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PREFACE

The discovery that allopurinol is a substrate and competitive 

inhibitor of the enzyme xanthine oxidase has led to the widespread use 

of allopurinol in the treatment of gout and other hyperuricemic condi

tions» Despite the extensive use of allopurinol, there have been few 

studies concerning the pharmacokinetics of the drug in man. Diffi

culties with previous analytical methods for measuring allopurinol in 

plasma may account for this lack of pharmacologic data.

The goal of this research project was to develop a gas-liquid 

chromatographic method.for the determination of allopurinol and its 

primary metabolite, oxipurinol, in plasma. Although gas-liquid chroma

tography has been used for determining some related xanthines such as 

caffeine and theophylline, this technique has not been used previously 

to measure allopurinol in biological materials.
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ABSTRACT

The development of a gas-liquid chromatographic method for the 

determination of allopurinol and its major metabolite, oxipurinol, in 

plasma is described. The method involves extracting 0,5 ml plasma with 

1-butanol, derivatization with iodoethane, followed by gas-liquid 

chromatographic separation on SE-30 and detection with a selective 

nitrogen detector. The derivative of allopurinol formed by the pro

cedure is identified as a mixture of diethyl isomers. The derivative of 

oxipurinol is found to be the triethyl derivative (1,5,7-triethyl oxi

purinol), The structure.qf^the derivatives is inferred on the basis of 

evidence obtained by mass spectroscopy, nuclear magnetic resonance, 

thin-layer chromatography and melting point data. The use of the method 

is demonstrated with the analysis of plasma samples following a single 

600 mg oral dose to a human subject, -



REVIEW OF THE LITERATURE

The drug allopurinol was developed as a result of a research 

program concerned with antimetabolites which was undertaken by Elion 

and Hitchings in 1954. In the early 1950fs two thiopurines were syn

thesized in their laboratory: thioguanine and 6-mercaptopurine.

Biological tests showed that both were effective as anti-tumor and 

anti-leukemic agents. Understanding the effects of these drugs was 

complex and involved the efforts of many researchers. During the 

search for new and better antimetabolites allopurinol was eventually 

synthesized. " '7 ' ' -r -

In 1955 a structural isomer of adenine, 4-amino-pyrazolo(394-d) 

pyrimidine (4-APP), was found to inhibit the growth of adenocarcinoma 

cells in culture and increase the lifespan of mice with transplantable 

leukemias (Skipper, Robins and Thomson 1955). Hsu, Robins and Cheng 

(1956) found that 4-APP was more toxic to neoplastic than normal cells 

in tissue culture. These observations led to the synthesis of a large 

number of pyrazolopyrimidines by Robins (1956), including allopurinol. 

These derivatives were then screened for antimetabolite activity by 

Skipper et aL (1957).

Allopurinol, 4-hydroxypyrazolo(3,4-d) pyrimidine, was found to 

lack antimetabolite activity in this screening. In vitro testing 

revealed that allopurinol was, however, an inhibitor of xanthine 

oxidase (Lorz and Hitchings 1956, Fiegelson, Davidson and Robins 1957).
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Allopurinol was chosen for clinical trial as a xanthine 

oxidase inhibitor for several reasons. Like other inhibitors it was 

both an inhibitor:and a substrate for^xanthine oxidase. Unlike other 

inhibitors, the primary metabolite, oxipurinol, was also a strong 

inhibitor. Moreover, it appeared that allopurinol did not become 

involved in purine anabolic reactions (Hitchings 1966).

Allopurinol was first used clinically to inhibit the rapid 

inactivation of 6-mercaptopurine by xanthine oxidase, thus serving as 

an adjunct to cancer chemotherapy. The first patient to whom allo

purinol was given for leukemia showed a significant lowering of plasma 

uric acid levels (Elion et al.1963a, 1963b; Rundles 1966). This 

observatiom:was?;extended:in^a:.:y.lagieal:vmanner^t a s pa.t ient s with gout 

(Rundles et al. 19.63; Rundles, Metz and Silberman 1964; Rundles 1966). 

Subsequently allopurinol was studied as a means of controlling hyper

uricemia in gout (Yu and Gutman 1964; Klinenberg, Goldfinger and 

Seegmiller 1965) . ^

Pathology of Hyperuricemia

Hyperuricemia, an excess of uric acid in the blood, may arise 

from either an overproduction or a decrease in the elimination of uric 

acid. Whatever the cause, hyperuricemia tends to result in the same 

ultimate effect: the deposition of uric acid in connective tissue of

the body. This deposition is aided by the fact that uric acid is a 

poorly water soluble compound and therefore its solubility is readily 

exceeded. Since the pK^ of uric acid is 5.7, at physiological pH uric 

acid is nearly completely dissociated and precipitates as crystals of



sodium urate9 particularly in peripheral joints. Leukocytes infiltrate 

and phagocytize the crystals which cause lysis of the cell and sub

sequent release of hydrolytic enzymes from lysomes, causing tissue 

inflammation and destruction. Since renal tubular fluid tends to be 

more acidic9 uric acid can precipitate there as uric acid crystals.

Uric acid is the end product of purine metabolism in man. In 

most mammals the enzyme uricase oxidizes the sparingly soluble uric 

acid to the more soluble allantoin by breaking the purine ring. Man 

lacks this enzyme and therefore uric acid becomes the end product of 

purine metabolism.

Figure 1 shows a simplified scheme of purine metabolism. The 

major endogenous purine bases_s adenine-and guanine9 are synthesized 

from simple precursors and ultimately eliminated as uric acid. The 

rate-limiting step in purine biosynthesis is the amination of 

5-phospho-D-ribosyl-l-phosphate (PRFP) by glutamine catalyzed by PRPP- 

glutamine amidotransferase. The purine ring is built starting with the 

imidazole portion followed by synthesis and closure of the pyrimidine 

ring to yield inosinic acid, the common precursor to the nucleotides 

guanylic and adenylic acid. As a means of limiting their own bio

synthesis, the nucleotides inhibit PRPP-glutamine amidotransferase, the 

rate-limiting step. The nucleotides form two of the four basic 

components of the nucleic acids. As cyclic nucleotides adenine and 

quanine mediate ̂ hormonal effects. As nucleoside triphosphates they 

mediate energy transfer with the cell. Evidence is also accumulating 

to indicate that purines serve a role as neurotransmitters (Bumstock. 

1977). Nucleotides and nucleosides are catabolized to yield free
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APRT - Adenine phosphoribosyl transferase

Figure 1. Diagram of Purine Metabolism



purine bases and ribose. Adenine and guanine are extensively reused 

through salvage pathways that reattach PRPP to the free purine base, 

reforming nucleotides. The major: salvage enzymes are hypoxanthine- 

guanine phosphoribosyl transferase (HGPRT) and .adenine phosphoribosyl 

transferase (APRT)» If not reused adenine and guanine are further 

catabolized via hypoxanthine and xanthine to uric acid by xanthine 

oxidase.

Several defects in the enzymes of purine metabolism have been 

shown to result in overproduction of uric acid and, consequently, 

hyperuricemia.

The first enzymatic defect of purine metabolism to be found was 

in patients with a" rare-form uf . cerebrals palsy known as the Lesch-Nyan 

Syndrome. This disease is an X-linked disorder characterized by 

muscle spasticity, choreoathetosis, mental retardation and a bizarre 

compulsion to bite away lips and tongue (Lesch and Nyan 1964) . Three 

years after the characterization"“bf this disorder Seegmiller, Rosen- 

bloom and Kelley (1967) identified the cause to be an almost complete 

deficiency of HGPRT, the major salvage enzyme. Lesch-Nyan patients 

have an accelerated purine metabolism that leads to an overproduction 

of uric acid. The acceleration occurs because the deficiency of HGPRT 

leads to an excess of PRPP. This excess of PRPP causes the rate- 

limiting step catalyzed by PRPP glutamine amidotransferase to 

accelerate (Seegmiller 197-3)^ Less severe forms of HGPRT deficiency 

(which lack the neurological abnormalities of the Lesch-Nyan Syndrome) 

have been found in patients with gout (Kelley et al.1969).
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A deficiency in APRT has similarly been shown to lead to gout„ 

An excess of PRPP occurs because PRPP is not utilized in the APRT- 

catalyzed reactiono The, excess PRPP then accelerates the rate of 

purine metabolism by increasing the activity of PRPP amidotransferase 

(Fox and Kelley 1973; Emmerson, Gordon and Thompson 1973)• A super

active PRPP synthetase9 the enzyme responsible for the synthesis of 

PRPP9 has also been shown to result in an excess of PRPP and excessive 

purine synthesis (Becker et >al.1973; Sperling et al.1973, 1977; Zoref, 

deVries and Sperling 1977). Purine biosynthesis may also be acceler

ated at the initial step of purine metabolism by a lack of feedback 

inhibition by nucleotides on PRPP amidotransferase (Seegmiller 1973)o

Defects ..in: enzymes. ..not directly involved in purine metabolism 

may also result in gout* Patients with glycogen storage disease type I 

with deficient glucose-6-phosphatase in the liver acquire gout along 

with hyperlipidemia and cardiovascular disease (Moses 1973; Dorsman 

et al. 1973). Patients * with a defect in protein metabolism, resulting 

in ketoacidosis and subsequent retention of uric acid by the kidney, 

acquire hyperuricemia and gout (Seegmiller 1973).

Hyperuricemia may also arise iatrogenically from the use of 

antimetabolites in cancer chemotherapy which cause the rapid dissolu

tion of a large tumor mass (Rapado 1966) or from the use of thiazide 

diuretics (Postlethwaite and Bartel 1973; Krakoff and Balls 1966).

The influence of diet on plasma ? uric acid levels is another 

active area of research. Dietary nucleic acids are known to be 

digested by pancreatic ribonuclease and desoxyribonuclease to



mononucleotides and to free bases by nucleosideases. The free purines 

are then converted to uric acid by xanthine oxidase in the intestinal 

mucosa, absorbed-and eliminated from the body by the kidney. Zollner 

and associates (Zollner and Griesbsch 1973a, 1973b; Zollner and Grobner 

1977) have investigated the influence of dietary purines from different 

biochemical sources on plasma uric acid levels. Zollner found that 

D M  and RNA augmented plasma uric acid levels much less than when an 

equivalent amount of mononucleotides were added to the diete Thus, 

the limiting factor with respect to absorption of uric acid from 

purines in the diet is the rate of hydrolysis of nucleic acids„ When 

persons who were mildly hyperuricemic were compared with normals, the 

augmentation cf-plasma, uric.-acid was -much greater than for normals 0 

Hyperuricemia subjects also showed a lower than normal elimination of 

uric acid at any given level of plasma uric acid. This result was 

interpreted as evidence for renal deficiency as the main causative 

pathological mechanism in most cases of gout.

Factors such as age, sex, weight, alcohol consumption and 

possibly psychological stress also play a role in the development of 

hyperuricemia.

Thus, there are a number of factors that may predispose a 

person to develop hyperuricemia. Studies that have attempted to 

explain the incidence of hyperuricemia in the general pouplation on the 

basis of only one or two of these variables have obviously been far too 

narrow. Furthermore, the complication of hyperuricemia, the deposition 

of uric acid in the tissues, does not appear suddenly at a given plasma



uric acid level. The probability of gouty arthritis increases grad

ually with ascending plasma uric acid levels. Although the saturation 

of plasma with respect to uric acid occurs at 7,0-7,5 mg/100 ml this 

level cannot be taken as an arbitrary limit above which complications 

are bound to occur,

Pharmacology and Toxicology of Allopurinol

Allopurinol is effective in decreasing high plasma uric acid 

levels because it decreases the production of uric acid by inhibiting 

xanthine oxidase, Although the amount of uric acid produced is 

decreased5 the amounts of oxypurine precursors9 hypoxanthine and 

xanthine, are increased. Since hypoxanthine and xanthine are protected 

from catabolism they are extensively reused by HGPRT, The reutiliza

tion of these compounds enhances the normal feedback control of purine 

biosynthesis by inhibiting the first rate-controlling step, the 

amination of PRPP by glutamine catalyzed by PRPP amidotransferase 

(Hitchings 1975), This view explains the observation that there is a 

decrease in total purine turnover and that the extent of this decrease 

has a direct relationship to the degree of overproduction before allo

purinol treatment (Hitchings 1966). .

For the control of hyperuricemia the aim is to reduce plasma 

uric acid concentration to below 6 mg/100 ml or less. The two major 

uses of allopurinol are in the treatment of gout and as an adjunct to 

cancer chemotherapy.

In the treatment of gout allopurinol is not administered during 

an acute attack but rather is started at low doses initially to



minimize the precipitation of an acute attack. Usually allopurinol is 

started at 100 mg once daily and increased to 300 mg daily in weekly 

100 mg increments.

As an adjunct to cancer chemotherapy allopurinol has 

essentially two uses. One is the use of allopurinol to protect anti- 

metabolites such as 6-mercaptopurine from catabolic destruction by 

xanthine oxidase. This was the first use to which allopurinol was put 

in humans. Allopurinol is also used to prevent hyperuricemia following 

the dissolution of a large tumor mass. In this application allopurinol 

is administered 200-600 mg daily for several days at the initiation of 

therapy. Leukemias and lymphomas are most often treated this way.

The side.effects o£ allopurinol:since its introduction into 

clinical medicine have usually been mild: gastrointestinal distress,

diarrhea, headache, pruritis and fever. Hypersensitivity reactions 

are also known to occur. All of these reactions subside promptly upon 

withdrawal of allopurinol.

One of the first questions to be asked when allopurinol was 

applied as a xanthine oxidase inhibitor concerned the effects the oxy- 

purine precursors,, xanthine and hypoxanthine, would have. It was 

feared these precursors might accumulate and precipitate in the 

tissues, thus causing the same complications as uric acid. Hypo

xan thine and xanthine were found, however, not to accumulate for two 

reasons: they are rapidly cleared by the kidney, and they are

extensively reutilized by HGPRT and this tends to reduce purine syn

thesis by feedback inhibition (Hitchings 1966). In lower animals.



10
however5 the limiting factor with respect to toxicity of allopurinol 

has been found to be the crystallization of xanthine in the renal 

tubules. Xanthine exhibits a solubility close to that of uric acid 

and tends to precipitate in animals more readily than in humans because 

as one descends the evolutionary scale the rate of purine turnover 

becomes progressively greater and because xanthine is eliminated in a 

progressively smaller urine volume (Hitchings 1966),

More serious and fatal reactions to allopurinol in humanss 

agranulocytosis9 exfoliative dermatitis and acute vasculitis? are 

being reported with increasing frequency as the use of allopurinol 

continues to increase. Early investigations of allopurinol failed to 

reveal any significant hepatotoxicity, Recent case reports of signif

icant hepatotoxicity associated with the use of allopurinol have 

appeared however, Chawla et al,(1977) reviewed six documented cases of 

allopurinol-induced hepatotoxicity in which liver biopsies revealed 

abnormal histopathology, - Of .particular interest is the induction of 

granulomatous hepatitis by allopurinol in three cases. Since Chawla’s 

review at least three more cases of hepatotoxicity have been reported 

(Medline 1978; Swank 1978; Boyer 1977), It is interesting to note that 

4 -APP9 the adenine isomer that originally stimulated interest in the 

pyrazolopyrimidines9 was judged unsuitable for use in humans because of 

significant hepatotoxicity.

No significant teratogenic action of allopurinol was found in 

rats or rabbits-when allopurinol was first developed) but a teratogenic 

action of allopurinol has been shown in mice (Fugii and Nishimura 1972).
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There is some published evidence that allopurinol is metabo

lized by a second pathway that, like xanthine oxidase, yields 

oxipurinol as a - metabolite e— Huh, et al»(1976) studied the tissue dis

tribution of xanthine oxidase in mice. The highest activity was found 

in the small intestine followed by lung, liver and kidney. Huh et al 

also found that the metabolism of allopurinol to oxipurinol could not 

be quantitatively accounted for by the presence of xanthine oxidase 

alone and pointed to a possible role of aldehyde oxidase. Krenitsky 

(1973) and Krenitsky et al.(1972) have compared the specificities of 

xanthine oxidase and aldehyde oxidase for a variety of substituted ' 

pyrimidines. Both enzymes were found to convert allopurinol to oxi

purinol in vitro. The actual extent. o£, metabolism of allopurinol in 

vivo by aldehyde oxidase remains unknown.
There are several minor metabolites of allopurinol. These are 

ribonucleosides and ribonucleotides of allopurinol and oxipurinol. The 

primary effect of these:-minor metabolites is the inhibition of oroti- 

dylate decarboxylase which leads to elevated excretion of orotic acid 

and orotidine (Hitchings 1975)^

The possible effects of allopurinol or its metabolites on 

purine metabolism other than the inhibition of xanthine oxidase has 

been the subject of considerable speculation. The initial studies of 

allopurinol’s participation in purine anabolism were all negative 

(Skipper et al.1957; Elion et al.1966;- Hitchings 1966). Both allo- 

purihol and oxipurinol have been shown to be poor substrates for HGPRT 

(Krenitsky, Papaioannou and Elion 1969), although the formation of
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small amounts of ribonucleotides from allopurinol and oxipurinol has 

been demonstrated in vivo. The search for the incorporation of these 

nucleotides into nucleic.acids has.been carried to progressively lower 

levels with negative results (Hitchings 1975), The possibility of 

direct feedback inhibition of purine synthesis by these nucleotide 

metabolites of allopurinol has been raised (McCollester, Gilbert and 

Ashton 1964) 9 but the levels of the nucleotides fall short by several 

orders of magnitude necessary for inhibition of PRPP glutamine 

amidotransferase based on in vitro data (Hitchings 1975),

The first human studies using allopurinol that yielded pharma

cokinetic data were carried out in 1966 (Elion 1966; Elion et al*1966),
14Elion studied, the disappearance of C-allopurinol in three patients^ 

Allopurinol was found to be rapidly converted to a metabolite) oxi

purinol) which had a much longer half-life than the parent drug. The

long half-life of oxipurinol (17 to 44 hours) was attributed to 

tubular reabsorption (Elion). Yu and Gutinan 1968).,^.-

The short half-life of allopurinol was misinterpreted by some 

and multiple daily dosing was recommended. Giving a single 300 mg 

dose was found) however3 to give identical effects as giving 100 mg 

three times a day (Rodnan, Robin and Tolchin 1974), Since oxipurinol 

is also an inhibitor of xanthine oxidase (Elion 1966) oxipurinol is 

undoubtedly responsible for a considerable part of the effectiveness 

of allopurinol therapy. However9 more consistent effects are obtained 

and lower doses are required with allopurinol than with oxipurinol 

(Rundles 1966; Chalmers3 Kromer and Scott 1968)9 probably due to less 

complete and more erratic absorption of oxipurinol.
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A recent study of the pharmacokinetics of allopurinol has been 

published by Hande, Reed and Chabner (1978). Hande initiated studies 

to correlate serum allopurinol and oxipurinol levels with the subse

quent development of hyperuricemia in patients undergoing treatment of 

malignant disease. After intravenous infusion -of—10-0 to 300 mg of 

allopurinol to eight subjects, the mean plasma half-life of allopurinol 

was found to be 39 minutes and that of oxipurinol 13.5 hours. The 

half-lives of intravenous allopurinol and oxipurinol did not change in 

three patients following two weeks of allopurinol therapy. Doses of 

300 mg of allopurinol given orally gave peak plasma concentrations in 

two to three hours and an oxipurinol half-life of 13.8 hours.

Allopurinol Chemistry and Methods

Allopurinol and oxipurinol are white powders with a slight 

odor. The predominating tautomers and their correct chemical names are 

shown in Figure 2. In the solid state allopurinol is ordered in a 

crystal lattice where all ring nitrogens and oxygen are involved in 

hydrogen bonding with neighboring molecules. These strong inter- 

molecular forces are the reason allopurinol has a melting point above 

350° C and poor volatility. A number of physical constants for allo

purinol and oxipurinol have been published. These physical constants 

are collected in Table 1.

Stability studies of allopurinol in -acidic arid basic solutions 

have been conducted. The primary decomposition product of allopurinol 

in solution is 3-amino-4-pyrazole carboxamide. Allopurinol is
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Figure 2

o

Allopurinol: 1-H pyrazolo(3,4-d)pyrimidin-4-ol

o

Oxipurinol: 1-H pyrazolo(3,4-d)pyrimidin-4,6-diol

Structures of Allopurinol and Oxipurinol.
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Table 1. Physical Constants for Allopurinol and Oxipurinol

Property Allopurinol Oxipurinol

Melting 350 CC,b

PKa 10.2b 7.7d

Spectra
Ultraviolet Maxima 

0.1 N HC1 250 nmC,b$a 242, 267 nma

0.1 N NaOH ' 257 nma

Methanol 252 nmb

Infrared
MMR
Mass Spectra

c,b
b
b

Solubility
Water
Chloroform
Ethanol
Dimethylsulfoxide

0.48 mg/mlb 
0.60 mg/ml 
0.30 mg/ml 
4>60 ml/ml

References
aRobins (1956)
^Benezra and Bennett (1978) 
CSalim and Murphy (1968) 
^Elion et al»(1966)
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relatively stable in solution but can undergo decomposition at high pH 

(Gressel and Gallelli 1968),

The first methods .used to_: determine allopurinol in plasma used 

liquid chromatography to separate allopurinol and oxipurinol from 

endogenous compounds. Quantitation was obtained by measuring the 

ultraviolet absorption of allopurinol and oxipurinol as they were 

eluted from a column. Elion et al.(1966)s for example9 used Dowex-50 

column eluted with 0.1 M hydrochloric acid to separate allopurinol and 

oxipurinol from xanthine and uric acid.

Various thin-layer and paper chromatography systems for allo

purinol have been described. These systems generally use la mobile 

phase consisting: of a .mixture of m  .short chain alcohol and water or 

chloroform, and a stationary phase consisting of cellulose or silica 

gel (Benezra and Bennett 1978).

Endele and Lettenbauer (1975) published the first high per

formance liquid chromatography (HPLC) method designed-to determine 

allopurinol and oxipurinol in plasma. The method involved extracting 

one milliliter of plasma with diethylether and separation of allo

purinol and oxipurinol from related compounds on an anion-exchange 

column. Endele and Lettenbauer1s method is limited as a routine 

analytical technique because of the many other anions possessing 

ultraviolet absorbance that are normally present in plasma. The basic 

problem of the presence-of numerous other-anions-leads to complications 

of a long analysis time and short column life. The limit of sensi

tivity of the method was reported to be 0.5 yg/ml in plasma.
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Brown and Bye (1977) have reported an improved method HPLC

method. . Their method subjects plasma samples to a preliminary clean-up

step, of, low-pressure ligand-exchange, chromatography using Chelex-100 
2+resin in the Cu form. This clean-up step is based on the observation

that allopurinol9 oxipurinol, xanthine and hypoxanthine selectively 
24-bind to Cu ions forming insoluble complexes. The compounds of 

interest are eluted from the column.and then subjected to HPLC using an 

anion exchange column. The limit of, detection of allopurinol and oxi

purinol is reported to be 0.01 yg/ml. Although this method represents 

a considerable gain in selectivity and sensitivity 9 the method is 

complex and time consuming.

More recently Kramer .and Feldman v(1979) have reported a HPLC 

method utilizing a reverse-phase column for determining allopurinol and 

oxipurinol in plasma. This procedure injects the supernate obtained 

from trichloroacetic acid precipitated plasma directly onto the column. 

This method uses one milliliter of plasma and can detect as little as 

0.10 yg/ml. This method is, however9 troubled by plasma interferences.

Hande, Reed and Chabner (1978) used a novel method to measure 

oxipurinol and allopurinol concentrations in plasma. After a liquid 

chromatography clean-up procedure they used the inhibition of a 

purified xanthine oxidase measured spectrophotometrically to determine 

concentrations of allopurinol and oxipurinol. Too few details of this . 

method have been published to adequately judge the selectivity of this 

method. The method is reportedly sensitive to 0.10 yg/ml.
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The only application of gas chromatography to allopurinol 

describes the formation of tetramethylsilane derivatives of tablet and 

powder forms of allopurinol. (Miller«> Pacakova and Smolkova 1976).



EXPERIMENTAL

The technique of gas-liquid chromatography has not been used 

previously to detect allopurinol or oxipurinol in biological fluids,

The purpose of the present study was to develop a gas-liquid chromato

graphic procedure using a nitrogen-phosphorus detector to determine 

allopurinol and oxipurinol in plasma. Potentially, gas chromatography 

offers the advantages of greater sensitivity, selectivity and shorter 

analysis time compared to current high performance liquid chromatog

raphy procedureso

It was felt„ that, the method, should be able to detect 0.10 yg/ml 

allopurinol and oxipurinol in plasma. The availability and applica

bility of a nitrogen-phosphorus detector which offers an increase in 

sensitivity and selectivity to nitrogen or phosphorus containing 

compounds compared to-flame ionization detectors motivated the selec

tion of this detector for the method. The nitrogen detector uses an 

electrically heated bead of rubidium salt attached to a platinum wire 

to detect nitrogen containing compounds. The hydrogen and air flow 

rates are slow and ionization of the compounds occurs in a low temper

ature "plasma" rather than a flame. The interactions of nitrogen and 

phosphorus compounds following ionization with the rubidium bead are 

not completely understood. .The detector used in this study is de

scribed in an article by Burgett. Smith and Bente (1977).

19
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The first step in the development of the method was to devise a 

suitable method of derivatizing allopurinol. Gas-liquid chromatography 

requires that the compound of interest be volatile. In the solid state 

allopurinol forms hydrogen bonds with neighboring molecules. Con

sequently 9 allopurinol has a high melting point and poor volatility. 

Although no previous gas chromatographic methods of allopurinol have 

been reported, numerous gas chromatographic methods for theophylline, 

a dimethyl derivative of xanthine, have been published and reviewed 

(Cohen 1975; Gudzinowicz and Michael 1978). These methods typically 

use derivatization with an alkyl group to improve the volatility of 

theophylline before analysis. With gas chromatographs equipped with 

flame ionization detectors theophylline is often derivatized on-column 

using a one molar solution of a tetraalkylammonium hydroxide. However, 

the nitrogen decomposition products of this reaction would obscure the 

derivative when detected with the nitrogen detector. A method of 

derivatizing allopurinol off-column -was therefore sought. Two 

theophylline procedures that utilize the nitrogen detector have been 

published. One of these methods derivatizes theophylline using a . 

dilute (0.01 molar) solution of tetramethylammonium hydroxide (TMH) in 

methanol (Kinsun et al.1978). Thus, the nitrogen products can be 

reduced by decreasing the concentration of TMH. The other procedure 

used iodobutane in a one molar solution of ammonium hydroxide to 

derivatize theophylline (Solomon. 1975) .<

It was decided the use of alkyl iodides to derivatize allo

purinol and oxipurinol would be investigated. Methyl, ethyl and 

1-butyl derivatives of allopurinol were prepared from the corresponding
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alkyl iodideo Since the reaction is base catalyzed, the effect of 

carrying out the reaction in one molar solutions of sodium hydroxide9 

ammonium hydroxide and tetramethylammonium hydroxide in methanol was 

examined. A nonaqueous solvent 9 methanol 9 was used as the solvent for 

the reaction mixture since the alkyl iodides are not soluble in water. 

The optimum temperature9 time and combination of reactants of the 

derivatization procedure was determined.. Finally, knowledge of the 

structures of the derivatives of allopurinol and oxipurinol formed by 

the derivatization procedure was desired.

When a suitable derivatization procedure had been devised, it 

was incorporated into a procedure for determining allopurinol and 

oxipurinol in p l a s m a T h e  plan was to separate allopurinol and oxi

purinol from plasma using solvent extraction and then derivative the 

compounds off-column prior to detection with a nitrogen detector. A 

number of extracting solvents were chosen for investigation: hexane,

chloroform, ether, toluene, 1-chlorobutane, ethyl acetate, methyl- 

isobutylketone, 1-pentanol and 1-butanol. Further, the optimum pH for 

extracting allopurinol and oxipurinol and a suitable buffer for plasma 

were selected. The final method was selected after numerous variations 

to improve the method had been tested.

In order to evaluate the method, the precision and daily 

variability of the method was determined. Standard curves consisting 

of three identical plasma samples at each of five concentrations 

between 4.0 and 0.10 yg/ml were run on three different days. The 

precision of the assay was judged by calculating the coefficient of 

variation of the samples for each concentration. The coefficient of
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variation was taken as the value of the standard deviation divided by 

the mean peak height ratio. The daily variability of the 

method would be apparent in any consistent change in the slopes of the 

regression lines describing the standard curves.

The method was checked for other drugs such as caffeine and 

theophylline or endogenous compounds which might interfere with the 

procedure. Potentially, a number of endogenous compounds could inter

fere with the method. The compounds chosen for testing were selected 

on the basis of some work done by Butts (1972). Butts has collected 

retention time data for a large number of purines, pyrimidines, 

nucleosides, and nucleotides. Butts derivatized the compounds using a 

siliation procedure and obtained methyl derivatives of the compounds. 

Since the identity of the derivatives obtained by this procedure are 

unknown, the information about the retention times could only be used 

as a general guide for selecting compounds that might interfere with 

the assay. -

Finally, the method was used to analyze plasma for allopurinol 

and oxipurinol following a single 600 mg oral dose in a human subject. 

The concentration versus time data for allopurinol and oxipurinol was 

fit using a computer program for nonlinear regression analysis (NONLIN) 

to a one-compartment model. Computer fitting of the data allowed 

the half-lives of elimination of allopurinol and oxipurinol and the 

rate of absorption of allopurinol to be estimated.

Allopurinol and oxipurinol were obtained in pure, powdered form 

from Burroughs Wellcome. Stock solutions of allopurinol and oxipurinol



23
were prepared by dissolving 0,10 g of material in 100 mis dimethyl- 

sulfoxide in a volumetric flask, A standard solution for spiking 

plasma containing 0,02 yg/pl allopurinol and oxipurinol was prepared by 

diluting two milliliters of each stock solution to 100 ml with water in 

a volumetric flask,

lodomethane9 iodoethane, 1-iodobutane and 1,0 molar tetra- 

methylammonium hydroxide in methanol were obtained from Eastman Kokak, 

Compounds used to test for possible interference to the method were 

obtained from Vega Biochemical,

The gas chromatograph used in this study was a Hewlett Packard 

5711A gas chromatograph equipped with dual nitrogen-flame ionization 

detectors. The gas chromatograph could be used in either mode by 

simply switching detector collectors and altering gas flows. When the 

chromatograph was used with flame ionization detection the gas flows 

of nitrogen3 hydrogen and air were 30, 40 and 240 ml/min., respectively. 

Flame ionization detection was used frequently during the development 

of the derivatization procedure. When the nitrogen detector was used 

gas flows.of 30, 3.5 and 60 ml/min were used for nitrogen, hydrogen 

and air? respectively. A one-quarter inch glass column packed with 3% 

SE-30 was used.



RESULTS1AND DISCUSSION

Allopurinol9 oxipurinol and related purine compounds can be 

derivatized with iodoalkanes to volatile compounds possessing good 

chromatographic properties. This observation has been incorporated 

into a plasma assay for allopurinol and oxipurinol. The development of 

this analytical method and the structural identification of the deriva

tives formed by the procedure is described in this section. Further, 

the use of the method is illustrated by the analysis of samples 

following a single oral dose of allopurinol in a human subject.

Development of a Derivatization Procedure 

. A chromatogram of underivatized allopurinol is shown in 

Figure 3. One microliter of the allopurinol stock solution repre

senting one microgram was injected into the gas chromatograph and 

detected with the nitrogen detectors Allopurinol appears as a broad, 

tailing peak, illustrating the need for derivatization.

The use of tetraalkylammonium hydroxides is a common method of 

derivatizing theophylline. Figure 4 shows a chromatogram obtained with 

the nitrogen detector when 50 ng of allopurinol is derivatized on- 

column with one microliter of 0.01 molar TMH in MeOH. The large 

solvent front in this figure is due to the nitrogen products of the 

reaction. Allopurinol__is apparently derivatized because the retention 

time is shorter but still appears as a broad peak. Similar results are

24



Operating Conditions:

injection port: 250° C 
detector: 300° C (NP) 
column temp.: 230° C 
attenuation: 1/32

, . — , — |-------------------- 1----------------------1---------------------- 1----------------------1------------------------ 1------------------ r— — — i

0 2 4 6 8 10 12 14 16
Minutes

Figure 3. Chromatogram of Underivatized Allopurinol
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Operating Conditions:

injection port: 250° C
detector: 300°rC (NP)
column temp.: 200° C
attenuation: 1/32

T TT TTr
0 2 4 6 8 10

Minutes

Figure 4. Chromatogram of Allopurinol Derivatized On-column
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obtained with larger amounts of allopurinol and more concentrated 

solutions of TMH when flame ionization detection is used.

In contras±,_ derivatization of allopurinol and oxipurinol 

using iodoalkanes has been found to produce sharp, symmetrical peaks.

A variety of combinations of solvents, time and temperature were tried 

in order to optimize the reaction conditions.

The reaction of an alkyl iodide with a purine or pyrazolo- 

pyrimidine requires the removal of a proton from nitrogen. The removal 

of the proton is accomplished by carrying the reaction out in the 

presence of a strong base. Thus, the reaction is base catalyzed.

Figure 5 shows, using a flame ionization detector, the iodoethane 

derivatives, of allopurinol,. .theophylline. and oxipurinol obtained by 

reacting 50 pi of iodoethane with 10 yg allopurinol, theophylline and 

oxipurinol in 50 pi of one molar TMH in methanol. The derivatives 

appear as sharp, symmetrical peaks. The reaction was observed to 

occur slowly, if at all, at room temperature. Incubating the reaction 

mixture at 60° C for several minutes was observed’ to insure a complete 

reaction. By using different amounts of TMH it was found that 50 pi or 

more of TMH produced a complete reaction.

The amount of time required for allopurinol and oxipurinol to 

react with iodoethane in a one molar solution of TMH at 60° C was 

determined. Pairs of samples containing allopurinol and oxipurinol 

were incubated for up to two hours at 60p C. Figure 6 shows the in

crease of peak heights of allopurinol and oxipurinol relative to a 

fixed amount of previously derivatized internal standard as the
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Operating Conditions:

injection port: 250° C
detector: 300° C (FID)
column temp.: 200° C
attenuation: 10/32

— rT TT T

o 2 4 6 8 10
Minutes

Figure 5. Chromatogram of lodoethane Derivatives of Allopurinol, 
Theophylline and Oxipurinol
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reaction progressed. This figure shows iodoethane reacts quickly under 

these conditions. Twenty minutes was chosen as a standard amount of 

time to insure a complete reaction. The role of temperature in the 

reaction is that of a catalyst. The reaction reaches completion 

faster at higher temperatures. The reaction temperature of 60° C was 

chosen on the basis of being below the boiling points of reaction 

mixture components and having been used previously in a theophylline 

procedure (Solomon 1975).

When allopurinol, theophylline and oxipurinol were reacted 

with iodoethane in one molar solutions of sodium and ammonium 

hydroxide, incomplete derivatization was seen. Figure 7 shows the 

chromatogram when-these:; bases.;:were . used under^videntical-conditions« 

Theophylline and oxipurinol produce comparatively small peaks.

When the reaction mixture is injected directly into the gas 

chromatograph and detected using the nitrogen detector a large 

solvent front is seen. It was found that after the reaction the 

solvent front can be eliminated by extracting the derivatives from the 

reaction mixture into hexane. This extraction step separated the 

derivatives from,nitrogen in the form of TMH present In the reaction 

mixture. The hexane is evaporated and the sample reconstituted in 

ethyl acetate. Solvents other than hexane were tried but found to be 

less selective.
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Operating Conditions:

injection port: 250° C
detector: 300° C (FID)
column temp.: 200° C
attenuation: 10/32

I
0 2 4 6 8 10 12 0 2 4 6 .8 10 12

Minutes

Figure 7. Chromatogram of Derivatives Obtained Using NaOH and NH^OH as 
Base Catalysts
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Identification of Allopurinol 
and Oxipurinol Derivatives

Considering that the 1 and 5 nitrogens of allopurinol had a 

proton while the 1, 5 and 7 nitrogens of oxipurinol had a proton, these 

were the suspected sites of alkylation. Whether all available sites 

were being alkylated was not known.

Sufficient amounts of derivatives of allopurinol and oxi

purinol were obtained for analysis by reacting one milligram of drug 

with 50 yl iodoethane or iodomethane in 100 yl of one molar TMH at 

60° C for 20 minutes. Hexane extracts of several identical reaction 

mixtures were combined and evaporated. In this way methyl and ethyl 

derivatives of allopurinol and oxipurinol were obtained. The methyl 

and ethyl derivatives prepared in this way had the same retention 

times compared to those prepared previously on a smaller scale. Since 

-the ethyl derivatives were ultimately chosen for the method for 

reasons to be explained later, the identification of these derivatives 

was particularly desired.

The allopurinol derivatives had an off-white color and waxy 

consistency. Repeated attempts to recrystallize the allopurinol 

derivatives failed. The oxipurinol derivatives were white and con

sisted of thin sharp crystals. The oxipurinol derivatives were found 

to crystallize from warm hexane upon cooling. This allowed the 

oxipurinol derivatives to be recrystallized..

The melting ranges of the methyl and ethyl, derivatives 

of allopurinol arid oxipurinol are shown in Table 2. Absorbance versus 

wavelength scans from 400 to 200 nanometers were obtained using a
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Table 2. Physical Data of Derivatives

UV Absorbance, nm 
Max/Min/Max' ■

Melting Range, 
°C

Allopurinol

methyl

ethyl

Oxipurinol

methyl

ethyl

213/231/250

212/233/250

214/237/257

212/223/254

211/225/261

212/228/266

180 - 190 

109 - 115

217 - 220 

94 - 96



Beckman Model 25 spectrophotometer. Each derivative was dissolved in 

methanol and scanned against a reference cuvette containing methanol. 

The absorption maxima and minima, of allopurinol and oxipurinol and 

their derivatives are shown in Table 2 (page 33). The derivatives 

were also subjected to thin layer chromatography on silica gel G using 

a 50:50:1 methanol:butanol:ammonium hydroxide as a developing solvent. 

In this system the derivatives can be cleanly separated from each 

other and located on the plates by visual inspection under a 254 run 

light. All of the derivatives, except one, gave rise to only one spot. 

The allopurinol ethyl derivative gave an additional faint spot.

Election impact (70 eV) mass spectra of allopurinol, oxipurinol 

and their ethyl derivatives:werenobtained using a Hewlett-Packard 

5930A mass spectrophotometer. The mass spectra of underivatized allo

purinol and oxipurinol are shown in Figures 8 and 9. These spectra 

were obtained by introducing the compound directly into the instrument.

The mass spectra of the ethyl derivatives of allopurinol and 

oxipurinol are shown in Figures 10 and 11, The derivatives were dis

solved in ethyl acetate to give a 2% solution and chromatographed on 

an 0V-101 column before obtaining their mass spectra. Assignments for 

the major peaks in the mass spectra of the ethyl derivatives is given 

in Table 3. The fragmentation pattern of the derivatives indicate 

that the ethyl groups are easily lost from the molecules, reforming 

the parent compound. The parent peaks of the derivatives indicate 

that two ethyl groups are being added to allopurinol while three have 

been added to oxipurinol.



Figure 8. Mass Spectrum of Allopurinol



36

100 ISOso
37

Figure 9. Mass Spectrum of Oxipurinol
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Figure 10. Mass Spectrum of Ethyl Allopurinol Derivative
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Figure 11. Mass Spectrum of Ethyl Oxipurinol Derivative
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Table 3» Assignments of Major Peaks in Mass Spectra of Ethyl 

Derivatives

M/e Assignment

Allopurinol
Derivative

192

177

164

152

136

Diethyl allopurinol

loss of a methyl group

loss of one ethyl group

loss of one ethyl and one methyl group

loss of two ethyl groups, reforming allopurinol, or
loss of CH0-CH0-N=CH3 2 +

Oxipurinol
Derivative

236

221
208

193

180

152

1,5,7-triethyl allopurinol

loss of a methyl group

loss of one ethyl group

loss of one ethyl and one methyl group

loss of two ethyl groups, or loss of CH -CEL--N=CH

loss of three ethyl groups, reforming oxipurinol
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Search of the chemical literature has revealed that no diethyl 

derivatives of allopurinol have been reported. Druey, Schmidt and 

Eichenberger (1964) have, however, reported the preparation of 1,5- 

dimethyl allopurinol (m.p. 181-182° C), 2,5,7-triethyl oxipurinol 

(m.p. 118-120° C) and 1,5,7-trimethyl oxipurinol (m.p. 230-231° C).

The evidence obtained indicates the allopurinol derivative 

obtained is a mixture. A plausible reaction for the ethyl derivative 

of allopurinol providing for 1,5- and 1,7-diethyl allopurinol as 

products is shown in Figure 12.

Definitive evidence that the oxipurinol ethyl derivative is 

the 1,5,7-triethyl isomer (Figure 13) was obtained using nuclear 

magnetic resonance. The 1,5,7-triethyl isomer possesses three types of 

protons on the molecule. The first proton downfield would be a small 

peak due to the aromatic hydrogen at position 3 in the molecule. Next 

three methylene hydrogens were expected to be found close together and 

split into four peaks due to the neighboring methyl groups. Finally, 

nine methyl hydrogens would be present upfield and split into a triplet 

by the neighboring methylene groups. Integration should reveal that 

the three types of protons are present in a 1:6:9 ratio.

The nuclear magnetic resonance spectra of the oxipurinol 

ethyl derivative is shown in Figure 14. About 15 mg of the derivative 

was dissolved.in deuterated chloroform containing TMS as a marker. The 

small amount of oxipurinol derivative ̂ available and the high concentra

tion of TMS produced some extra peaks, a spectrum of which is shown in 

Figure 15. Nevertheless, the spectra confirm the oxipurinol deriva

tive is the 1,5,7-triethyl isomer.
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Figure 12. Proposed Reaction Mechanism for Allopurinol and lodoethane
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Figure 13. Proposed Reaction Mechanism for Oxipurinol and lodoethane
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EM - 360 MHZ NMR Spectrometer

Operating Conditions:

RF Power - 0.1 mG ^
Spectrum Amplitude - 2x10 
Filter - 0.1 sec 
Sweep Width - 10 ppm 
Sweep Time - 5 min.
Solvent - CDCl- 
TMS marker used

0 ppm

Figure 14. Nuclear Magnetic Resonance Spectrum of Ethyl Oxipurinol Derivative
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EM - 360 MHZ NMR Spectrometer
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Figure 15. Background Peaks Present in NMR
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Development of a Plasma Assay 

Once a suitable derivatization procedure had been devised it 

was incorporated into a plasma.assay utilizing the nitrogen detector.

Nonpolar solvents such as ether, chloroform and toluene which 

have been used to extract theophylline were not effective for extract

ing allopurinol and oxipurinol. Theophylline has two methyl groups 

substituted on the nitrogen on the xanthine ring and therefore behaves 

as a more nonpolar drug than allopurinol; The best recovery of allo

purinol and oxipur inol from water was obtained with 1-butanol which 

gave 73% and 63% recoveries of allopurinol and oxipurinol, respectively. 

The recovery was determined by extracting allopurinol and oxipurinol 

from ohe-haifr:miiiiliter.'water^with: twa milliliters of one butanol. 

After mixing and centrifugation, the butanol layer was aspirated and a 

fixed amount of an internal standard was added. The peak-height ratio 

of allopurinol and oxipurinol to the internal standard was compared to 

the peak height ratio of an equivalent amount of allopurinol and oxi

purinol that had not been extracted. The recovery from plasma dropped 

to 59±8% (± standard deviation) and 49+12% for allopurinol and oxi

purinol due to the formation of a "plasma cake." This emulsion could 

be eliminated by deproteinizing the plasma prior to extraction with 

trichloroacetic acid.

The recovery of allopurinol and oxipurinol was found to depend 

on pH. As expected from their pK^’s allopurinol and oxipurinol may be 

recovered from slightly acidic solutions. The recovery of allopurinol 

and oxipurinol fell sharply above pH 7. Buffering plasma to pH 6
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using a one molar solution of sodium phosphate gave better results 

than using hydrochloric acid.

Thus 3 it was found that allopurinol and oxipurinol could be 

extracted from plasma buffered to pH 6 using 1-butanol. After the 

butanol had been evaporated the residue could be reacted with iodo- 

ethane by carrying out the derivatization reaction in a 1.0 M solution 

of TMH in methanol. In order to quantitate the amount of allopurinol 

and oxipurinol an internal standard was used. Initially9 theophylline 

was added to the butanol to act as an internal standard. However5 

plasma was found to contain an interfering peak with the same reten

tion time. A theophylline analog, beta-hydroxypropyl theophylline, 

was substituted^ _A;stocks solution ._of this internal standard was pre

pared by dissolving 0 . 1 0 g of beta-hydroxypropyl theophylline in 1 0 0 ml 

dimethylsulfoxide. The extracting solution was then prepared by 

diluting 400 yl of the stock solution with 250 ml 1-butanol.

In this manner a gas-liquid chromatography method for allo

purinol and oxipurinol was elaborated. The following procedure was 

ultimately devised. .

Using a volumetric micropipet 0.50 ml plasma was transferred 

to a clean (chromic acid washed) 3 ml conical centrifuge tube con

taining 100 yl of 1.0 M NaH^PO^. Exactly. 2.0 ml of 1-butanol 

containing beta-hydroxypropyl theophylline as an internal standard was 

added to the plasma.

The sample was vortex mixed at high speed for 60 sec and then 

centrifuged for 5 minutes. The top butanol layer was transferred to.



47
another test tube and evaporated to dryness in a water bath at 60° C 

under a stream of nitrogen•

The butanol residue was dissolved in 75 yl of 1.0'M TMH in 

methanol and 50 pi of iodoethane was added to derivatize allopurinol 

and oxipurinol. The reaction mixture was vortex mixed at high speed 

for one minute to insure all the butanol residue had been dissolved.

The mixture was then left for 20 minutes at 60° C in a water bath to 

insure a complete reaction.

The ethyl derivatives were extracted from the reaction mixture 

with hexane. About two milliliters of hexane was added to the reaction 

mixture9 vortex mixed for 30 seconds, transferred to a disposable test 

tube and evaporate dr. The. hexane,, residue .was redissolved in 20 pi of 

ethyl acetate and 6 pi injected into the gas chromatograph.

A Hewlett-Packard model 5711A gas chromatograph equipped with a 

nitrogen detector was used to detect allopurinol and oxipurinol. The 

nitrogen, hydrogen and air flow rates were; 30, 3i5 and .60. ml/min., 

respectively. The injection port and detector temperatures were held 

at 250° arid 300° C, respectively. The oven temperature was programmed 

to increase from 170° C to 230° C at a rate of 8° C/min and to hold 

the final temperature for 2 minutes. An attenuation of 10/32 was used, 

A quarter-inch glass column packed with 3% SE-30 on 100/120 mesh 

Chromosorb Q was used to separate the compounds. Under these condi^ 

tions allopurinol, oxipurinol and the internal standard had retention 

times of 2.6, 4.8 and 5.6 minutes, respectively. The total analysis 

time per sample was ten minutes. Sample chromatograms of plasma
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containing 4.0 and 0.1 yg/ml allopurinol and oxipurinol are shown in 

Figure 16,

Three standard curves for allopurinol and oxipurinol in plasma 

in the concentration range of 4.0 to 0.10 yg/ml are shown in Figures 17 

and 18. Each standard curve consisted of triplicate samples of five 

concentrations. The data for the standard curves is given in Table 4.

Inspection of the standard curves reveals there is a signifi

cant variation in the slopes of the regression lines of the standard 

curves from day to day. In general, a decrease in the peak-height 

ratios of allopurinol and oxipurinol occurred on consecutive days.

The decrease occurred simultaneously with a broadening of the peaks. 

This problem is associated:with, the condition and age of the column.

The problem is especially acute due to working in the submicrogram 

range. At present, column aging and consequent broadening of peaks 

limits the application of the method.

Figure 19 shows a chromatogram obtained when water containing 

no drug is carried through the procedure. This chromatogram permits 

the background noise due to the method alone to be assessed. Figure 20 

shows a chromatogram of plasma containing no allopurinol or oxipurinol. 

This figure shows there are three peaks present in the chromatogram 

due to endogenous substances extracted from plasma. The major inter

fering peak has a retention time of 4.2 minutes. Two minor interfering 

peaks have retention times of 2.4 and 5.2 minutes.

Several modifications of the butanol extraction were tried 

unsuccessfully to eliminate these interfering peaks. Back extraction
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Operating Conditions

injection port: 250° C 
detector: 300° C
column temp.: 170-230° C at 8° C/min rise
attenuation:, 10/32
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r
10 0 2 4 6 8

Minutes Minutes

Figure 16. Chromatogram _of 4.0 and 0.10 micrograms/milliliters 
Allopurinol and Oxipurinol in Plasma
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Table 4. Data for Standard Curves

Cone. A/IS Coef. O/IS Coef.
Tag/ml ratio Var. ratio . Var.

I 0.10 .01 .05
.04 .573 .12 .481
.03 .15

0.50 .08 .31
.12 .201 .31 .137
.11 .39

1.00 .24 .62
.25 .042 .53 .140
.23 .47

2.00 .47 1.20
.51 .043 1.29 .042
.48 1.20

4.00 .87 2.21
.93 .150 2.38 .060

1.15 2.49

II O.iO .02 .22
.01 .500 .30 .336
.03 .15

0.50 .05 .50
.06 .167 .45 .176
.07 .35

1.00 .18 ' .61
.12 .277 .56 .067
.11 .64

2.00 .31 1.02
.33 .327 1.06 .090
.34 .89

4.00 .88. 1.69
1.07 .124 1.91 .067
1.12 1.72

III 0.10 .02 - .10 -
.03 -217 .15 .258
.03 .17

.50 .09 .31
.10 .148 .35 .165
.12 .25

1.00 .31 .46
.36 .180 .57 .171
.25 .41
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Table 4. - - Continued

Cone. A/IS Coef. O/IS Coef.
yg/rnl ratio Var. ratio Var.

2.00 .58 .96
.42 .185 .71 .068

' .60 .93
4.00 1.04 1.41

.97 .063 1.47 .037
1.10 1.69

8.00 2.89
3.10

Regression Lines

Allopurinol = .248 x - .01

yll = *165 % - "01
yIII = .260 x + .01

Oxipurinol y = .584 x + .03.

■y x = .391 x + .21

.yjjj = .358 x + .12
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Operating Conditions

injection port: 250° C
detector: 300° C (NP)
column temp.: 170-230° C

at 8° C/minute rise 
attenuation: 10/8

0 2 4 6 8 10 Minutes

Figure 19. Chromatogram of Water Blank
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Operating Conditions

injection port: 250° C
detector: 300° C
column temp.: 170-230° C

at 8° C/min rise 
attenuation: 10/8

T I
0 2 4 6 8 10

Minutes

Figure 20. Chromatogram of Plasma Blank
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of allopurinol and oxipurinol into base followed acidification and re- 

extraction into butanol was unsuccessful because the recovery, of both 

the drugs and the endogenous compounds declined drastically» Washing 

the butanol residue with toluene showed little effect. Reacting the 

residue with iodomethane instead of iodoethane revealed a similar 

pattern of endogenous compounds9 including one interfering with the 

allopurinol peak. This made derivatization with iodomethane undesir

able. Attempts were made to eliminate the endogenous compounds by 

using the hexane extraction step. When the reaction mixture -was 

diluted with 100 pi water an emulsion formed. If, however, the 

reaction mixture was neutralized by the addition of 100 pi 0.1 molar 

HC1 an emulsion did not form and the allopurinol and oxipurinol 

derivatives could be extracted efficiently with hexane or other less 

polar solvents. However, the endogenous peaks were still present in 

the chromatograms and the internal standard peak height decreased by 

more than half. Thus, these interfering peaks have resisted attempts 

to further separate the endogenous compounds from the allopurinol and 

oxipurinol. This has led to the suspicion that these compounds are 

probably closely related purines.

A number of compounds related to allopurinol and oxipurinol 

were run through the method in order to identify possible inter

ferences to the method. The compounds tested are listed in Table 5.

On the basis of the retention times gathered, xanthine could account 

for the major peak seen in the gas chromatograms of blank plasma. In

i
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Table 5. Compounds Tested for Possible Interference —  This table

indicates the retention times of these compounds on 3% SE-30 
when the temperature was programmed to rise from 160° C to 
2500 C at 8C/min.

Substance ■ * - Retention Time9 minutes

Caffeine 4.2

Theophylline 4.2

Theobromine 4.2

Hypoxanthine 2.4

Xanthine 4.2

Uric Acid 7.5

Adenine 2.1 (two peaks)

Adenosine no peak

Guanosine no peak

Uridine 8.8.

Orotic Acid no peak

Tryptophan 7.0 (three peaks)

Allopurinol ' 3.0

Oxipurinol 5.2

beta-hydroxypropyl-
theophylline 6.4
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general, the retention times of pyrimidine and purine bases are less 

than those of the nucleosides and nucleotides as observed by Butts 

(1972).

Theophylline, theobromine and caffeine were added to plasma 

and carried through the procedure. All three drugs were detected by 

the method and had retention times the same as xanthine. Figure 21 

shows a chromatogram of these compounds. Considering the similar 

chemical structures of these compounds it seems likely that xanthine, 

theophylline and theobromine are derivatized to nearly indistinguish

able isomers.

Analysis of Plasma Following an Oral Dose 
of Allopufinol

In order to demonstrate the utility of the method, plasma con

centrations of allopurinpl and oxipurinol were determined following a 

single 600 mg oral dose of allopurinol in a human subject. The plasma 

concentrations of allopurinol and oxipurinol in the subject were cal

culated from their peak heights relative to the internal standard 

using the regression lines from the third standard curve which was run 

immediately following the subject’s samples/ The plasma concentration 

and time values are given in Table 6.

The one compartment model to which the data for allopurinol and 

oxipurinol was fit using NONLIN is shown in Figure 22. This model 

represents a drug that is absorbed and then eliminated via metabolism 

or renal excretion. The model assumes that these processes can be 

represented as linear or first-order processes.
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Operating Conditions

injection port: 250° C
detector: 300° C
column temp.: 170-230° C

at 8° C/min rise

T
0 2 4 6 8 10

Minutes

Figure 21. Chromatogram of Caffeine, Theophylline, Theobromine and 
Xanthine
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Table 6. Plasma Concentration Versus Time Data

Hours Allopurinol.,... . Ox'ipurinol
V g / m l  y g / m l

0 0 0 
0.50 1.69
0.75 .715 3.28
1.33 1.38 4.64
I.82 1.65 7.75
2.25 2.05 8.15
2.75 1.63 8.66
3.77 1.20 8.75
5.77 .70 8.20
7.67 7.61

9.70 6.48
II.71 7.27
23.42 5.40
35.75 • . 4.89
48.50 3.56
60.17 1.98
73.08 1.39
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Model

- amount of drug available for absorption

X - amount of drug in plasma 

X - doseo
M - amount of metabolite in plasma

lc rate constant of absorption a
k - rate constant of elimination of drug in urine e
k„ - rate constant- of metabolism f
K - overall rate constant of elimination equal to K +

k - rate.constant of. elimination- of metabolite m
V - volume of distribution 

F - fraction of dose absorbed

Figure 22. One Compartment Model
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This model requires a biexponential equation to describe the 

change in concentration of all'opurinol with time. When the differen

tial equation describing allopurinol was integrated using the method of 

Laplace Transforms an equation of the form C = A(e ^at - e ^t) was 

obtained. The allopurinol data was fit to this equation using NONLIN. 

The explicit equation for allopurinol required by the model and the 

parameters of this equation estimated by NONLIN are given in Figure 23. 

This data is also displayed graphically in Figure 24. The solid line 

in Figure 24 represents the computer-fit line. The suitability of the 

model for describing the allopurinol data may be judged by the corre

spondence of the line to the allopurinol concentration-time points.

The figure shows an adequate but not fully satisfactory fit of the 

data has been achieved. The model can be manipulated to more closely 

approximate the data. For example9 the absorption process could be 

considered to be a zero-order process analogous to an infusion where a 

constant amount of drug is delivered into the system during each unit 

of time. The integrated equation for the concentration of allopurinol 

and the estimates of the parameters of the equations provided by 

NONLIN for this variation of the model are shown in Figure 25. The 

broken line in Figure 24 represents the fit of the data obtained.

Analysis of the model shown in Figure-22 (page 61) for the con

centration of the metabolite indicates that oxipurinol can be described 

by a triexponential equation. The concentration of oxipurinol is a 

function of the rate of absorption and elimination of allopurinol and 

the rate of elimination of oxipurinol. The oxipurinol data was fit to
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Allopurinol

kaF X6 , -k t -Kt.
c = v(K=irr (e a " e )

= A (e"kat - e"Kt)

' Results of NQNLIN

A - 18.14 yg/ml

k - .394 hr F a
K - .502 hr""1

correlation - „945 

degrees of freedom - 5. 

weighted sum of squares - .369

Figure 23. Model Parameters for Allopurinol
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Allopurinol

Fk 

VK
C - — ( e "  - X) e-Kt

k - rate constant of infusion o
T - infusion time (0-2.25 hours)

Results of NONLIN

FV . 3.81 yg/ml 

K - .32 hours-1

weighted sum of squares - .034 

correlation - .995 

degrees of freedom - 6

Figure 25. Model’Parameters for Allopurinol Assuming Zero-Order 
Absorption/ -
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both a biexponential and a triexponential equation» An F-test was 

then used to determine which equation best fit the oxipurinol data.

The integrated equation describing oxipurinol and the estimated values 

of the parameters are shown in Figure 26. The F-test applied to two 

equations indicates the triexponential equation does not produce a 

significantly better fit of the data at the 95% confidence level. 

Therefore5 the oxipurinol data has been found to be best described by 

the simpler biexponential equation. Figure 27 presents the oxipurinol 

data graphically and shows a satisfactory fit of the data to the model 

has been obtained.

Allopurinol was observed to reach a maximum concentration of

2.0 yg/ml and then decline linearly. Since the elimination half-life 

equals 0.693/K, allopurinol had a half-life of 2.17 hours. Oxipurinol 

was observed to reach a maximum concentration of about 8 yg/ml and then 

decline slowly in a linear manner. Oxipurinol had an elimination half- 

life of 29.4 hours; These results agree well with the results of 

Elion et al. (1966). Elion et al. observed elimination half-lives on the 

order of 2 hours for allopurinol and 30 hours for oxipurinol following 

an oral dose of allopurinol in three human subjects. Hande, Reed and 

Chabner (1978) found a much shorter half-life of 37 minutes for allo

purinol when administered intravenously and a half-life of only 14 

hours for oxipurinol when administered orally or intravenously.
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C = k k FX f a  o
-k te a -Kt -k te m

(K-k ) (k -k ) (k -K) (k -K) (k -k ) (K-k )a m a m a m  m

a —k t —Kt —k tA e a H - B e  + C e m

Results from NQNLIN 

A

ka
B

K

C

km
correlation

degrees of freedom (df)

weighted sum of squares 
(WSS)

F-test (df ̂ > df^ )J K

triexponential 

-8.86 yg/ml 

.930 hour”1 

-6.15 yg/ml 

.0017 hour”1 

14.-21 yg/ml 

.0082 hour 

.957 

11
14.15

-1

WSS. - WSS.
f - — 3----- h x (

WSS,

dfk
df. - dfk

biexponential 

-19.39 yg/ml 

.799 hour 1

9.64 yg/ml 

.0236 hour 

.971 

13

7.64

-1

7.64 - 14.15 11  x14.15 13-11 -2.53

Figure 26. Model Parameters, for Oxipurinol
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SUMMARY AND RECOMMENDATIONS

> A gas-liquid ,chromatographic method for the determination of

allopurinol and its major metabolite, oxipurinol, has been described* 

The method derivatives allopurinol and oxipurinol using iodoethane to 

volatile compounds which may be chromatographed and detected with a 

selective nitrogen-phosphorus detector* The derivative of allopurinol 

formed by the procedure has been identified as a mixture of 1,5- and 

1,7-diethyl allopurinol. The iodoethane derivative of oxipurinol was 

found to be 1,5,7-triethyl oxipurinol. The structures of the deriva

tives of allopurinol and oxipurinol have been inferred on the basis of 

evidence obtained with mass spectroscopy, nuclear magnetic resonance, 

thin-layer chromatography and melting point data. The method has been 

used to analyze plasma samples following a single 600 mg oral dose in 

a human subject * The plasma concentration versus time data was fit to 

a one compartment model. The results show allopurinol and oxipurinol 

had elimination half-lives of 2.17 and 29.4 hours, respectively.

The major problem of the method encountered was peak broadening 

due to column aging and condition. A second related problem concerns 

the butanol extraction step. Ideally, one choses the least polar 

solvent capable of extracting the compound of interest* In the case of 

allopurinol and oxipurinol less polar solvents demonstrated little or 

no ability to extract allopurinol or oxipurinol* Thus, a strongly 

polar solvent like 1-butanol was required* However, using a strongly

69
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polar solvent for extracting allopurinol and oxipurinol has the disad

vantage of poor selectivity since other drugs and endogenous compounds 

are also likely to be extracted. The endogenous plasma components 

coextracted with allopurinol and oxipurinol probably contributed to the 

decline in the condition of the column. The degree of selectivity 

achieved by the method was largely due to the use of a detector that is 

highly selective to nitrogen-containing compounds. The method might be 

improved by using another method such as liquid chromatography to 

separate allopurinol and oxipurinol in plasma samples.

Allopurinol and oxipurinol represent an unusual drug-metabolite 

pair. Oxipurinol is also a xanthine oxidase inhibitor but is elimi

nated more slowly than its parent drug. For this reason, oxipurinol is 

responsible for a significant portion of the pharmacologic effects of 

allopurinol. Any studies concerning allopurinol therefore should 

account for the concentration of oxipurinol. One area of future 

investigation concerns the availability of allopurinol. The extent to 

which allopurinol is metabolized in the gut by xanthine oxidase or 

aldehyde oxidase before reaching the systemic circulation is not known. 

Since allopurinol is currently being administered by rectal doses 

during cancer chemotherapy it is important to assess the availability 

of allopurinol from different routes of administration. It was toward 

this goal that a gas-liquid chromatography method for allopurinol and 

oxipurinol was developed.
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