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ABSTRACT

A study was conducted at the University of Arizona 
Health Sciences Center to determine the pharmacokinetic 
parameters of allopurinol and its major metabolite, oxi- 
purinol, and the absolute bioavailability of allopurinol 
following intravenous, oral and rectal administration of 
allopurinol.. Plasma concentration-time data were collected 
from six normal, healthy adult males. These data were 
analyzed by computer techniques to determine the following 
parameters: elimination half-life (t^), plasma clearance
(Cls) and volume of distribution (Vd), Intravenous allo
purinol plasma concentration-time, data were, found to be 
described best by a biexponential equation, while oral 
allopurinol plasma concentration-time data were best 
described by a single exponential equation, with drug 
absorption following zero-order input. The average abso
lute bioavailability of allopurinol from oral tablets was 
found to be 0.67. Rectal allopurinol. suppositories pro
duced no measurable plasma concentrations of allopurinol 
or oxipurinol in any of the subjects. Allopurinol is not 
absorbed from the rectal suppositories examined in this 
study. Possible reasons for this, as well as the clinical 
implications, are discussed.

. viii



INTRODUCTION

Allopurinol is an anti-hyperuricemic agent used 
daily by millions of gout patients. In addition to its 
use in the treatment of hyperuricemia, initial clinical 
studies (Bundles et al.,1963) demonstrated that allopurinol 
was effective in producing a decrease in serum and urine 
uric acid in normal volunteers and in leukemic patients.
It has, therefore, been common practice since the 1960’s 
to administer allopurinol prophylactically to patients who 
are going to receive cytotoxic drugs (Krakoff and Meyer, 
1965; DeConti and Calabrisi, 1966).

Since some patients undergoing chemotherapy may 
become unable to take oral medication due to severe nausea 
and vomiting, some cancer centers have utilized allopurinol 
suppositories (compounded from oral tablets) and hence some 
hospital pharmacists have undertaken their extemporaneous 
formulation. Empirically, the suppositories appear to have 
worked well; however,, there is no blood level data docu
menting whether rectally administered allopurinol is 
absorbed or to what extent. Intravenous allopurinol would 
be an alternate mode of administration. An investigational 
sodium allopurinol injection is available from the manu
facturer for the individual patient unable to ingest



tablets, However, obtaining an investigational drug 
requires a substantial processing of study forms, poten
tially resulting in a. delay in initiating therapy. 
Furthermore, many cancer patients1 veins may be damaged 
from numerous trials of chemotherapy and diagnostic veni
punctures, thereby compromising even this route of 
administration.

Optimization of allopurinol therapy by empirical 
means or measuring serum urate levels are excellent guides 
to allopurinol dosage in the treatment of gout, but are 
inadequate guides to proper allopurinol dosage for the 
prophylaxis of hyperuricemia resulting from malignancy or 
its treatment (Rieselbach et al., 1964).

Purpose
Although allopurinol has been used extensively 

since its introduction into clinical medicine over fifteen 
years ago, there is little data in the literature describ
ing its pharmacokinetic characteristics. One purpose of 
this study is to report on the pharmacokinetic parameters 
obtained from the plasma concentration versus time profiles 
of allopurinol and its major metabolite oxipurinol after 
intravenous administration. A second purpose is to assess 
the extent to which allopurinol is absorbed via the rectal 
and oral routes and to recommend a suitable rectal dose 
based on the pharmacokinetic parameters obtained.



Assumptions
All individuals in the study population are assumed 

to be normal, healthy adult males, with no prior history 
of hyperuricemia or gout and no evidence of renal or liver 
dysfunction. The extemporaneously compounded suppositories 
are assumed to be uniformly dispersed and without signifi
cant variation in regard to the allopurinol content in each 
suppository. In addition, this formulation is assumed to 
be stable over the three week trial period.

Limitations
The assay procedure used to quantitate the concen

tration of allopurinol and oxipurinol in each subject's 
blood is accepted as being sensitive, precise and specific. 
There is a linear relationship between the peak height 
ratios of allopurinol and oxipurinol and internal standard, 
at least over the concentration range of 0.3125 yg/ml to 
5.0 yg/ml for allopurinol and 0.625 yg/ml to 10.0 yg/ml 
for oxipurinol. Since this study is being performed in 
normal subjects, the applicability of the information 
generated to a non-normal population is not known.

Definitions
Pharmacokinetics: Pharmacokinetics is the study

and characterization of the time course of drug absorption.



distribution, metabolism and excretion, and the relation
ship of these processes to pharmacological effects.

Bioavailability: Bioavailability is the rate and 
extent to which an intact drug is absorbed into the body 
(i.e., systemic circulation) from a pharmaceutical dosage 
form.. When a drug is administered intravenously it is by 
definition 100% available to the systemic circulation..

First Pass Effect: The first pass effect is the 
percentage of an oral dqse lost prior to reaching the 
systemic circulation as a result of biotransformation in 
the liver.

Plasma Allopurinol (Oxipurinol) Concentration:
The plasma allopurinol (oxipurinol) concentration is the 
amount of allopurinol (oxipurinol) in the plasma (the 
liquid portion of the blood in which the particulate com
ponents are suspended) and is expressed in micrograms per 
milliliter.

Elimination Half-life: The elimination half-life
is the amount of time required for the drug concentration 
to decrease by 50% after absorption and distribution. It 
is independent of dose, concentration or route of admini
stration in the majority of cases.

Apparent Volume of Distribution: The apparent
volume of distribution is a mathematical expression relat
ing the amount of drug in the body to the plasma



concentration after absorption and distribution. It does 
not necessarily represent a real body.space.

Total Body Clearance: Total body clearance is a
measure of the ability of the body to remove drug from 
the plasma. It is the sum of the clearances for each 
organ involved in the removal of drug from the plasma.
For a drug that is eliminated by renal excretion and 
hepatic metabolism, the total body clearance would be 
the sum of the renal clearance and the hepatic clearance, 
expressed in liters per minute per kilogram.



REVIEW OF THE LITERATURE

Originally tested as prospective antitumor agents, 
the pyrazolo-(3, 4-d)-pyrimidines were found to be ineffec
tive or hepatotoxic (Robins, 1956; Falco. and Hitchings, 
1956; Skipper et al., 1957). However, when these compounds 
were tested in vitro for inhibition of xanthine oxidase, an 
enzyme with a predominate role in purine catabolism, a 
number of the pyrazolopyrimidines were found to be both 
substrates and inhibitors of the enzyme (Feigelson,
Davidson and Robins, 1957). One of these compounds, 
4-hydroxypyrazolo-(3, 4-d)-pyrimidine (allopurinol) was 
chosen for trial as a xanthine oxidase inhibitor in vivo 
for several reasons: a) it was among the most potent of
the xanthine oxidase inhibitors (Elion, Taylor and Hitch
ings, 1964) , b) its metabolic product was also a strong 
inhibitor and c) it did not become involved in purine 
anabolic reactions (Hitchings, 1966).

The first in vivo studies of allopurinol were con
ducted in mice by Elion et al. (1963a, 1963b).. The oxi
dation of 6-mercaptopurine to its inactive metabolite 
thiouric acid, a conversion catalyzed by xanthine oxidase, 
was inhibited by allopurinol resulting in marked potentia
tion of the antitumor effect of 6-mercaptopurine. The

6



potentiating effect of allopurinol on 6-mercaptopurine 
was demonstrated in a patient with chronic granulocytic 
leukemia by Bundles et a!. (1963).. It was also observed 
in this trial that there was a sharp decline in serum and 
urine uric acid levels, which was not evident when 6- 
mercaptopurine was used alone. This observation led Yu 
and Gutman (1964) to investigate the efficacy of allo
purinol in forty-one cases of primary hyperuricemia and 
nine cases of secondary gout, and establish a primary 
role for allopurinol in the treatment of hyperuricemia.

Uric Acid Metabolism 
Figure 1 shows a simplified scheme of purine 

metabolism. Uric acid is the end product of purine 
metabolism in man. Urate is found as a result of the 
enzymatic degradation of adenine and guanine from tissue 
and dietary nucleoproteins. The purine nucleotides, 
adenylic acid and guanylic acid, are formed in two ways.
In one pathway, inosinic acid is formed by a series of 
ten enzymatic steps from small precursors, and then con
verted to adenylic or guanylic acid. In the other salvage 
pathway, the nucleotides are formed by the addition of a 
ribose-5-phosphate moiety from 6-phosphoribosyl-l-pyro- 
phosphate (PRPP) to the free purine bases, adenine and 
guanine. This transfer is catalyzed by the enzymes,



8
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Figure 1. Schematic diagram of purine metabolism.



adenine phosphoribosyltransferase and hypothanxine-guanine 
phosphoribosyltransferase, respectively. De novo biosynthe

sis of purine nucleotides and the reutilization of free • 
purine bases to form these nucleotides is thought to be 
controlled by feedback inhibition. Feedback inhibition 
controls the rate of production of an enzymatic system by 
inhibiting the first enzymatic step unique to a particular 
pathway. In this case, both the de novo biosynthetic and 
reutilization pathways are controlled by the competition for 
the common substrate PRPP, which is aminated by glutamine. 
The reaction is catalyzed by the enzyme PRPP - glutamine 
amidotransferase [Caskey, Ashton and Wyngaarden, 1964).

Although several defects in the enzymes of purine 
metabolism have been shown to result in an overproduction 
of uric acid, the biochemical abnormalities in most 
patients have not been elucidated. Lesch and Nyhan (1964) 
reported on the clinical Features of a familial, X-linked 
recessive nervous system dysfunction characterized by 
choreathetosis, spastic cerebral palsy, obsessive destruc
tive behavior and increased production of uric acid. 

Seegmiller, Rosenbloom and Kelley (1967) demonstrated, 

subsequently, that the hyperuricemia was a result of an 
almost complete lack of the enzyme hypoxanthine-guanine 
phosphoribosyl transferase (HGPRT). Because of the in
sufficient reutilization of hypoxanthine to form inosinic



10
acid, excess uric acid is produced by two mechanisms.
First, a greater percentage of hypoxanthine is catabolized 
to uric acid resulting in overproduction. Second, decreased 
reutilization of hypoxanthine results in a decreased synthe
sis of adenylic and guanylic acids. This causes a subse
quent relaxation of the feedback inhibitory pathway 
resulting in an increased de novo production of purine 
nucleotides and uric acid (Sorensen, 1970). Treatment with 
allopurinol in patients with HGPRT deficiency results in. a 
dramatic reduction in both plasma and urinary uric acid 
(Sorensen and Levinson, 1975). Another enzymatic defect 
was reported by Becker et al. (1973) which resulted in an 
increased production of PRPP by PRPP synthetase, causing 
a subsequent tripling of the rate of de novo purine synthe
sis. Similarly, a deficiency of glucose-6-phosphatase, 
characteristic of patients with Type I glycogen storage 
disease is believed to result in the increased production 
of PRPP. It appears that a greater percentage of glucose- 
6-phosphate is diverted toward the production of ribose-5- 
phosphate via the oxidative pentose phosphate cycle (Sciaky 
et al., 1973; Fox and Kelley, 1973). Ribose-5-phosphate is 
a precursor for PRPP.

The plasma uric acid levels in man are much higher 
than in other mammals. This is explained by the absence 
of the enzyme uricase which converts urate to the much
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more soluble allantoin, and by inefficient clearance of 
uric acid from the body (Sorensen and Levinson, 1975). In 
fact, the normal value of serum urate in man, 5-6 mg/100 ml, 
is only slightly below the value for the solubility of 
monosodium urate in extracellular fluid of 7 mg/100 ml 
(Sorensen and Levinson, 1975). At pH 7.4, approximately 
98% of uric acid is present as the monosodium salt. There
fore, hyperuricemia exists whenever the plasma level of 
uric acid exceeds the solubility of monosodium urate. In 
general, hyperuricemia may be due to either increased uric 
acid production, decreased renal excretion of urate or a 
combination of the two. If no exogenous causes can be 
implicated, the disease is considered primary hyperuricemia. 
Secondary hyperuricemia can occur as a result of the in
creased production of uric acid caused by the increased 
breakdown of nucleic acids, a common occurrence in myelo
proliferative diseases. This condition is often aggravated 
by radiation therapy or administration of cytotoxic agents 
(Merrill, 1940; Lehr and Oppenheimer, 1950; Kravitz,
Diamond and Graver, 1951) . Hyperuricemia may also occur 
secondary to a number of drugs which interfere with the 
tubular secretion of urate, such as the thiazides. Therapy 
with the loop diuretics, ethacrynic acid or furosemide may 
also result in increased uric acid levels (Fries and 
Sappington, 1966). It has been suggested, however, that
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the underlying mechanism resulting in an increase in serum 
urate levels may not be due to an interference with the 
tubular secretion of urate, but rather a result of the 
volume depletion caused by these diuretics (Steele and 
Oppenheimer, 1969). Uric acid retention can also occur 
as a result of aspirin use (De Martini, 1965; Krakoff,
1967). Salicylates, as well as thiazides, ethacrynic 
acid and probably furosemide, exhibit a biphasic effect 
on urate excretion (Hansten, 1979). At low doses, salicy
lates decrease the excretion of urate, while at high doses 
(3-5 gm/day), they increase the urinary excretion rate of 
uric acid.

Gout is the common clinical manifestation of hyper
uricemia. It is characterized by the deposition of mono- 
sodium urate crystals in connective tissue. Urolithiasis 
is common in patients who excrete excessive amounts of 
uric acid in the urine. Precipitation of crystals of 
sodium urate can occur in the renal tubular system because 
the pka of uric acid is 5.4, resulting in 50% or more of 
urinary uric acid being in the less soluble unionized form 
at normal urine pH (Pochedly, 1973) . Uric acid nephropathy, 
resulting in renal insufficiency, is a well known complica
tion of neoplastic diseases or their effective treatment 
(Weisberger and Persky, 1953; Gold and Fritz, 1957; Green- 
baum and Stone, 1959), and probably the major cause of acute 
renal failure in leukemia (Frei et al. , 1963).
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For the control of hyperuricemia, whether primary 

or secondarily induced as a result of a malignancy or 
chemotherapeutic agents, the aim is to reduce the serum 
urate concentration to a value below saturation in extra
cellular fluid (7 mg/100 ml or less) . Allopurinol in 
doses of 200-600 mg/day (Kelley and Wyngaarden, 1971) 
achieves this therapeutic endpoint by decreasing the pro
duction of uric acid via its inhibition of xanthine oxidase, 
a property not shared by other drugs used in the treatment 
of gout or related diseases.

Allopurinol Pharmacology 
. It is evident from Figure 1 that the final two 

steps leading to the production of uric acid, the conver
sion of hypoxanthine to xanthine and its subsequent oxida
tion to uric acid, are regulated by the enzyme xanthine 
oxidase. Allopurinol is a structural analog of hypoxan
thine, differing only in the transposition of a carbon and 
nitrogen atom (Figure 2). In contrast to previous attempts 
to reduce urate overproduction by suppression of purine 
biosynthesis at an early enzymatic step, allopurinol was 
designed to decrease the formation of uric acid from its 
immediate precursors (Hitching, 1966). The earlier attempt 
lacked selectivity, supressing not only uric acid produc
tion, but purine anabolism (Groyzel, Seegmiller and Love, 
1960) .
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Figure 2. Chemical structures of endogenous, purine 
compounds along with allopurinoT and 
oxipurinol.
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Allopurinol has two main indications for clinical 
use: 1) for the treatment of primary hyperuricemia charac
terized by an overproduction of uric acid and 2) for the 
treatment of secondary hyperuricemia, specifically as an 
adjunct during cancer chemotherapy to prevent the hyper
uricemia and uric acid nephropathy associated with massive 
cell destruction.

Numerous clinical trials conducted after Bundles 
et al. (1963) first demonstrated the beneficial effects of 
allopurinol on uric acid metabolism have attested to its 
therapeutic value in the prophylaxis and treatment of 
hyperuricemia resulting from leukemia and or lymphomas 
(Krakoff and Meyer, 1965; DeConti and Calabresi, 1966;
Vogler et al., 1966). All of these studies have shown 
that allopurinol not only decreases the serum urate concen
tration, even in the presence of massive cell lysis, but 
effectively prevents the major cause of acute renal failure 
in leukemics, uric acid nephropathy.

It appears that allopurinol administration results 
in a plasma urate lowering effect because of its competi
tive inhibition of xanthine oxidase. In vitro tests with 
xanthine oxidase derived from human liver, incubated at 
physiological pH, showed that the concentration of allo
purinol needed to drive the reaction at one-half its maximal 
velocity (Ki) was fifteen times lower than the corresponding



concentration (Km) of xanthine (Elion,. 1966) . The result 
of the interaction between allopurinol and xanthine oxidase 
is the formation of allopurinol's major metabolic product, 
oxipurinol. Oxipurinol is a structural analog of xanthine 
(Figure 2).: As with allopurinol, this compound differs
from endogenous purines by the transposition of a carbon 
and nitrogen atom. As its parent compound, oxipurinol is 
also a potent inhibitor of xanthine oxidase activity with 
a Ki five to ten times higher than allopurinol. This 
difference does not necessarily mean that oxipurinol is 
less potent than allopurinol. Elion (1966) found that 
unlike allopurinol, by manipulating the concentrations 
of enzyme and inhibitor (oxipurinol), one could stop the 
oxidation of xanthine long before there was substantial 
substrate depletion. It was hypothesized that competitive 
inhibition might occur initially, followed by "irreversible" 
binding of oxipurinol to the enzyme. An arbitrary time span 
of 1 minute was chosen to measure the Ki values for both 
allopurinol and oxipurinol. Because of the proposed irre
versible binding concept, lengthening the measured time span 
would result in oxipurinol appearing to be a much stronger 
inhibitor, potentially equipotent to allopurinol.

Early metabolic studies of allopurinol and oxipuri
nol performed in mice, dogs and human subjects by Elion 
et al. (1966) demonstrated that only 3-10% of an
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administered dose of allopurinol was excreted unchanged in 
the urine. Most of the administered dose (45-65%) was 
oxidized to oxipurinol. In subsequent studies, a small 
percentage of allopurinol was found to be Converted to 
allopurinol ribonucleotide (Fox, Wyngaarden and Kelley,
1970) and allopurinol ribonucleoside (Krenitsky et al., 
1967). Similarly,, a high percentage of oxipurinol is 
excreted unchanged in the urine, but a small portion is 
also converted to the corersponding ribonucleosides (Kelley, 
1975) and ribonucleotides (Beardmore and Kelley, 1971).

Although it has been demonstrated that there is no 
detectable incorporation of allopurinol or oxipurinol into 
the nucleic acids of mouse tissue after administration of 
either compound (Elion et al., 1966), the formation of the 
ribonucleoside and ribonucleotide metabolites of allopuri
nol has raised a number of questions about the effect of 
allopurinol on de novo purine biosynthesis. In the first 
clinical trial of allopurinol, before it was known that a 
ribonucleotide derivative of allopurinol was formed,
Bundles et al. (1963) hypothesized that the nori-stoichio- 
metric increase in the urinary excretion of oxypurines 
(hypoxanthine and xanthine), which accounted for only one- 
fourth to one-seventh of the decrease in uric acid 
excretion, was due to the inhibitory effect of allopurinol 
ribonucleotide on the first step in purine biosynthesis.



However, Klinenberg, Goldfinger and Seegmiller (1965), in 
a study of eight gouty patients, one xanthinuric patient 
and three normal volunteers, did not find a large disparity 
in total purine production. Although five patients did 
show a decreased purine excretion, the magnitude was much 
smaller than that reported by Rundles et al. (1963). Be
cause the administration of allopurinol to the xanthinuric 
patient did not alter total purine production, the authors 
concluded that allopurinol had no independent effect on 
purine biosynthesis.

Adverse Effects and 
Drug Interactions

In over fifteen years of widespread clinical use, 
allopurinol has proven to be a safe and efficacious thera- 1 
peutic modality for the treatment of hyperuricemia. How
ever, despite early studies (Rundles et al., 1963; Yu and 
Gutman, 1964; Vogler et al., 1966) attesting to the lack 
of toxicity associated with allopurinol administration, 
subsequent reports have shown that allopurinol is not with
out adverse effects. Initially mild skin rash and gastro
intestinal upset were thought to be the most common side 
effects, occurring in approximately 10% of patients 
(Rundles, Metz and Silberman, 1966). More severe, life- 
threatening reactions consisting of hypersensitivity 
vasculitis (Jarzobski et al., 1970; Mills, 1971; Young,



Boswell and Nies, 1974; Boyer, Sun and Reynolds, 1977), 
toxic epidermal necrolysis (Kantor, 1970), granulomatous 
hepatitis (Simmons, Feldman and Gerety, 1972; Chawla et al., 
1977) and aplastic agranulcytosis (Greenberg and Zambrano, 
1972) have recently been reported. In the largest study 
published to date, Lang (1979) presented twenty cases of 
hypersensitivity reactions to allopurinol. These consisted 
of maculopapular cutaneous reactions in nine patients, 
exfoliative dermatitis in six. patients and toxic epidermal 
necrolysis in five patients. As in the previous cases of 
hypersensitivity reactions to allopurinol, seventeen of 
the twenty patients in Lang's group had been taking the 
drug two to six weeks before the reaction occurred. Six
teen patients had either pre-existing renal disease (eleven) 
or were taking thiazide diuretics concomitantly (five). 
Previous reports have also shown a link between prior renal 
insufficiency, thiazide use and hypersensitivity reactions 
(Boyle et al., 1977; Mills, 1971). Thus, Young et al.
(197.4) suggested that pre-existing renal disease and the 
administration of thiazide diuretics may be predisposing 
factors for the development of hypersensitivity reactions 
to allopurinol.

Oxipurinol, like uric acid, is reabsorbed by the 
renal tubules and its renal clearance is decreased in renal 
insufficiency (Elion et al., 1968), possibly resulting in
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higher, more prolonged blood levels. In addition, since 
thiazides inhibit the renal excretion of uric acid (Healy, 
Magrid and Decker, 1959) they may interfere with the clear
ance of oxipurinol, resulting in a predisposition to allo- 
purinol hypersensitivity. These concerns and others have 
prompted Liang and Fries (1978) to suggest that asymptomatic 
hyperuricemia be Conservatively managed. In Lang's study, 
however, 60% of the patients received allopurinol for the 
treatment of asymptomatic secondary hyperuricemia. Only 
one of these patients had a malignant disorder.

The use of allopurinol has also been implicated in 
a minor dermatological disorder (Boston Collaborative Drug 
Surveillance, 1972). Although it was not clear whether 
the increased incidence could be ascribed to allopurinol 
or hyperuricemia, it was observed that drug rashes were 
three times more prevalent (22.4%) in persons treated with 
ampicillin and allopurinol than in persons treated with 
ampicillin alone (7.5%). It seems likely, however, that 
this phenomenon was due to the combination of ampicillin 
and allopurinol because only 2.1% of hyperuricemic patients 
treated with allopurinol experienced drug rashes.

In addition to the metabolic effects mentioned 
previously, there is some evidence to suggest that allopuri
nol may inhibit drug metabolism in man. Vessel, Passananti 
and Greene (1970) showed that administration of allopurinol
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(2.5 mg/kg twice a day for fourteen days). to normal, 
healthy males prolonged the plasma half-life of 
bishydroxycoumarin and antipyrine. The proposed mechanism 
of this interaction, supression of hepatic microsomal 
enzyme activity, was based on rat studies which showed 
that treatment with allopurinol decreased the maximal 
rate of metabolism (Vmax). However, when allopurinol 
and dicoumarol were given to three patients, only one had 
a prolonged half-life (Pond et al. 1975). In other
studies, Rawlins and Smith (1973) and Pond et al. (1975) 
found no significant interaction between warfarin and 
allopurinol. In addition, allopurinol administration does 
not appear to affect theophylline clearance (Grygiel et al., 
1979) .

As mentioned previously, allopurinol seems to not 
only inhibit xanthine oxidase, but purine and pyrimidine 
biosynthesis as well (Beardmore and Kelley, 1971) . Be
cause such an effect could potentiate the effects of anti
metabolites on supressing hematopoiesis, the Boston 
Collaborative Drug Surveillance Program (1974) retro
spectively investigated that possibility. In 160 patients 
with non-leukemic neoplastic diseases, the 65 patients 
who received allopurinol and cytotoxic agents developed 
bone marrow depression more frequently than the 9 5 patients 
who did not receive allopurinol (p<0.005). Bone marrow
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depression was most frequently associated with cyclo
phosphamide therapy. It is difficult to interpret these 
results for several reasons. While there was some attempt 
to show that the characteristics of the two groups (allo- 
purinol recipients and non-recipients) were similar in 
terms of malignant disorders, there was no indication of 
the severity of the illness or the stage of the malignancy 
in any of the patients. Bone marrow depression was defined 
as leukopenia, drug-attributed thrombocytopenia or drug- 
attributed pancytopenia, yet there was no indication that 
the two groups were initially similar in regard to bone 
marrow reserve. In addition, one has no idea of doses 
employed for the cytotoxic drugs, whether they were similar 
in each group or for that matter, if both groups received 
similar drugs (except cyclophosphamide).

Pharmacokinetics '
The first study of allopurinol in humans that

yielded pharmacokinetic data was conducted in. 1966 (Elion
14 .et al. , 1.966) . C-allopurinol was given intravenously

to one. patient, orally to two others and its disappearance
from plasma was studied. Clearance from the plasma was
quantitated by measuring disintegrations per minute. The
radioactive components (allopurinol and oxipurinol) were
fractionated by means of a Dowex-50 column. Six hours
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after an intravenous dose all radioactivity in the plasma 
was due to the oxipurinol fraction. This suggested that 
the clearance of allopurinol from plasma, either by metabo
lism or excretion, was complete within six hours. The 
half-life of oxipurinol was found to be 28 hours by sampling 
plasma six to forty-eight hours after oral administration 
of allopurinol. Urinary excretion studies in four patients 
showed that unchanged allopurinol accounted for less than 
10% of the dose administered. Oxipurinol accounted for 
approximately 45% of the daily dose, but this is likely to 
be an underestimate of the true percent of oxipurinol found 
because urine was only collected for twenty-four hours.

Renal clearance of allopurinol was not calculated, 
while that of oxipurinol was found to be approximately 
20 ml/min in the three patients studied. , Low renal clear
ances, substantially less than glomerular filtration rate, 
would suggest that the prolonged clearance of oxipurinol 
from the plasma is due to tubular reabsorption. Elion et 
al. (1968) studied the influence of probenicid on oxipurinol 
elimination. In five patients receiving 600 mg of allo
purinol daily for five days, the mean renal clearance of 
oxipurinol was 16.5 ml/min. Administration of probenicid 
(1 gm orally) to three patients resulted in a twofold to 
threefold rise in the renal clearance of oxipurinol, sug
gesting that the reabsorption of oxipurinol (like uric acid) 
is blocked by probenecid.
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Even'though it was suggested by Elion et al. (1968) 
that oxipurinol might play a significant role in the thera
peutic effects of allopurinol, the short half-life of 
allopurinol has been misinterpreted by many, and multiple 
daily dosing is not uncommon. Rodnan et al. (1975) exam
ined the efficacy of a single daily dose of allopurinol in 
twenty hyperuricemic patients utilizing a cross-over design. 
After an initial washout period of two weeks, half of the 
patients received 100 mg of allopurinol three times a day 
and the other half received allopurinol once a day.
Following a second washout period, patients received the 
alternate regimen. Analysis of variance showed that there 
was no statistical difference between the first and second 
treatment periods or the two treatment regimens. It would 
appear that a single daily administration of allopurinol 
is an effective means of lowering the serum urate level.

Elion et al. (1966) also performed an equilibrium 
dialysis experiment using "*"^C-allopurinol and "^C-oxipurinol 
to determine the extent to which allopurinol and oxipurinol 
were bound to plasma proteins. Since there was no differ
ence in the concentrations of each drug inside the dialysis 
bag or in the dialysate after allowing them to equilibrate 
overnight, it was concluded that there was no appreciable 
binding of either drug to plasma proteins.
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A recent pharmacokinetic study of allopurinol was 
undertaken by Hande, Reed and Chabner (1978) in an effort 
to correlate serum allopurinol and oxipurinol levels with 
the subsequent development of hyperuricemia in patients 
undergoing treatment for malignant diseases. They used a 
novel method based upon inhibition Of reduced xanthine 
oxidase activity to measure allopurinol and oxipurinol 
concentration in serum. While the.assay is apparently 
sensitive to 0.01 yg/ml, it requires 4 ml of serum for 
each sample. Also, too few details have been published 
to adequately judge the selectivity of this method. The 
mean serum half-life was 39 minutes for allopurinol and 
13.6 hours for oxipurinol after intravenous injection of 
100 to 300 mg of allopurinol in eight patients with normal 
reanl function.. In two patients, the mean renal clearances 
of allopurinol and oxipurinol were also determined and 
found to be 16 ml/min and 27 ml/miny respectively. The 
slow renal clearance of allopurinol, coupled with its fast 
disappearance from plasma, suggests that the primary 
mechanism of allopurinol clearance from plasma is through 
metabolism. Because neither serial plasma samples nor 
successive urine collections beyond 24 hours were collected, 
a quantitative estimate of the percentage oxipurinol formed 
from a dose of allopurinol cannot be made. The renal 
clearance values for oxipurinol were higher than those
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determined by Elion et al. (1968), possibly accounting for 
the two-fold decrease in serum half-life observed by Hande, 
Reed and Chabner (1978) .

Hande and coworkers (1978) also investigated the 
effect of chronic allopurinol therapy on allopurinol 
pharmacokinetics. Since oxipurinol is a potent inhibitor 
of xanthine oxidase, significant plasma levels of oxipuri
nol resulting from long term therapy with allopurinol could 
theoretically inhibit the conversion of allopurinol to 
oxipurinol. No difference in the half-life of allopurinol 
was found when allopurinol was administered as an initial 
dose of 100 mg intravenously, or after these same patients 
had taken 300 mg of allopurinol orally for two weeks and 
were then given an intravenous dose. This finding prompted 
the authors to suggest that an alternate pathway (non
xanthine oxidase) for the conversion of allopurinol to 
oxipurinol is possible. Equally feasible, however, is the v 
possibility that the oxipurinol concentrations attained 
after chronic oral treatment fall in the flat portion of 
the dose-response curve of xanthine oxidase activity. 
Therefore, higher concentrations might have a more pro
nounced effect.

Despite its widespread clinical use for over fif
teen years , these are the only two studies in the literature 
dealing with the pharmacokinetics of allopurinol. Neither
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study has fully characterized the elimination kinetics of 
allopurinol or oxipurinol. Nor has either study addressed 
itself to potential problems in bioavailability, first pass 
effect or to adequately quantitating the metabolism of 
allopurinol to oxipurinol. This relative lack of informa
tion is probably due, in part,, to the problems encountered 
in assaying procedures.

Chemistry and Analytical Methods
Table 1 contains a number of physical constants for 

allopurinol. The first method used to determine allopuri
nol and oxipurinol concentrations in plasma involved liquid 
chromatography to separate the two xanthine oxidase in
hibitors from endogenous purines and from each other.
Elion et al. (1966) divided the total radioactivity mea
sured in the plasma and/or urine into allopurinol and 
oxipurinol fractions by using a Dowex-50 column eluted 
with 0.1M hydrochloric acid to separate the ^C-labeled 
allopurinol and oxipurinol.

Thin-layer and paper chromatography systems for 
allopurinol identification have also been described. These 
systems consist of a stationary phase of cellulose or silica 
and a mobile phase made up of a mixture of short chain al
cohols and water or chloroform (Benezra and Bennett, 1978). 
Both of the above methods are time consuming.
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Table 1. Physical Constants for Allopurinola

,Property

melting point 3 50°C
pka 10.2
solubility:

water 0.48 mg/ml
chloroform 0 . 60 mg/ml
ethanol 0.30 mg/ml
dimethylsulfoxide 4.60 mg/ml

aBenezra and Bennett (1978)
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The first high performance liquid chromatography 
(HPLC) method to determine allopurinol and oxipurinol in 
plasma was published by Endele and Lettenbauer (1975). 
Allopurinol and oxipurinol were separated from related 
compounds on an anion-exchange column after extraction 
from plasma with diethylether. Because there are many 
anions in the plasma possessing ultraviolet absorbance, 
their presence has resulted in a long analysis time and 
short column life. The sensitivity limit was reported 
to be 0.5 pg/ml in plasma.

Brown and Bye (1977) reported an improved HPLC 
analysis. Plasma samples were cleaned up with the use of 
low pressure liquid-exchange chromatography. This pro
cedure is based on the observation that allopurinol, 
oxipurinol, hypoxanthine and xanthine selectively bind to 
Cu++ ions. The compounds of interest are then eluted from 
the column. Although this method represents a,considerable 
gain in selectivity and sensitivity (0.01 pg/ml) it is both 
complex and time consuming.

An HPLC method utilizing a reverse-phase column for 
determining allopurinol and oxipurinol concentrations in 
plasma has . recently been reported by Kramer and Feldman 
(1979) . The supernatant obtained from 1 ml of plasma pre
cipitated with trichloroacetic acid is injected directly
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onto the column. This method is troubled by plasma inter
ference possibly because there is no clean-up step.

A new procedure for quantitating allopurinol and 
oxipurinol in plasma utilizing a gas chromatograph with a 
nitrogen-phosphorous detector has recently been developed 
by Kessler, Mayersohn and Perrier (personal communication). 
This method measures the ethylat.ed derivatives of allopuri
nol and oxipurinol, respectively, formed by their reaction 
with iodoethane in tetramethy1ammonium hydroxide (TMH).
This method potentially offers the advantages of greater 
sensitivity, selectivity and shorter analysis time compared 
to current HPLC procedures, and will be the method of 
analysis in. this study.



DESIGN OF STUDY

Introduction
In order to investigate the pharmacokinetics and 

bioavailability of allopurinol in man, approval for the 
investigation was obtained from the Human Subjects Ethical 
Review Committee at the. University of Arizona Health 
Sciences Center. After explanation of the investigation, 
informed consent was obtained from each subject prior to 
their participation (see Appendix A). Because sodium allo
purinol for injection is an investigational drug, FDA Form 
1571 (A Notice of Claimed Investigation Exemption for the 
New Drug by an Individual Physician Investigator) was com
pleted and filed with the Food and Drug Administration with 
reference to the Investigational New Drug Application (IND 
#5428) of Burroughs Wellcome Company. Approval for the use 
of sodium allopurinol for injection, in this study, was 
obtained from the Food and Drug Administration.

Methodology
All subjects involved in this investigation were 

normal, healthy adult males between the ages of 23 and 38. 
Body weights ranged from 74.1 kg to 94.6 kg. Subjects 
were taking no other medications during the study period

31
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and were judged in good physical condition, without evi
dence of hyperuricemia or gout, and with no renal or liver 
function abnormalities as judged by appropriate blood bio
chemistries .

Each subject received three different dosage forms 
of allopurinol: 500 mg intravenously, two 300 mg tablets
(orally) and two 300 mg suppositories (rectally). Sodium 
allopurinol for injection was kindly supplied by Burroughs 
Wellcome Company, lot number 93 2713. Zyloprim^ 300 mg 
oral tablets, lot number 902247 were used for the oral 
doses and for the extemporaneous compounding of allopuri
nol suppositories in cocoa butter and in a polyethylene 
glycol base. The cocoa butter suppositories were prepared 
by triturating the oral tablets to a fine powder and adding 
5 ml 2% carboxymethy1cellulose to form a paste. The tablet 
paste was then incorporated into a suficient quantity of 
melted cocoa butter and poured,into suppository molds to 
congeal. The polyethylene glycol (PEG) suppositories were 
a mixture of 96% PEG 1000 and 4% PEG 4000. The allopurinol 
tablets were triturated as before and incorporated into the 
melted suppository base without the use of carboxymethyl- 
cellulose. All suppositories were made prior to the 
initiation of the study and kept refrigerated until they 
were needed. Subjects were randomized by factorial design 
so that no two subjects completed the three portions of the 
study in the same sequence.
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In the intravenous portion of the study, .500 mg of 
sodium allopurinol was diluted in 50 ml of Dextrose 5% water 
and administered over fifteen minutes. Blood samples were 
obtained immediately prior to the infusion and at the fol
lowing times after the infusion: 0, 5, 10, 15, 30 and 45
minutes; 1, 1.5, 2, 2.5, 3, 4', 6, 8, 10, 12, 24, 36, 48, 60 
and 7 2 hours. Ten ml blood samples for the first twelve 
hours were obtained through a heparin lock in the contra
lateral arm. After twelve hours, all samples were obtained 
by venipuncture and were collected in vacutainer tubes with 
anticoagulant. Although Kramer and Feldman's (1977) obser
vations about the time dependent degradation of allopurinol 
in whole blood were not reproducible (Sved and Wilson, 1980), 
all samples up to 72 hours were centrifuged immediately af
ter collection and kept frozen until assayed. All samples 
were assayed.within four days of their collection.

For the oral portion of the investigation, two
R300 mg allopurinol (Zyloprim ) tablets were given with 

8 ounces of water. All subjects were asked to fast for 
8 hours prior to the oral dose and for 4 hours after the 
dose. Blood samples were collected in the manner previously 
described, immediately prior to the dose and at 0^25, 0.5, 
0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24, 36, 48, 60 
and 72 hours after the dose.
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In the rectal portion of the study, two 300 mg 
extemporaneously compounded allopurinol suppositories, in 
either a cocoa butter base or a polyethylene glycol base, 
were administered rectally by each subject, making sure 
penetration was past the sphincter. A minimum retention 
time of 6 hours was made a necessary requirement for the 
assessment of absorption from the Suppository, The time 
of expulsion of the suppository, as well as the time of 
the first bowel movement, were accurately recorded. All 
subjects were asked to fast as was done for the oral 
experiment. Blood samples were collected in the same 
manner described before and collection times were identi
cal to those used in the oral portion of the study. Sam
ples after 12 hours were obtained by multiple venipuncture. 
In all cases, the exact time of each collection was noted 
on both the collection tube and the data collection sheet.

All plasma samples were assayed for allopurinol 
and oxipurinol concentration by the principal author in the 
Ruth E . Golding Clinical Pharmacokinetics Laboratory at the 
University of Arizona.College of Pharmacy, by gas-liquid 
chromatography using a nitrogen detector. The procedure 
used is a slight modification of the method described by 
Kessler, Mayersohn and Perrier (personal communication). 
Three-tenths ml 20% TCA was added to 1.0 ml plasma to 
precipitate the protein. Each sample was then vortexed for



fifteen seconds and centrifuged* at 3500 RPM for four min
utes . A 0.5 ml aliquot of the supernatant was transferred, 
to another test tube and 0.035 ml 2.5 N NaOH was added to 
raise the pH to 6. Two ml 1-butanol containing 2.0 ug/ml 
of beta-hydroxypropyl theophylline (internal standard) was 
added, and this mixture was vortexed for fifteen seconds. 
Following centrifugation for two minutes at 3500 RPM,

R2.0 ml of 1-butanol were transferred to 3 ml Reacti-vials 
and evaporated to dryness under nitrogen in a 60°C water 
bath. Allopurinol and oxipurinol were derivatized to their 
diethyl and triethyl derivatives respectively by adding 
0.075 ml 1 M tetramethyl ammonium hydroxide (TMH) and 
0.050 ml iodoethane, and heating for twenty minutes at 
60°C. Each sample was then extracted with 2.0 ml hexane 
and evaporated to dryness under nitrogen. Each sample was 
reconstituted in 0.015 ml ethyl acetate and 0.003 ml was 
injected into a quarter inch glass column packed with 3% 
SE^30 on 100/120 mesh chromosorb Q. The injection port 
and detector temperatures were held at 250° and 300°C, 
respectively. The oven temperature was programmed to in
crease from 170° to 230oC at a rate of 8°C/min and to hold 
the final temperature for 2 minutes. The hydrogen flow 
rate was 4 ml/min, while the nitrogen and air flow rates 
were 30 and 80 ml/min, respectively. Linearity and repro
ducibility of the assay were determined by running five
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point concentration curves in triplicate on three days. 
Allopurinol.concentrations ranged from 0.3125 yg/ml to
5.0 yg/ml. The oxipurinol concentrations ranged from 
0.625 yg/ml to 10.0 yg/ml. A Hewlett Packard gas chromato
graph (5711A) equipped with nitrogen detectors was used 
for all drug analyses.

Data Analysis - 
Plasma concentrations of allopurinol and oxipurinol 

were calculated from their peak heights relative to the 
internal standard using the calculated regression lines 
from calibration curves done on the same day. The plasma 
concentration (C) versus time (t) profiles of allopurinol 
and oxipurinol following intravenous, oral and rectal doses 
were fitted by computer utilizing the nonlinear regression 
analysis program NONLIN (Metzler, 1969),

The intravenous allopurinol data were fit to equa
tions appropriate for linear one and two compartment 
models,

C = C0 -e" 3ot (1)

C = A' - e ̂ t  + B’ • e 6 t (2)
where C is allopurinol plasma concentration, C°, A1 and 
B 1 are coefficients, qand 3 are first-order rate constants 
and t is time. Various weighting functions were used in 
fitting the data. The appropriate compartmental model was
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determined statistically by using an F-test (Boxenbaum, 
Riegelman and Elashoff, 1974) . The elimination half-life 
(t^) of allopurinol. was determined from the computer- 
generated value for the terminal elimination rate 
constant (3),

th = °‘693/e (3)
Because the infusion lasted for 0.25 hours it. is necessary 
to correct the coefficients of a two compartment model,
A' and B', for that time. This was accomplished with the 
following equations (Gibaldi and Perrier, 1975),

A . A'-X°-a
K b ( l -e "aT)

~ B = - - - - i f  (5)Ko(l-e'ST)
where X° is the intravenous dose, Ko is the rate if in
fusion and T is the duration of the infusion. The corrected 
values of the coefficients and the computer-generated rate 
constants may then be used to determine the total area 
under the allopurinol plasma concentration-time curve 
(AUCq) ,

A<  = £ + | (6)
The trapezoidal rule may also be applied to all 

concentration-time points to determine the AUC from the 
end of the infusion to the last measured concentration
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value (Ct) at time T (AUC^). The initial area from time
Tzero to the end of the infusion (AUCo) may be calculated

from the equation,
AUG* * %(Ct )-(T)' (7)

where is the plasma concentration at the end of the 
infusion. The area from the last measured concentration

COto time infinity (AUCt) may be calculated from,

AUC” = £t (8)
' 6 ■

where 6 represents the computer-generated value. The
00total area under the curve (AUC0) will be equal to the 

sum of the individual areas,

AUC” = (AUG)j + (AUC)^ + (AUC)“ (9)

Allopurinol total body clearance (Cls) may then be deter
mined from,

rO
(AUC)1

Cls = —  --- CIO)
o

The apparent volume of distribution (Vd) may be calculated 
from,

Vd = (11)

The allopurinol plasma concentration-time data after oral 
and rectal administration was fit to an equation appropri
ate to a one compartment model assuming drug absorption to 
follow either first-order kinetics or zero-order input.
The corresponding equations are,
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C = (12)

C = K° ,F (l-e"3T)•e'3t = A*(i-e“3T)-e'3t (13)3-Vd

where Ka is the apparent first-order rate constant for 
absorption, F is the fraction of the oral or rectal dose 
(X°) absorbed and Ko is the apparent zero-order rate of 
absorption. In equation (13) , T, represents the time 
during which absorption takes place (analogous to an 
infusion time) and it was set as a parameter when the 
data were fit by the computer program. The area (AUC^) 
was determined by the trapezoidal rule using all data 
points up to time t and the terminal area (AUC“) was 
determined from equation (8). The sum of these two areas 
gives the total area, AUC” . The absolute oral and rectal 
allopurinol availability (F) may be calculated from the 
following equations,

F = (AUCo)po x X°iv (14)
(AUC”) iv X°po

P _ (AUCq)rectal x X°iv
(AUC” )iv X°rectal

(15)

where the subscripts refer to the oral (po) and rectal 
values.
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The extent of hepatic first-pass metabolism 
expected upon oral dosing and based upon the intravenous 
allopurinol data was determined from,

£ = £„ X°iv hepatic clearance
(AUCq)iv•hepatic blood flow = 1- hepatic blood flow (16)

where f is the fraction of an oral dose absorbed intact 
into the systemic circulation. Hepatic clearance of allo
purinol is assumed to be equal to total body clearance 
and hepatic blood flow was assumed to have a value of 
1.5 L/min (Bradley, Inglefinger and Bradley, 1952).

Oxipurinol plasma concentration-time data after 
intravenous, oral or rectal allopurinol administration 
were fit to a one compartment model, and assuming first- 
order oxipurinol formation and elimination,

c - A-(e-km‘t-e-B 't3 (17)
where km is the first-order elimination rate constant for 
oxipurinol. The value of km was determined from either 
the fit of the oxipurinol data employing equation (17) or 
from a linear least squares regression analysis of the 
terminal data. In the latter instance, the data were 
analyzed using the natural logarithm of the oxipurinol 
plasma concentrations.



RESULTS AND DISCUSSION

Assay
Standard curves for both allopuri.nol (0. 3125-5. 0 

Ug/ml) and oxipurinol (0.625-10.0 pg/ml) were generated 
in triplicate on three consecutive days to examine the 
reproducibility and linearity of the assay procedure 
(Table 2). Because of the interday variability found, 
standard curves for allopurinol and oxipurinol were gen
erated on each day that a subject's samples were assayed.
In an effort to further minimize the day to day varia
bility, a complete set of plasma samples, from time zero 
through seventy-two hours, was analyzed on one day.
Tables 3 and 4 present the slopes, y-intercepts and corre
lation coefficients for the standard curves that were used 
to calculate the subjects' allopurinol and oxipurinol 
plasma concentrations. Not only is there an excellent 
linear correlation over the concentration ranges examined, 
it can also be seen that the calculated linear regression 
lines are in reasonable close agreement from day to day.
The most likely explanation for this decrease in day to day 
variability is column reconditioning. Inspection of Table 
2 reveals a clear trend. At almost any given concentra
tion for either allopurinol or oxipurinol, the peak height



Table 2 Allopurinol and Oxipurinol Standard Curves

Concentration Peak Height Ratio 
(lig/ml) Allopurinol Oxipurinol

Allopurinol Oxipurinol
Intersample Interday Intersample Interday 
Mean + SD Mean + SD Mean t SB. Mean + SB

0.312 5 0.11
0.11
0.11

0 ,11+0.0

0.14
0.13
0.10

0.128+0.02
0 .12+ 0.02

0.14
*

0.62 5

1.25

0 .29 0,.11
0 . 4 2 0..12
0 .34. 0,.14

0,.095 0.. 14
0..14 0..12
0,.17 0,.13
0..15 0.. i i
0,.15 *.
0,.15 *

0.. 53 0.. 22
0..4 25 0.,23•A . 0.,25

0.35+0.06

0.48+0.07

0.123+0.02

0.135+0.04 0.21+0.11 0.13+0.01 0.12+0.01

0.15+0.0

0.23+0.02



Table 2. Continued.

Concentration
(Mg/ml)

Peak Height Ratio 
Allopurinol Oxipurinol

Allopurinol 
Intersample Interclay 
Mean + SO Mean + SD

Oxipurinol 
Intersample Interday 
Mean + SD Mean + SD

0.33
0.27
0.19

0.16 
0.23 
0.2 2

0.26+0.07 0.33+0.11 0. 20 + 0.04 0.20+0.04

0.31
0.30

A

0.14
0.17
0.17

0.305+0.007 0.16+0.02

2.5 1.34
1.36

A

0.41
0.45

A
1.35+0.01 0.43+0.03

1.02
0.9 5

*

0.33
0.29
0.28

0.985+0.05 1.01+0.26 0.30+0.03 0.3 2+0.08

\
0.90
0.92
0.62

0.25
0.25.

A
0.81+0.17 0.25+0.0

5.0 1.66
1.84
1.40

0.625
0.71

A
1.63+0.22 0.668+0.06

1.96
2.13
2.36

0.66
0.62

A
2.15+0.20 1.8 5+0.34 0.64+0,03 0.60+0.08



Table 2. Continued.

Concentration. Peak Height Ratio 
(jjg/ml) Allopurinol Oxipurinol

Allopurinol 
Intersample Interday 
Mean + SD Mean +SD

Oxipurinol 
Intersample Interday 
Mean + SD Mean + SI)

2.03
1.4 2 *

0.49
0.58 1.73+0.43 
0.50

0.52+0.05

10.G 1.36
1.58
1.11

1.3 5+0.24

1.32
1.45
1,38

1.38+0.07 1;35+0,14

1.23
1.38A 1.30+0.11

*lost samples
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Table 3. Allopurinol Standard Curves

Date Slope Y-intercept r2

5/17 0.419 -0.048 0.99
5/21 0.397 0.025 0.99
6/3 0.39 5 -0.050 0.99
6/9 ' 0.409 -0.134 0.98
6/13 0.405 -0.15 0.99
6/16 0.250 -0.026 0.98
6/ 24 0.482 0.023 0.99
6/27 0.587 -0.01 0.99
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Table 4. Oxipurinol Standard Curves

Date Slope Y-intercept r2

5/17 0 .'.287 -0.0 70 0.99
5/21 0.209 -0.062 0.99
6/3 0.183 -0.047 0.99
6/9 0.142 -0.014 0.97
6/13 0.086 0.03 0.98
6/16 0.097 0.013 0.97
6/24 0.131 0.177 0.99
6/27 0.200 0.04 0.99
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ratios decrease from top to bottom. The first three samples 
were done on day 1, the next three bn day 2 and the last 
three on day 3. While there was no broadening or tailing 
of peaks, typically indicative of column deterioration seen 
in the third standard curve, it was decided to recondition 
the column the night before a subject's samples were to be 
assayed. This was accomplished by injecting 20 pi of 
Silyl-8^ onto the column three times over a five minute 
period and keeping the oven temperature over 200°C until 
the following morning.

Figures 3A and 3B are typical chromatograms. Fig
ure 3A is a plasma blank from one subject (with internal 
standard only). Figure 3B is a spiked plasma sample con
taining 1.25 pg/ml allopurinol and 2.5 pg/ml oxipurinol, 
the mid-range concentration for each standard curve. , It 
is of interest to note that although the oxipurinol con
centration is twice the allopurinol concentration, the 
peak height ratios are not twice as high. This is a 
thoroughly consistent finding. The peak height ratios 
for oxipurinol were, on occasion, as high as those result
ing from the corresponding allopurinol concentrations 
(one-half: the oxipurinol concentration), but in most cases 
were lower. This phenomenon is probably best explained by 
a greater extraction efficiency for allopurinol vs. oxi
purinol. Derivatized allopurinol has a retention time of
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Figure 3

a

j— i— i— :___i___i_____ 1 1  i i i t
1 2 3 4 5 6 1 2 3 4 5 6

Tim e,  mln.

Typical G. C . chromatograms following extrac
tion of 1.0 ml of plasma with 2.0 ml of 
1-butanol.
Subject #6 plasma blank chromatogram containing 
only internal standard (2.0 yg/ml). - - IS = 
internal standard (£-hydroxypropyl theophylline).
Spiked plasma standard containing 1.25 yg/ml 
allopurinol and 2.5 yg/ml oxipurinol and 2.0 
yg/ml internal standard. - - A = allopurinol,
0 = Oxipurinol, IS = internal standard (£- 
hydroxypropyl theophylline).
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2.2 minutes, and derivatized oxipurinol’s retention time 
is 4.2 minutes. The retention time of the derivatized 
internal standard, beta-hydroxypropyl theophylline, is
5.2 minutes. The other peaks in the chromatogram are 
possibly due to the extraction of endogenous purines from 
the plasma. 1-Butanol is a very polar organic solvent 
capable of extracting polar plasma constituents. Other 
organic solvents were examined as extracting solutions 
(Kessler, Perrier and Mayersohn, personal communication), 
but none were as efficient as 1-butanol. Since these 
extraneous peaks were found not to interfere with alio - 
purinol and oxipurinol plasma determinations, 1-butanol 
was used as the extraction solvent.

Intravenous Allopurinol 
Plasma concentration-time data were analyzed by a 

non-linear regression computer program, NONLIN (Metzler, 
1969) . A mono- or biexponential equation with various 
weighting functions was used to describe these data after 
intravenous dosing. A natural logarithm weighting function 
was chosen in favor of the other weighting functions, based 
on a comparison of sums of weighted squared deviations, 
coefficients of variations and the presence or absence of 
negative confidence intervals in the parameters generated. 
The decision to describe the data by either a single ex
ponential or biexponential equation was made by an F-test
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(Boxenbaum, Riegelman and Elashoff, 1974) . Table 5 shows 
the results of the statistical tests. In all cases, a 
biexponential equation (2) was found to give a signifi
cantly better fit than a single exponential equation 
(p<0.0 5).

Appendix B contains, in tabular form, the plasma 
concentration-time data for each subject, while Appendices 
C, D, E and F contain the graphical display of these data 
with the line of best fit generated by non-linear regres
sion analysis. Values for the volume of distribution (Vd), 
plasma clearance (Cls) , terminal disposition rate constant 
(3) and elimination half-life (t%) for each subject can 
be found in Table 6.

The mean volume of distribution calculated after 
the intravenous dose was found to be a 1.61 + 0.74 L/kg 
(mean + S.D.). The mean elimination half-life (t^) for 
allopurinol after the intravenous dose calculated from the 
mean terminal disposition rate constant (3) was 1.62 hours, 
and ranged from 0.93 hours to 3.85 hours. Elion et al. 
(1966) did not report a half-life for allopurinol, but 
they showed that clearance from plasma was complete within 
six to eight hours. The mean serum half-life for allo
purinol reported by Hande, Reed and Chabner (1978) is 
considerably shorter than the one calculated here (1.62 
hours). Although it is difficult to explain this disparity,



Table 5. Statistical Analysis of a Mono- or Biexponential Equation Used to Analyze
Allopurinol Plasma Concentration-Time Data After Intravenous Administration 
of Allopurinol.

Subject Model
Weighting
Factor

Sums of Weighted 
Squared Deviations(WSs) df F Value Significance

1 single exponential In , 2.469837 10 74.0412 P < 0.001
biexponential In 0.126591 8

2 single exponential In 1.879033 10 6.9373 P < 0.05
biexponential In 0.687197 8

3 single exponential In 2.469523 11 6.4902 P < 0.025
biexponential In 1.011156 9

4 single exponential In 0.937792 8 13.3123 P < 0.01
biexponential In 0.172469 6

5 single exponential In 2.458122 11 55.8783 P < 0.001
biexponential In 0.183204 9

6 single exponential In 0.954522 11 5.1191 P < 0.05
biexponential In 0.446544 9
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Table 6. Summary of the Pharmacokinetic Parameters of 
Allopurinol Following Intravenous Allopurinol 
Administration.

Subject Cls(ml/min/kg) Vg(L/kg) 6 (hr-1) t̂s (hr)

1 7.40 2.46 0.180 3.85
2 12.83 2.08 0.370 1.87
3 4.42 0.46 0.581 1.19
4 13.93 1.12 0.745 0.93
5 9.45 2.09 0.290 2.39
6 9.67 1.44 0.402 1.72
+ S.D. 9.62 + 3.49 1.61 + 0.74 0.428
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it should be noted that the doses employed in the present 
study were larger (500 mg vs. 100-300 mg). In addition, 
Hande and coworkers (1978) collected samples for only 
three hours after the dose while in all of the subjects 
in this study except one (subject #4 who had the shortest 
half-life) plasma concentrations were measured for at least 
five hours.

The mean plasma clearance of allopurinol was found 
to be 9.62 + 3.49 ml/min/kg. One would expect that if the 
volumes of distribution were similar between this study and 
Hande, Reed and Chabner's (1978) work, the plasma clearance 
values should be much higher in their investigation. If 
one plots the data points for each subject in Hande’s 
study, areas under the curve (AUC) may be determined by 
the following equation,

where C° is equal to the extrapolated concentration at time 
zero (y-intercept) and k is the elimination rate constant. 
Plasma clearance (Cls) may then be calculated from equa
tion (10). When this was done, the mean plasma clearance 
value was found to be 23.55 + 18.45 ml/min/kg, which is a 
value 2.45 times as large as the average clearance value 
calculated in the present study. If one multiplies the 
mean allopurinol half-life from Hande's study (39 minutes) 
by 2.45, the value obtained is 1.59, an excellent agreement
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with the mean elimination half-JLife of 1.62 hours reported 
in the present investigation. The most plausible explana
tion for this discrepancy is length of sampling time. As 
mentioned previously, in the half-life discussion, the sub
ject with the shortest half-life in our study had plasma 
concentrations that were measurable out to only three hours. 
Because Hande et al. (197 8) measured serum concentrations 
in their patients only to three hours, they may have under
estimated the area under the plasma concentration time 
curve for allopurinol resulting in an overestimation of 
plasma clearance. In addition, a significant underestima
tion of area under the plasma concentration-time curve may 
have resulted by not assaying samples until fifteen minutes 
after the intravenous dose.

Oral Allopurinol 
The plasma concentration time curves following oral 

administration of allopurinol were fit with both a first- 
order and a zero-order rate constant for absorption, again 
employing various weighting factors, in an attempt to find 
the equation that best described the data. Models employing 
a first-order absorption rate constant were found to in
adequately describe the data. Depending on the weighting 
factor used, either the initial part of the curve was well 
described with the terminal portion of the curve described
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poorly, or the initial part of the curve was described 
poorly with the terminal portion being described well.
A zero-order model for absorption was found to fit the 
data much better. The decision as to which weighting 
factor to use was again decided on the basis of comparing 
the sums of weighted squared deviations, the coefficients 
of variation and the presence or absence of negative confi
dence limits in the parameters generated. As with the in
travenous dose, a natural logarithm weighting factor was 
chosen. In all cases a single exponential" equation (13) 
was used to describe the data. Employing a zero-order 
infusion model does not necessarily mean that absorption 
of oral allopurinol is concentration dependent (zero-order). 
In an attempt to discern whether the absorptive process is 
zero-order or first-order, the method of residuals was 
applied to the oral allopurinol plasma concentration-time 
data. If the absorption process was first-order, one would 
expect a plot of the residuals to be linear on semi-log 
paper. If, however, the absorption process was zero-order, 
a plot of the residuals would yield a curved line on semi
log paper. While it appeared that for some subjects a 
zero-order absorption process might describe the absorptive 
phase, the results are not clear for several reasons.
First, there are too few data points to accurately plot 
the residual data (in most cases only three points).
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Second, there is some fluctuation in the early plasma 
concentration time points making it difficult to assess 
whether the residual line is straight with some variance 
or is actually curvilinear.

The elimination half-life (t^) for allopurinol 
after the oral dose, calculated from the mean terminal 
disposition rate constant (3), was 1.86 hours with a range 
from 1.46 hours to 2.77 hours (Table 7). Although no sta
tistically significant difference was found between the 
mean terminal disposition rate constants following intra
venous and oral allopurinol administration (paired t-test, 
df=5, p > 0.05)) the elimination half-lives tended to be 
longer (although not significantly so) after oral admini
stration. This may be explained by the fact that absorption 
may still be occurring in the elimination phase. There is 
generally very close agreement between each individual sub
jects’ disposition rate constants after oral and intravenous 
allopurinol.

The time to reach maximum plasma concentration 
(tmax) after oral administration of allopurinol was deter
mined by the computer program by setting T (equation 13) 
as a parameter when the data were fit. The mean time to 
attain maximum plasma concentration in all six subjects 
was 1.97 + 1.32 hours. There was considerable intersubject 
variability as the values of tmax ranged from 0.51 hours to 
3.57 hours.
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Table 7. Comparison of the Elimination Half-life of 

Allopurinol Following Intravenous and Oral 
Administration of Allopurinol

Intravenous Oral
Subject 6(hr*1) (hr) 3(hr-1) (hr)

1 0.180 3.85 0.249 2.77
2 0.370 1.87 0.429 1.62
3 0. 581 1.19 0.420 1.65
4 0.745 0.93 0.475 1.46
5 0.290 2.39 0.279 2.48
6 0.402 1.72 0.380 1.82
+ S.D. 0.428 1.62* 0.372 1.86*

t 0.204 t 0.089

*From th = 0 •■69- - mean 3
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Area under the plasma concentration time curves, 
from zero to infinity (AUCq ) for both intravenous and oral 
allopurinol were determined by the trapezoidal rule (equa
tion 9). Areas following the intravenous dose were also 
determined by equation (6). Because allopurinol was in
fused over fifteen minutes, equations (4) and (5) were 
used to adjust the area calculations for infusion time. 
Trapezoidal areas were also corrected for infusion time 
by the addition of equation (7). Table 8 presents a com
parison of the area calculations by each method for the 
individual subjects. Trapezoidal areas following oral 
administration of allopurinol were then compared to trape
zoidal areas following intravenous administration of allo
purinol to determine the absolute oral bioavailability of 
allopurinol. The average absolute oral bioavailability 
was found to be 0.67 + 0.23, with a range from 0.41 to 
1.07. Individual subjects’ absolute oral bioavailability 
values can be found in Table 9. Based on these calcula
tions, it would appear that approximately 30% of an oral 
dose is unavailable to the systemic circulation due to 
incomplete absorption or pre-systemic or first-pass 
metabolism. From this data it is not known whether pre- 
systemic metabolism, if it occurs, takes place in the liver 
or within the gastrointestinal tract. An estimate of 
first-pass metabolism that is due to the liver can be made
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Table 8. Comparison of AUCq Following Intravenous
Administration of Allopurinol Calculated by 
A/a + B/g and by the Trapezoid Rule.

Subject Equation*
AUC"(yg/hr/ml) 
Trapezoidal Rule

T—4 14.17 14. 51
2 8.76 8.86
3 19.89 18 . 57
4 7.31 7.04
5 11.76 11.40
6 10.98 11.19

*AUC~ = A/a + B/g
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Table 9. Absolute Oral Bioavallability of Allopurinol

Subject
AUCq Cp .o .)
(Ughr/ml)

AUCq (i.v.) Dose 
(ughr/ml) IV

(mg)
PO F

1 9.82 14.51 500 600 0.56
2 11.35 8.86 500 600. 1.07
3 16.68 18.57 500 600 0.75
4 5.63 7.04 500 600 0.67
5 5.62 11.40 500 600 0.41
6 7.75 11.19 500 600 0.58

mean + S.D. 0.67 + 0.23
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made from equation (16). In order to use this equation, 
several assumptions have to be made. Oral absorption is 
assumed to be complete. Because liver blood flow was not 
determined in each subject, an average value of 1.5 L/min 
was used (Bradley, Inglefinger and Bradley, 1952). Total 
plasma clearance values were used for hepatic clearance 
with the assumption that greater than 90% of allopurinol 
is converted to oxipurinol by the liver. It is difficult 
to ascertain the validity of that assumption. In the only 
study published to date, Elion et al. (1966) found that 
oxipurinol accounted for approximately 45% of the daily 
dose of allopurinol. However, it is likely that this is 
an underestimation of the true percentage of oxipurinol 
formed because urine was collected and assayed for only 
twenty-four hours. In addition, Elion et al. (1966) found 
that unchanged allopurinol accounted for less than 10% of 
the daily dose. No other metabolite has been identified 
to account for the remaining 45% of the administered dose. 
Table 10 compares the predicted availability with the 
calculated absolute oral bioavailability. There is excel
lent agreement in four of the six subjects suggesting that 
in these people the assumptions were valid. Although there 
was no statistically significant difference in the pre
dicted mean availability versus the observed mean availa
bility (paired t test, df = 5, p > 0.05) the predicted and
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Table 10. Predicted Availability of Allopurinol Versus 
Calculated Availability.

Subject Predicted* Observed**

1 0.61 0. 56
2 0.37 1.07
3 0.72 0.75
4 0.24 0.67
5 0.53 0.41
6 0.49 0.58
+ S.D. 0.49 + .17 0.67 + 0.23

*From equation (16)
**From equation (14)
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observed values in two subjects were not in agreement. In 
both cases, the predicted value was an underestimation of 
the observed value. There are at least three possible 
explanations for this discrepancy. The average value for 
liver blood flow chosen, 1.5 L/min, may be an underestimate 
of the true hepatic blood flow, or the calculated plasma 
clearance values may be an overestimate of hepatic clear
ance, or a combination of these two factors.

Qxipurinol Disposition 
As with the allopurinol plasma concentration-time 

data following intravenous and oral administration, the 
plasma concentration-time curves of oxipurinol resulting 
from allopurinol administration were analyzed by non-linear 
regression analysis. However, even after employing a 
first-order and a zero-order input rate constant with the 
various weighting factors, a satisfactory fit could not 
be obtained. Different models and different weighting 
factors adequately described either the initial or terminal 
portion of the curve, but no model or weight satisfactorily 
described the entire curve. Part of the problem in fitting 
the oxipurinol concentration-time curves following admini
stration of allopurinol was the large and variable fluctua
tions in plasma concentrations of oxipurinol in the early 
samples (Appendix E and F). This fluctuation occurred in 
all subjects up to approximately 6 hours after the
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allopurinol dose. It is possible that this phenomenon is 
due to assay variability. However, this seems unlikely 
because of its occurrence in all six subjects, and the fact 
that the assay was not that variable in measuring plasma 
concentrations in the terminal portions of the oxipurinol 
curves. It may be possible that allopurinol is affecting 
the disposition of oxipurinol. This pronounced fluctua
tion does not occur beyond the time when allopurinol 
plasma concentrations would be minimal or non-existent.
There is no evidence, however, to support this hypothesis.

Natural logarithm-linear regression analysis was 
used to fit the terminal portion of the oxipurinol plasma 
concentration-time data after both the intravenous and 
oral administration of allopurinol. The calculated y- 
intercepts and slopes (elimination rate constants) describ
ing the line of best fit as well as the resulting elimination 
half-lives and correlation coefficients for each subject are 
presented in Tables 11 and 12. The mean elimination half- 
life of oxipurinol calculated from the mean terminal 
disposition rate constant (3) after intravenous administra
tion of allopurinol was 16.90 hours, with a range of 11.99 
hours to 22.35 hours. After oral administration, the mean 
elimination half-life of oxipurinol calculated from the 
mean disposition rate constant was 19.80 hours with a range 
of 15.06 hours to 28.87 hours. Statistical comparison of
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Table 11. Disposition Parameters of Oxipurinol after 
Intravenous Allopurinol Administration.

Subject
Y-intercept 

(lag/ml) 6 . (hr'l) t*5(hr) r2

1 10.74 0.058 11.99 0.91
2 3.35 0.032 21.65 0.96
3 3.18 0.051 13.59 0.88
4 4.14 0.033 21.06 0.88
5 10.03 0.041 16.78 0.93
6 5. 57 0.031 22.35 0.92
+ S . D . 0.041 

+ 0.011
16.90*

*From *51 = °'69fmeanp
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Table 12. Disposition Parameters of Oxipurinol 
Oral Allopurinol Administration

after

Subject
Y-intercept 

(pg/ml) (hr-1)
th
(hr) r2

1 7.09 0.037 18.73 0.96
2 3.43 0.024 28.87 0.96
3 6.69 0.046 15.06 0.94
4 5.64 0.032 21.65 0.98
5 3.98 0.029 23.41 0.92
6 4.10 0.041 16.78 0.93

Mean + S.D. 0.035 
+ 0.008

19.80*

*From = 0-—mean3



67
the two mean disposition rate constants with a paired t- test 
showed no statistically significant difference (df = 5, 
p > 0.05) . Closer inspection of the individual subject 
disposition rate constants and resulting elimination half- 
lives shows that in all but one case the oxipurinol elimi
nation half-life was longer following the oral dose than 
after the intravenous dose. Absorption of allopurinol or, 
in this case, formation of oxipurinol, may still be occur
ring during the elimination phase, which could explain the 
discrepancy. The oxipurinol elimination half-life reported 
in this investigation is comparable, but somewhat shorter 
than the oxipurinol half-life of 28 hours reported by 
Elion et al. (1966) , and longer than the 13.6 hours re
ported by Hande et al. (1978) . Again, it should be noted 
that Hande and his co-workers collected serum samples for 
only twenty-six hours while we measured oxipurinol concen
trations in all subjects (except subject 1, following intra
venous allopurinol) for at least forty-eight hours.

Although one cannot calculate the bioavailability 
of a drug that undergoes first pass metabolism from its 
metabolite, a comparison of oxipurinol areas under the 
plasma concentration time curves following intravenous and 
oral administration of allopurinol reveals an interesting 
phenomenon. After correcting for the difference in dose, 
the areas under the concentration curve for oxipurinol
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following oral administration of allopurinol were greater 
than the oxipurinol areas following intravenous allopurinol 
administration (four of six subjects). This poses an in
teresting dilemma for the clinician if a change from oral 
administration to intravenous administration of allopurinol 
is necessary. If it is true that the pharmacological re
sponse to allopurinol is due in large measure to oxipurinol, 
then switching to intravenous administration might require 
an increase in dose, not the decrease in dose that would be 
expected because of first pass metabolism. A prospective 
cross-over study comparing the change in serum uric acid 
as a function of time with the change in oxipurinol concen
tration would help solve the question.

Rectal Absorption 
and Availability

The rectal suppository was retained for at least 6 
hours in all but one subject (subject 1, retention of 3 
hours). One subject (subject 2) retained the suppositories 
for 36 hours. Because of no detectable absorption following 
rectal administration of allopurinol in a cocoa butter base 
(subjects 2, 3 and 4) a polyethylene glycol base was exa
mined (subjects 1, 5 and 6). At no time (up to 72 hours) 
did any of the six subjects show any detectable concentra
tion of either allopurinol or oxipurinol. There are several 
factors which affect drug absorption from rectal
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suppositories. These include anorectal physiology, drug 
solubility and the suppository base. When drained of fecal 
matter, the rectum contains only a small amount of aqueous 
fluid with a low buffering capacity. Allopurinol is only 
very slightly soluble in water, therefore, the small amount 
of fluid in the rectum may not be sufficient to allow 
dissolution of the drug, thereby preventing its absorption. 
The amount of drug absorbed is also dependent upon where the 
drug is released in the rectum. The lower and middle 
hemorrhoidal veins which surround the rectum, drain directly 
into the inferior vena cava, bypassing the liver. However, 
the blood from the upper hemorrhoidal vein passes into the 
portal circulation. It is possible that a small amount of 
allopurinol was absorbed, underwent metabolism to oxipuri- 
nol in the liver, but both concentrations were below the 
detectable limits of the assay employed.

The diffusion of drug from suppository base to rec
tal fluid is probably the rate-limiting step for drug 
absorption. A drug which is poorly soluble in a lipid base 
should readily partition into the aqueous fluid, while a 
drug which is very soluble in a lipid base would have little 
tendency to diffuse into the rectal fluid (Blaug, 1975).
It is difficult to understand where allopurinol might fit 
into this scheme. One would expect that because it is 
poorly soluble in chloroform or ether that it would be
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poorly soluble in a lipid suppository base such as cocoa 
butter, and readily diffuse into the rectal mucosa. This 
is apparently not true, or at least other factors must 
also be involved.

It is known that the melting point of a lipid 
suppository base or the solubility of a water soluble base 
can influence the rate of drug absorption. If a water 
soluble base, such as polyethylene glycol, does not undergo 
rapid dissolution, the absorption rate of the drug contained 
in the base will be slowed. Similarly, if a lipid base does 
not melt readily at room temperature, absorption of the drug 
will be retarded. These are both possible explanations for 
the lack of rectal absorption observed. Finally, it is 
possible that complexation occurred between allopurinol and 
the high molecular weight polyethylene glycols, resulting 
in a drug complex unable to penetrate the rectal mucosa.
It seems probable that the most likely answer to the lack 
of rectal absorption of allopurinol is its poor solubility 
characteristics.



SUMMARY AND RECOMMENDATIONS

This investigation has described the pharmaco
kinetic characteristics of allopurinol after intravenous and 
oral administration. In general, the data presented sup
ports the two previous pharmacokinetic evaluations of 
allopurinol in regards to a short half-life for allopurinol 
and a prolonged half-life for oxipurinol. In addition, we 
report on plasma clearance values, volumes of distribution, 
first-pass metabolism and absolute oral and rectal bio
availability, parameters all previously unreported.

All six patients tolerated the intravenous oral and 
rectal doses well. There were no complaints of fever, 
chills or burning or demonstrable evidence of phlebitis 
following intravenous administration of allopurinol. Two 
subjects complained of burning immediately following rectal 
administration of allopurinol, but this subsided within 
ten minutes.

Because the patient population chosen was normal, 
healthy adult males, it is difficult to extrapolate the 
findings presented to a population consisting of patients 
undergoing cancer chemotherapy and being treated for hyper
uricemia or other types of patients with various diseases 
being treated for hyperuricemia. These problems not

71
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withstanding, there is at least one recommendation that 
can be made. Based on an absolute rectal availability 
for allopurinol of essentially zero for two different 
suppository formulations, it is difficult to recommend 
this route of administration, with these two bases. How
ever, this is not meant to suggest that a pharmacological 
response i.e., a lowering of serum urate levels, is not 
possible. Again, because no dose-response relationship 
for allopurinol and oxipurinol has been elucidated, it is 
possible, but very unlikely, that a pharmacological re
sponse could occur from concentrations below our assay 
threshold. Therefore, if the rectal route is used for 
allopurinol administration, serum uric acid level determi
nations and close clinical monitoring of the patient would 
be essential to prevent the sequelae of hyperuricemia.

It is of interest to note that the early clinical 
studies investigating the use of allopurinol in lowering 
serum uric acid in normal and gouty patients, as well as 
cancer patients, being treated for hyperuricemia, found a 
time delay in the therapeutic effect of allopurinol 
(Klinenberg, Goldfinger and Seegmiller, 1965; Yu and 
Gutman, 1964; DeConti and Calabresi, 1966) . Although a 
serum urate lowering effect was noted within twenty four 
hours, a maximal response was generally not seen for three 
to five days. Kj ellstrand et al. (1974) found that in



their patients if allopurinol therapy was started concomi
tantly with chemotherapy, uric acid nephropathy still 
developed. The data from the present investigation reveals 
a basis for this time delay. The time to reach steady- 
state concentration in the plasma is dependent only on a 
drug’s half-life, with steady state concentrations for a 
given dose achieved after four or five half-lives. With a 
half-life of approximately twenty hours for oxipurinol, 
three or four days would be required before oxipurinol 
would reach steady state concentration. Thus, the maximal 
serum urate lowering effect seems to be contingent on 
steady state concentrations of oxipurinol. Therefore, in 
patients receiving allopurinol prophylactically for the 
prevention of hyperuricemia, secondary to cancer chemothera
py, it would be advisable to either start these patients on 
allopurinol therapy three to five days prior to chemo
therapy or use a loading dose of allopurinol to attain 
steady state levels of oxipurinol immediately. However, a 
loading dose of allopurinol has not been clinically evalu
ated. It is also important to remember that too high a 
dose might, by itself, precipitate renal deposition of 
urate. Future studies should concern themselves with the 
clinical efficacy, as well as the magnitude, of the loading 
dose approach.
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Although the investigation was complete and met the 
purposes stated, there are some questions that remain un
answered. For instance, it is still not known the percent 
of allopurinol that is excreted unchanged in the urine, 
nor the percent converted to oxipurinol. Total urine 
collection throughout the seventy-two hour plasma collec
tion period would be one approach to answering the question. 
However, one would have to know the entire scheme of oxi
purinol metabolism for an accurate quantitation. It would 
also be possible to answer the question by comparing the 
area under the plasma concentration-time curve (AUC”) for 
oxipurinol after intravenous injection of allopurinol and 
after intravenous injection of oxipurinol. After correct
ing for molecular weight and dose, the ratios would yield 
an accurate assessment of the percent allopurinol converted 
to oxipurinol.

The other major question from the study left un
answered is whether a lowering of serum uric acid levels 
could have occurred after rectal administration of allo
purinol. Serial uric acid determinations would not only 
answer this question, but possibly reveal the time course 
of uric acid lowering by allopurinol and provide some 
indication of the plasma concentrations required to 
achieve a response.
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With the recent development of a competitive bind
ing assay for allopurinol and oxipurinol (Hande and Chabner, 
1980) that apparently offers the advantages of greater 
sensitivity and speed (over 20 samples in two hours) over 
published assays to date, more intensive research may be 
directed in this area. Future research endeavors should 
probably concern themselves, at least initially, with 
attempts to correlate a plasma concentration of either 
allopurinol or oxipurinol with a urate lowering response. 
This might be done by giving different doses to the same 
individual and measuring plasma concentrations and simul
taneous uric acid levels.

If the rectal route is to become a viable mode of 
allopurinol administration, further research in this area 
must also be conducted. If, as we believe, the poor rectal 
absorption of allopurinol is due to poor solubility in 
aqueous fluids, possibly using a retention enema which 
would solve the problem of drug dissolution, might result 
in improved absorption. Another approach would be to use 
the sodium salt of allopurinol, a much more water soluble 
compound. It is also possible that metabolism of allo
purinol could have taken place in the lower part of the 
large intestine, possibly due to the normal bacterial flora 
present. In vitro studies with intestinal fluid or a piece 
of large intestine incubated at 37°C might help answer that 
question.
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CONSENT FORM 
Allopurinol Bioavailability Studv

I understand that I have been asked to participate in a study conducted 
at the Arizona Health Sciences Center. This study is designed to determine how 
much of allopurinol (an anti-gout drug) is absorbed by various routes. I have 
been asked to participate in the study because I am in good physical health and 
do not have gout or elevated uric acid (hyperuricemia). Before entering the study, 
one tablespoonful of blood will be collected by needlestick for laboratory tests.

I understand that the study will last three weeks. During week one, I will 
receive an intravenous injection of 500 mg of sodium allopurinol (an investiga
tional form of Che drug). On week two, two 300 mg tablets will be taken by mouth.
On week three, two 300 mg suppositories will be rectally inserted and retained for 
as long as possible. These doses of allopurinol are the usual therapeutic amounts.
I will not be allowed to ingest any other medications during the course of the 
study and will fast for 8 hours prior to the oral and rectal doses. I understand 
that I will need to remain in Che hospital clinic for one hour after each admini
stration and to return several times for four days after administration. At these 
times, 1/3 ounce of blood will be collected by needlestick to measure the amount 
of allopurinol in my blood. On the first day of each administration, 16 collections 
will be attempted with only two collections of each day on days two, three, and 
four, after each dose. A total of 620 ml's of blood (20 fluid ounces) will be 
collected in the three week period.

I understand that the risks of this study include skin rash, hair loss, anemia 
(low blood), nerve irritation, allergic vein reactions, cataracts, nausea, vomiting, 
diarrhea, rectal discomfort and bruising or bleeding from Che needlesticks or vein 
irritation (phlebitis) from the indwelling needle. In the event that any of these 
reactions occur, immediate treatment will be available by Dr. Alberts or one of his 
associates. I understand that there will be no charge to me for any laboratory 
tests, examinations or hospital stay. However, in the event of any untoward 
reactions, I will be responsible for any long-term costs that might result. I 
understand that the liklihood of any such serious reaction is small.

I understand that there will be no direct benefits of this study to me. How
ever, the results of this study may be useful in treating patients who require 
allopurinol and cannot cake the drug orally.

Only the investigators in this study will have access to the information 
derived from it, and my name will not be disclosed in any reports. I give per
mission to the investigators to use the information they gain as they see fit.

I also understand that this consent form will be filed in an area designated by 
the Human Subjects Committee with access restricted to the principal investigator or 
authorized representative of the particular department.

I have read the above Subject's Consent. The nature, demands and benefits of 
the project have been explained to me. I understand that I may ask questions and 
that I am free to withdraw from the project at any time without incurring ill will.

SUBJECT'S SIGNATURE ________________________________________ DATE ___________________________

WITNESS' SIGNATURE _______________________________________  DATE ___________________________

INVESTIGATOR'S SIGNATURE DATE



APPENDIX B 

ALLOPURINOL AND OXIPURINOL PLASMA CONCENTRATION 
DATA FOR SUBJECTS 1-6 AS A FUNCTION OF TIME 

AFTER THE INTRAVENOUS AND ORAL 
ADMINISTRATION OF ALLOPURINOL 

(Tables B-1 to B-6) 
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Table B-l. Plasma Concentration vs. Time, Data for Subject 1.

Intravenous
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.0 10.53 1.02
0.17 6.32 1.69
0.25 4.74 6.34
0. 50 3.01 5.45
0.72 2.37 4.03
1.0 2.30 4.18
1.5 1.33 4.80
2.0 1.44 7.72
2.5 1.36 12.40
3.0 1.03 9.70
4.0 0.80 **
6.0 ** 7.93
8.0 0.49 5.72
9.67 4.15
24.57 2.97
33.92 1.53

Oral
Plasma Concentration (pg/ml) 

Time, hr. Allopurinol Oxipurinol

0.25 * 0.679
0.50 2.44 2.22
0.70 1.91 3.06
0.87 1.17 3.77
1.42 1.57 3.29
1.88 2.75 6 .66
2.58 1.28 5.31
2.92 1.29 6.27
4.0 1.06 6.07
5.83 0.56 5.14
8.17 0.41 6.02
8.83 5.65
9.83 5.14
25.67 2.18
35.17 1.74
49.08 1.55
58.58 0.72

*Undetectable 
**Lost sample



Table B-2. Plasma Concentration vs. Time, Data for Subject 2.

Intravenous
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.0 9.70 1.19
0.13 2.99 1.59
0.18 4.14 1.96
0.25 3.84 1.63
0.50 1.48 2.07
0.75 2.35 2.48
1.0 2.25 2.39
1.5 0.93 2.44
2.0 1.26 3.92
2.5 1.00 2.93
3.0 0.75 2.52
4.0 0.60 3.74
6.17 2.44

12.25 2.20
24.25 1.53
37.40 0.76
74.17 0.32

Oral
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.25 0.373 *
0.50 0.750 *
0.75 0.763 *
1.0 0.809 1.45
1.5 1.55 1.58
2.0 1.68 1.99
2.5 1.78 3.17
3.0 2.79 3.65
4.0 2.36 3.25
5.0 1.20 2.94
6.0 0.73 2.85
8.0 0.41 **

10.0 2.79
12.0 2.35
24.16 1.79
34.0 1.42
47.58 1.20

^Undetectable 
**Lost sample



Table B-3. Plasma Concentration vs. Time, Data for Subject 3.

Intravenous
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.0 24.06 *
0.083 20.90 2.68
0.167 12.70 3.33
0.25 4.74 0.65
0.50 4.66 1.07
0.75 3.66 1.45
1.0 4.34 1.50
1.5 3.78 1.87
2.0 2.75 4.74
2.5 2.52 3.36
3.0 1.90 2.46
4.0 0.68 1.70
5.0 0.28 2.30
6.0 2.23
8.0 2.45

10.0 1.98
23.67 0.76
32.17 0.44
48.13 0.38

Oral
Plasma Concentration (pg/ml) 

Time, hr. Allopurinol Oxipurinol

0.25 0.440 *
0.50 1.07 *
0.75 1.56 *
1.0 1.23 *
1.5 1.85 0.552
2.0 1.76 0.552
2.5 5.98 1.42
3.0 5.13 3.09
4.12 1.90 2.24
5.0 1.45 3.30
6.0 1.07 4.51
8.0 0.50 3.72

10.0 4.48
12.0 5.18
25.0 2.45
36.12 1.02
49.50 0.72

^Undetectable



Table B-4. Plasma Concentration vs. Time, Data for Subject 4.

Intravenous
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.0 9.29 1.87
0.083 9.12 4.49
0.28 3.55 3.27
0.62 2.45 3.70
0.75 2.03 7.68
1.0 1.54 7.21
1.5 1.02 7.49
2.0 0.77 5.59
2.5 0.68 5.39
3.0 0.31 4.11
4.0 3.87
5.42 3.63
6.0 3.35
8.0 2.99
9.83 2.37

10.95 1.94
32.70 0.92
48.42 0.75
70.92 0.57

Oral
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.28 * *
0.50 * *
0.77 * *
0.98 0.89 0.96
1.5 0.86 1.88
2.0 1.41 3.07
2.5 1.26 3.14
3.0 1.63 3.26
4.0 0.81 4.66
6.06 0.37 5.15
8.0 4.01

10.0 3.88
12.0 3.98
25.0 2.82
33.5 1.75
48.9 1.08
57.23 0.80
72.23 0.62

^Undetectable
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Table B-5. Plasma Concentration vs. Time, Data for Subject 5.

Intravenous Oral
Plasma Concentration (yg/ml) Plasma Concentration (yg/ml)

Time, hr. Allopurinol Oxipurinol Time, hr. Allopurinol Oxipurinol

0.0 11.67 2.70 0.25 0.61 1.24
0.083 9.25 5.83 0.50 0.90 2.32
0.17 3.97 3.22 0.75 1.22 2.67
0.25 2.98 2.72 1.0 1.33 5.67
0.50 2.59 2.55 1.5 1.11 2.60
0.75 2.02 4.15 2.0 1.07 2.84
1.0 1.73 2.85 3.17 0.71 4.26
1.5 1.85 3.13 4.0 0.59 2.18
2.0 1.34 ** 5.0 4.04
2.5 1.14 5.20 6.0 3.39
3.0 0.88 4.47 7.92 2.94
4.0 0.80 5.19 10.0 2.86
5.0 0.62 5.45 12.0 2.74
6.0 6.61 26.33 2.38
8.0 7.38 34.18 0.85

10.0 4.80 48.33 1.00
12.17 6.08 57.98 0.82
25.75 4.91 70.92 0.49
33.75 2.99
49.67 1.06
58.0 0.87

**Lost samples
00w



Table B-6. Plasma Concentration vs. Time, Data for Subject 6.

Intravenous
Plasma Concentration (yg/ml) 

Time, hr. Allopurinol Oxipurinol

0.0 7.99 2.28
0.083 6.04 4.29
0.167 3.95 3.87
0.25 3.06 7.02
0.50 3.53 4.29
0.75 2.94 7.86
1.0 2.84 3.92
1.5 2.65 4.55
2.08 1.11 3.51
2.58 1.31 4.07
3.0 0.82 5.97
4.0 0.73 * *
5.0 0.63 3.92

10.0 3.51
25.08 3.13
33.58 1.97
49.08 1.49
58.08 0.73

Oral
Plasma Concentration (pg/ml) 

Time, hr. Allopurinol Oxipurinol

0.25 1.40 1.46
0.57 3.29 2.11
0.75 2.34 3.25
1.0 2.00 1.79
1.5 1.31 2.40
2.0 1.76 2.48
2.5 1.42 2.82
3.0 1.20 3.36
4.0 0.73 2.99
5.0 0.53 2.85
6.0 0.34 3.65

10.0 3.89
25.08 1.26
34.33 1.20
49.25 0.48

**Lost samples

Oo4̂



APPENDIX C

ALLOPURINOL PLASMA CONCENTRATION AS A FUNCTION OF TIME 
AFTER THE INTRAVENOUS ADMINISTRATION 

OF 500 MG ALLOPURINOL

The solid line represents a non-linear regression 
fit of the data (Figures C-1 to C-6).

85



86

20.0

20
CL

g 10
m 08 19CL 06

0.4

0.2
Time (h)

Figure C-l. Allopurinol plasma concentration as a function
of time (Subject 1). -- Equation of the lineis C = 7.94e~3.49t + 1 .94e"0.180t e
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Figure C-2. Allopurinol plasma concentration as a function
of time (Subject 2). -- Equation of the line
is C = 6.59e’9.18t + 2 . 46e*°•370t.
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Figure C-3. Allopurinol plasma concentration as a function
of time (Subject 3). -- Equation of the lineis C = 22 .69e-ll'04t + 7 . 48e*°•581t.
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Figure C-4. Allopurinol plasma concentration as a function 
of time (Subject 4 ). Equation of the lineis C = 6.93e"6.26t + 3.48e-0.745t.
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Figure C-5. Allopurinol plasma concentration as a function
of time (Subject 5). -- Equation of the line
is C = 10.40e”9 -38t + 2.48e-0.290t.
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Figure C-6 Allopurinol plasma concentration as a function
of time (Subject 6). Equation of the line
is C = 4.62e"12'10t + 3 . 73e"°•402t.



APPENDIX D

ALLOPURINOL PLASMA CONCENTRATION. AS A FUNCTION OF TIME 
AFTER THE ORAL ADMINISTRATION 

OF 600 MG ALLOPURINOL

The solid line represents a non-linear regression 
fit of the data (Figures D-l to D-6) .
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Figure D- 1. Allopurinol plasma concentration as a function 
of time (Subject 1). -- Equation of the line
is C = 11.39(l-e"0.249*0.884)e *249t.
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2. Allopurinol plasma concentration as a function 
of time (Subject 2). -- Equation of the line 
is C = 3.12 (l-e-0.429.3.57)e-0.429t.
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-3. Allopurinol plasma concentration as a function 
of time (Subject 3). -- Equation of the line is C = 5.06(l-e-0-420-3.00)e-0.420t.
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Figure D-4. Allopurinol plasma concentration as a function 
of time (Subject 4). -- Equation of the line is C = 2.02(l-e-0.47 5.2.9b)e-0.47 5t.
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D-5. Allopurlnol plasma concentration as a function 
of time (Subject 5). -- Equation of the line 
is C = 7.38(l-e"0*279*0.7o8)e-0.279t.
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Figure D-6. Allopurinol plasma concentration as a function 
of time (Subject 6). -- Equation of the line is C = 15.4 2(1-6-0.380.0.513t)e-0.380t.
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APPENDIX E

OXIPURINOL PLASMA CONCENTRATION AS A FUNCTION OF TIME 
AFTER THE INTRAVENOUS ADMINISTRATION 

OF 500 MG ALLOPURINOL

The solid line represents a natural logarithm- 
linear regression fit of the data (Figures E-l to E-6).
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E-l. Oxipurinol plasma concentration as a function
of time (Subject 1). -- Equation of the lineis C = 10.74e-0.058t.
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Figure E-2. Oxipurinol plasma concentration as a function
of time (Subject 2). -- Equation of the lineis C = 3.35e-0.032t.
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Figure E-3. Oxipurinol plasma concentration as a function
of time (Subject 3). -- Equation of the lineis C = 3.18e-0.051t.
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Figure E-4. Oxipurinol plasma concentration as a function 
of time (Subject 4). -- Equation of the line is C = 4.14e-0.033t
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Figure E-5. Oxipurinol plasma concentration as a function
of time (Subject 5). -- Equation of the line
is C = 10.03e'0•041t_ 104
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Figure E-6. Oxipurinol plasma concentration as a function
of time (Subject 6). -- Equation of the lineis C = 5.57e-0.031t. 105



APPENDIX F

OXIPURINOL PLASMA CONCENTRATION AS A FUNCTION OF TIME 
AFTER THE ORAL ADMINISTRATION 

OF 600 MG ALLOPURINOL

The solid line represents a natural logarithm- 
linear regression fit of the data (Figures F-l to F-6)
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Figure F-l. Oxipurinol plasma concentration as a function
of time (Subject 1). -- Equation of the lineis C = 7.09e-0.037t.
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Figure F-2. Oxipurinol plasma concentration as a function
of time (Subject 2). -- Equation of the line _
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Figure F-3. Oxipurinol plasma concentration as a function
of time (Subject 3). -- Equation of the line H
is C = 6.69e-0.046t. o<£>
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Figure F-4. Oxipurinol plasma concentration as a function
of time (Subject 4). -- Equation of the line
is C = 5 . 64e~ 0.032t.
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Figure F-5. Oxipurinol plasma concentration as a function 
of time (Subject 5). -- Equation of the line is C = 3.98e-0.029t. Ill
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