is not true of some cardiac systems, 
e.g. rabbit hearts.“ 

Our results in no way negate the potential therapeutic use of allopurinol in minimiz- 
ing reperfusion damage’ or the effect of haemorrhagic shock,” but they do suggest 
that the therapeutic action of oxypurinol might be worth investigation, since this 
compound is a powerful radical scavenger as well as a xanthine oxidase inhibitor. 
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