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Development and clinical application of high performance
liquid chromatography for the simultaneous determination
of plasma levels of theophylline and its metabolites
without interference from caffeine
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ABSTRACT: A high performance liquid chromatography (HPLC) method has been developed for the simultaneous determination of
plasma levels of theophylline and its metabolites without interference from caffeine or caffeine metabolites. The method is simple and
of practical use because it is applicable even to plasma samples from patients who take caffeine-containing beverages. The methc
was also reproducible with a coefficient of variation of less than 5% for each analyte. The levels of theophylline, determined by
HPLC, were validated by their high correlation to the levels obtained by fluorescence polarization immunoassay. HPLC was used tc
determine theophylline levels in patients with bronchial asthma. The data revealed that the ratio of 1,3-dimethyluric acid, the major
metabolite of theophylline, to theophylline concentration in the plasma was within a narrow range in most patients (00155

n = 66), regardless of the method of theophylline administration or the time of blood sampling. Conversely, this ratio was as low as
0.027+ 0.005 in the patient with a long plasma half-life of theophylline. These results suggest that it may be possible to predict the
plasma half-life of theophylline for each patient from a single blood sample. This may be useful when planning theophylline
administration, especially in patients with abnormal theophylline metabolism. Copyrigt299 John Wiley & Sons, Ltd.

INTRODUCTION 1,3-dimethyluric acid which accounts for 45%-55% of
total theophylline clearance (Fig. 1). Other important
Theophylline is a bronchodilator used in the treatment of steps in metabolism of theophylline axedemethylation
acute and chronic asthma. The drug is effective within ato form 1-methylxanthine (20%-25% of the total
narrow range of plasma concentrations (10gg80mL) clearance) and 3-methylxanthine (13%-16% of the total
and side-effects occur when plasma levels excegtg20 clearance). 1-Methylxanthine is rapidly converted by
mL. The rate of metabolism of theophylline varies xanthine oxidase to 1-methyluric acid and is thus
considerably from one individual to another and, there- normally undetectable.
fore, effective and safe theophylline therapy requires Changes in theophylline metabolism have been shown
dose optimization by measuring plasma theophylline to occur depending on the age of the patient. In neonates,
levels (Hendelest al., 1978). for example, hepatic metabolism is not fully developed
Approximately 85%—90% of the administered dose of and, therefore, approximately 50% of the administered
theophylline is metabolized by the hepatic microsomal dose of theophylline is excreted in unmodified form in the
enzyme cytochrome P450 and the rest is excreted inurine and the rest is metabolized partly to caffeine by
unchanged form in the urine (Tseregal., 1981; Richer = methylation (Tserngt al., 1981; Richer and Lam, 1993).
and Lam, 1993). The major step in the metabolic pathway Some of the theophylline metabolites are known to have
is hydroxylation at position 8 of theophylline to generate bronchodilator activity. Among them 3-methylxanthine
is as potent as theophylline (Williangt al., 1978). In a
*Correspondence to: J. Kizu, Department of Pharmacy, Branch report on the use of theophylline in patients with renal
Hospital, Faculty of Medicine, University of Tokyo, 3-28-6 Mejirodai, failure, serious side-effects were observed following
Bunkyo-ku, Tokyo 112, Japan. . . .
tPresent address: Department of Pharmacy, Faculty of Medicine, accumulation of high levels of 3-methylxanthine and 1,3-
University of Shinshu, 311 Asahi, Matsumoto-shi, Nagano 390, Japan. dimethyluric acid (Leakeyet al, 1991). Therefore, in
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Figure 1. Proposed scheme for the metabolism of theophylline in humans. The major step in the metabolic pathway is the
hydroxylation of theophylline at position 8 to generate 1,3-dimethyluric acid.

order that theophyllinecan be usedsafely, the simulta-
neousdeterminatiorof plasmaevelsof theophyllineand
its metabolitess important.

A methodfor the determinatiorof levelsof theophyl-
line andits threemajor metabolitesy high performance
liquid chromatographyHPLC) wasreportedby Kodera
etal. (1985)andby Hamasakkt al. (1986).However,in
thesetwo studiesthe intake of caffeine-contaimg food
andbeveragesuchascoffee,tea,colaandchocolatevas
prohibited for 24h prior to blood sampling. This is
becausecaffeine is metabolizedto paraxanthine(1,7-
dimethylxanthine),theobromine(3,7-dimethylxanthine)
and theophylline, and further to 1,7-dimethyluricacid
(Tang-Liu et al., 1982a),and thesemetabolites,espe-
cially paraxanthine,interfere with the detection of
theophylline and its metabolites. A gradient HPLC
method(Sarkaret al., 1991) and an ion-pair reversed-
phaseHPLC method(Muir et al., 1982; Naline et al.,
1987) were reportedto solve this problem. However,
thesdattermethodgequirerelatively expensivegradient
HPLC apparatuor a long stabilizationtime.

We havedevelopeda simple methodfor the simulta-
neouddeterminatiorof plasmaevelsof theophyllineand
its metabolites, together with caffeine and caffeine
metabolitesby HPLCwith isocraticelution. Thismethod
has been used successfullyfor the determination of
plasmalevels of theophylline and its metabolitesin
patientswith bronchial asthmawho were treatedwith
theophylline. The clinical significanceof the simulta-
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neous determinationof theophylline and theophylline
metaboliteds discussed.

EXPERIMENTAL

Reagents. The reagentsusedwere: theophylline,1,3-dimethyl-
uric acid, 3-methylxanthine 1-methylxanthine1l-methyluricacid,

caffeine,paraxanthinetheobromine1,7-dimethyluricacid, 1,3,7-
trimethyluric acid and S-hydroxyethyltheophylline(Sigma Co.

Ltd., St. Louis, MO, USA); L-tryptophan(Wako Pure Chemicals
Co. Ltd., Osaka,Japan);and acetonitrileand methanolfor HPLC

(Wako PureChemicalsCo.).

High performance liquid chromatography. The HPLC
apparatusonsistedf the following componentsa LC-5A pump
(ShimadzuLtd., Kyoto, Japan),a KHP-U1-130Asampleinjector
(Kyowa Seimitsu, Tokyo, Japan),a New Guard TM pre-column
(15 x 3.2mmi.d., 7 um. TosohCo., Tokyo, Japan)a TSK ODS-
80TM reversed-phaseolumn (250 x 4.6mm i.d., 5pum. Tosoh
Co.,), a L-4200 ultraviolet absorption detector (Hitachi Ltd.,
Tokyo, Japan).and a ChromatopadcC-R2AX integrator(Shimad-
Zu).

Three-hundrednicrolitres of acetonitrile,containing0.3ug of
p-hydroxyethyltheophyllin@saninternalstandardwereaddedto
100pL of plasmasample After vigorousmixing, the samplewas
centrifugedat5 000 x g for 5 min, and300uL of supernatantvas
transferrednto anewtubeandevaporatedo drynessat40°C. The
residuewas dissolvedin 30uL of mobile phaseand5 uL of the
solution was injected onto the HPLC column. The mobile phase

Biomed.Chromatogr.13: 15-23(1999)
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was a mixture of 20mm sodium acetatebuffer, acetonitrileand
methanol ThepH of thesodiumacetatebuffer andthe percentages
of the organicsolventswere optimizedfor the HPLC separation.
The flow-rate of the mobile phasewas1.0mL/min andthe HPLC
column was operatedat room temperature.The eluate was
monitored at 275nm. Plasma levels of theophylline and its
metaboliteswere calculatedfrom the ratio of their peak-heights
relativeto the internal standardusingthe calibrationcurve.

Fluorescence polarization immunoassay (FPIA). To confirm
the plasmatheophylline levels determinedby HPLC, approxi-
mately50 uL of the plasmasamplesvereappliedto anautomatic
FPIA apparatusTDx” (AbbottCo.Ltd., TX, USA), whichutilizes
a fluorescein-labeledtheophylline tracer and an antibody to
theophylline.

Blood samples from inpatients. Thirty-two blood samples
were collected over a period of time from four patientswith
bronchial asthmawho were treatedwith theophylline.Informed
consentvasgivenin all cases.

PatientA. A 60-year-oldfemaleweighing49kg. A slow-release
200mg theophyllinetablet (Theodurtablet, Nikken Kagaku Co.
Ltd., Tokyo, Japan)was administeredorally threetimes daily at
8:00am,15:00pmand20:00pm until thedaybeforethestudy.On
the day of the study,aninitial blood samplewascollectedat 8:00
am and then 375mg of aminophylline (theophylline ethylenedi-
amine; Neophyllin injection, Eisai Co. Ltd., Tokyo, Japan)was
infused intravenouslyover a period of 3h. Blood was again
collected30min, 1 h, 2h, 3h, 4h and 6 h after the start of the
infusion.

Patient B. A 55-year-old male weighing 50kg. A 200mg
Theodurtabletwasadministeredrally four timesdaily at8:00am,
13:00pm, 18:00pm and22:00pm until the day beforethe study.
On the day of the study,aninitial blood samplewas collectedat
8:00am and 250mg of aminophylline was then infused intra-
venouslyoveraperiodof 3 h. Bloodwascollected30min, 1 h, 2 h,
3 h and4 h after the startof the infusion.

Patient C. A 49-year-oldfemale weighing 63 kg. A 200mg
Theodurtabletwas administeredorally threetimes daily at 8:00
am,15:00pm and20:00pm until the day beforethe study.Onthe
day of the study,aninitial blood samplewascollectedat 8:00am
and a 200mg Theodurtablet was then administered Blood was
collected30min, 1 h, 2h, 3h and4 h later.

In thesethree inpatients,bronchial asthmaattackswere pre-
ventedby the administrationof theophyllineand no side-effects
wereobserved.

PatientD. A 14-year-oldfemaleweighing57 kg. Becauseof a
bronchial asthmaattack, 170mg of aminophyllinewas injected
intravenouslyfollowed by the constantinfusion of aminophylline
at a rate of 0.8mg/kg/h. After infusion for 10h, the patientcom-
plainedof nauseaAs the plasmalevel of theophyllinedetermined
by FPIA was found to be as high as 35ug/mL at this time, the
infusion was stoppedand blood sampleswere collectedO h, 3 h,
6 h,9h,13hand27h later. After checkingthatthe plasmaevel of
theophyllinehad fallen to 10pug/mL by FPIA, a 150mg amino-
phylline granule(Neophyllin, Eisai Co.) wasadministerecbrally.
Blood was collected30min, 1 h, 2h, 3h, 4h, 5h, 7h and24h
later.

Thesefour patientshad not beengiven any other medication
known to affect theophylline clearance(Kawakatsuand Kawai,
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1988),andhadno clinical or biochemicalevidenceof liver disease
or renalfailure.

Blood samples from outpatients. Sixty-sevenblood samples
were collectedfrom outpatientswith bronchialasthma(40 males
and 27 females,aged6—-80 years)who were being treatedwith
theophylline.Informedconsentvasgiven by the patients Among
these patients, 17 were being treated with oral rapid-release
preparation®f theophyllinefaminophylline(Neophyllingranules)
or cholinetheophylline(cholinetheophyllinate;Theocolintablets,
Eisai Co.)]. The doseof aminophyllinewas 6—12mg/kg/dayfor
children and 300mg/day for adults, and the dose of choline
theophyllinewas400—-600mg/dayfor adults.The other50 patients
were treatedwith oral slow-releasepreparationof theophylline
(TheolonggranulesEisaiCo.,or Theodurtablets Nikken Kagaku
Co.). The doseof theophyllinewas 13—17mg/kg/dayfor children
and400-600mg/dayfor adults.

Sincethebloodfrom thesepatientsvascollectedatthehospital,
thetime of collectionafterthetheophyllinedosewasindeterminate
for the 67 patients. These patients had not been given any
medicationknown to affect theophylline clearance(Kawakatsu
andKawai, 1988).

Control blood samples before and after caffeine intake. To
checkwhethercaffeine and caffeine metaboliteswould interfere
with the chromatograma healthyvolunteerrefrainedfrom taking
any caffeine-containindbeveragedor 3 daysandblood wasthen
sampledmmediatelybeforeandaftertakinga caffeine-containing
beverage.

All blood sampleswere collectedinto tubescontaining2 mg
EDTA2Naasananticoagulanandwere centrifugedimmediately.
The plasmawasstoredat —20°C until analysis.

RESULTS
Optimization of HPLC

Initial studieson the optimum conditionsfor the separa-
tion of theophylline caffeineandthe metaboliteof these
two compoundn a reversed-phaseolumnwere done
using a mixture of 20mmM sodium acetate buffer at
different pHs and acetonitrile (10:1, v/v) as a mobile
phaseAt pH 4.0, insufficientseparatiorof 1-methyluric
acid from 3-methylxanthinewas achievedwhile at pH
5.2, 1-methyluric acid was not separatedrom plasma
componentsAt pH 4.8, 1-methyluricacid wasseparated
from both 3-methylxanthineandplasmacomponentdut
theophyllinecould not be separatedrom paraxanthine.

The effect of addingdifferent organicsolventsto the
mobile phasewasalsoinvestigatecandit wasfoundthat
the addition of methanolto the mobile phaseimproved
theseparatiorof theophyllineandparaxanthineT hefinal
compositionof the mobile phasewas 20mm sodium
acetate buffer (pH 4.8), acetonitrile and methanol
(900:35:65,v/v). Under theseconditions,theophylline,
caffeineand the various metabolitesof thesetwo com-
poundswerewell separatedrom eachother (Fig. 2).

As shownin Fig. 3 nointerferingpeakswvereobserved
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Figure 2. Chromatogram of theophylline, caffeine, their metabolites and L-tryptophan standards from reversed-phase HPLC.
Peaks: (1) 1-methyluric acid; (2) 3-methylxanthine; (3) 1-methylxanthine; (4) 1,3-dimethyluric acid; (5) L-tryptophan; (6)
theobromine; (7) 1,7-dimethyluric acid, (8) paraxanthine; (9) theophylline; (10) 1,3,7-trimethyluric acid; (11) caffeine, and (1.S.)
B-hydroxyethyltheophylline. The amount of each standard loaded onto the HPLC column was 50 ng.

with the sameretention times as the analyteson the caffeine-containingbeverages.However, after taking
chromatogramof the plasmasample taken from the caffeine-containingbeveragesadditional peaks corre-
healthy volunteer who had not taken theophylline or spondingto caffeine and its metabolitesalso appeared
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Figure 3. Chromatogram of a plasma sample from a healthy volunteer after refraining from taking caffeine-containing
beverages for 3 days. Peaks: (5) L-tryptophan, (I.S.) f-hydroxyethyltheophylline.
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Figure 4. Chromatogram of a plasma sample from the same healthy volunteer as in Fig. 3 but after taking caffeine-containing
beverages. Peaks: (5) L-tryptophan; (6) theobromine; (8) paraxanthine; (9) theophylline; (11) caffeine; and (1.S.) B-hydroxy-
ethyltheophylline.

(Fig. 4). The chromatogramof a plasmasampletaken 5). A large peakwith a retentiontime of 16 min did not
from the patient given theophylline who also took correlatewith theophyllineand was presumedfrom its
caffeine-contaiing beverageshowssatisfactorysepara- retentiontime, to be L-tryptophan.The concentratiorof

tion of theophylline,caffeineandtheir metabolitegFig. the compoundn the peakwhich waspresumedo beL-
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Figure 5. Chromatogram of a plasma sample from the patient with bronchial asthma undergoing theophylline therapy who
took caffeine-containing beverages. Peaks: (1) 1-methyluric acid; (2) 3-methylxanthine; (3) 1-methylxanthine; (4) 1,3-
dimethyluric acid; (5) L-tryptophan; (6) theobromine; (8) paraxanthine; (9) theophylline; (11) caffeine; and (I.S.) B-hydroxy-
ethyltheophylline.
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Table 1. Within-run reproducibility and day-to-day precision of HPLC analysis

Within-run (n=8)

Day-to-dayPrecision(n = 8)

Level (ng/mL)

Level (ng/mL)

(mean+ SD) CV (%) (mean+ SD) CV (%)
Theophylline 17.283+ 0.194 1.12 12.038+ 0.180 1.50
1-Methyluric acid 0.559+ 0.025 4.56 0.597+ 0.022 3.60
3-Methylxanthine 0.709+ 0.005 0.73 0.297+ 0.010 3.32
1,3-Dimethyluricacid 0.920+ 0.019 2.06 0.602+ 0.018 2.99
30 -
tryptophanrangedfrom 6.0-17.2ug/mL (mean9.6ug/
mL), which was consistentwith the normal plasmal.-
tryptophan levels found in Japanese subjects 25 1
(10.04 2.7ug/mL) (Saitoand Muto, 1987). =
The calibration curves for theophylline and its Eoo
metabolitesdisplayed good linearity in the range of ;i"
0.3-30ug/mL for theophylline(r =1.0000),and in the -
rangeof 0.3-2ug/mL for the metabolites(r = 0.9994— B 15
1.0000). =
The recoveriesof theophyllineandits metabolitesby 2
HPLC relative to the internal standardwere checkedby o 10 -
addingstandardso plasmafrom the healthyvolunteerat & y=1.006x-0.103
a concentrationof 10.0pg/mL for theophylline and T r=0.997
1.0pg/mL for the metabolites. The results were 5 n=65
94.8+ 1.2% [mean+ standarddeviation (SD), n=5]
for theophylline, 99.8+ 0.8% for 3-methylxanthine,
95.6+ 0.6% for 1,3-dimethyluricacid and 79.4+ 2.4% 0 5 1'0 1'5 2'0 2'5 :;0

for 1-methyluricacid. Thesepercentageecoveriesvere
usedto correctthe plasmalevels.

The within-run reproducibility was checkedby the
successiveleterminatiorof levelsin eightaliquotstaken
from the sameindividual plasmasample The coefficient
of variation(CV) for theophyllineandits metabolitesvas
lessthan5%. Theday-to-dayprecisionof themethodwas
determinedby measuringthe levels in the samepre-
treatedsampleon eightdifferentdays.The CV for theo-
phylline andits metabolitesvaslessthan4% (Table 1).

Correlation of plasma theophylline levels ob-
tained by HPLC and FPIA

Figure 6 shows good correlation betweenthe plasma
theophyllinelevelsdeterminecoy HPLC andFPIA. The
regressionequation determinedby the least squared
method was y=1.006< — 0.103 (y=HPLC, x=FPIA)
and the correlation coefficientr was 0.997 (p < 0.001)
(n=65). The paired t-test revealed no significant
differences between the two sets of determinations
obtainedby thesemethodg(p < 0.05).

Clinical application of the HPLC method

Time-course analysis in inpatients. The plasmalevels

CopyrightO 1999JohnWiley & Sons,Ltd.

FPIA method (ug/ml)

Figure 6. Correlation between plasma theophylline levels
obtained by HPLC and FPIA.

of theophyllineand its metaboliteswere determinedin
blood samplesvhich wereobtainedfrom patientsA and
B treatedwith aminophyllineinfusion, patientC treated
orally with a slow-releaseheophyllinetabletandpatient
D treated with infusion on the first day and oral
administrationof aminophyllineon the secondday. As
shown in Figs 7-10, the plasmalevels of 3-methyl-
xanthineandl1-methyluricacidwerefairly constanin all
four patientsand did not showtime-dependentariance
during the observedperiod, suggestinghe presenceof
saturated metabolic pathways. However, the plasma
levelsof 1,3-dimethyluricacid andtheophyllinechanged
in similar time-dependentpatterns. The ratio of the
plasmalevel of 1,3-dimethylurc acid to theophylline
(DMU/TP ratio) was0.051+ 0.007 (meant SD, n=6)
for patientA, 0.0634+ 0.011 (n=6) for patientB and
0.047+ 0.002(n = 6) for patientC, while in patientD it
wasaslow as0.027+ 0.005(n =13). The plasmahalf-
life of theophyllinein patientD wascalculatedo be 16 h
by the non-linearleastsquarefitting.

Biomed.Chromatogr.13: 15-23(1999)



HPLC determinatiorof theophylline
—@— Theophylline
Q- 1,3-Dimethyluric acid

1.0 ----k--- 1-Methyluric acid - 20

-—-fx--- 3-Methylxanthine

Plasma metabolite levels (ug/m1i)
Plasma theophylline level (ug/ml)

T T T T T T T 0
0 1 2 3 4 5 6

Time after administration (hr)

Figure 7. Time-course analysis of plasma levels of theophyl-
line and its metabolites in patient A given aminophylline
infusion treatment.

Plasma levels of theophylline and its metabolites in
outpatients. The plasmadevelsof theophyllinein the 67
outpatientswere 0—21.761ug/mL as determinedby our
HPLC method.In threeoutpatientsno theophyllinewas

—&— Theophylline
Q- 1,3-Dimethyluric acid

----[}--- 1-Dethyluric acid
1.0 - 20

---/--- 3-Methylxanthine

Plasma metabolite levels (ug/m1)
Plasma theophylline level (ug/m1)

T T T T T T T T T 0

0 1 2 3 4

Time after administration (hr)
Figure 8. Time-course analysis of plasma levels of theophyl-
line and its metabolites in patient B given aminophylline
infusion treatment.
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Figure 9. Time-course analysis of plasma levels of theophyl-
line and its metabolites in patient C given oral slow-release
theophylline tablets.

detectedandin anotherpatientonly a very low level of
theophylline (0.24pug/mL) was detectedin spite of the
prescriptionof a slow-releasepreparationof the drug.
Consultationwith their doctor revealedthat theseout-
patientshadnot takenthe medicineasrequested.

The plasmalevels of 1,3-dimethyluricacid were 0—
1.021ug/mL. As shownin Fig. 11, therewas a strong
correlationbetweerthe plasmalevel of 1,3-dimethyluric
acid and that of theophylline, correlation coefficient
r =0.960 (p < 0.001) for 17 outpatientswho were ad-
ministeredwith rapid-releasepreparationsof theophyl-
line. A similar resultwasalsoseenfor the 50 outpatients
who were administeredslow-releasepreparationsof
theophylliney =0.949(p < 0.001).DMU/TP ratioswere
calculatedas 0.0564 0.009 (n=17) for the outpatients
administered with rapid-release preparations and
0.0544+ 0.011 (n=50) for the outpatientswith slow-
releasegreparationsywhich agreedvell with theratiosfor
patientsA, B and C. The overall DMU/TP ratio was
0.055+ 0.010(n=66) including the 63 outpatientsand
the threeinpatientsbut omitting patientD.

The chromatograms$or almostall outpatientsshowed
peakscorrespondingo caffeineandits metabolitesput
therewasno correlationbetweerthe peak-heightindthe
plasmatheophyllinelevel.

DISCUSSION

The HPLC methoddevelopedn this studywas capable
of separatingtheophylline, caffeine, and their various

Biomed.Chromatogr.13: 15-23(1999)
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Figure 10. Time-course analysis of plasma levels of theophylline and its metabolites in patient D after stopping aminophylline

infusion (No. 1-6) and starting oral aminophylline (No. 7-13).

metabolitesfrom eachotherby a simpleprocedureand,

hencejt wasnot necessaryo banthe intakeof caffeine-
containing beverages. Furthermore, the quantitative
precisionof the whole procedurewas excellent(Table

1). The methodwas validatedfor theophyllinedetermi-

nations by its good correlation with FPIA, which is

conventionallyregardedas a highly reliable technique
(Kawakatsu and Chikuma, 1985). Thus, the present
methodshould be fully applicableto the simultaneous
assay of theophylline and its metabolitesin routine

therapeutiadrug monitoring.

Time-courseanalysisof plasmasamplesfrom inpa-
tients with bronchialasthmarevealedthat the levels of
theophyllineand its major metabolite,1,3-dimethyluric
acid,changedn parallelwith eachother,while the other
metabolites3-methylxanthmeandl-methyluricacid,did
not change as much, regardlessof way in which
theophyllinewas administered A high correlationwas
alsoobservedetweerthe level of theophyllineandthat
of 1,3-dimethyluricacid in the outpatientsand this was
not dependenbn the form of theophyllinegiven (Fig.
11).

The metabolic pathwayof theophyllineis known to
have several saturable steps. The maximal rate of
formation of metabolites(Viay and the concentration
of theophyllineat which metaboliteformationrateis half
of Vmax (Km), were reportedto be 4.9mg/h and2.0ug/
mL, respectively,for 3-methylxanthine13.1mg/h and
9.3pug/mL for 1-methyluric acid, and 34.2mg/h and
14.2pg/mL, respectively, for 1,3-dimethyluric acid
(Tang-Liu et al., 1982b). Therefore,in the range of
effective plasmatheophyllinelevels (10—-20ug/mL), the

CopyrightO 1999JohnWiley & Sons,Ltd.
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Figure 11. Correlation between plasma theophylline and
plasma 1,3-dimethyluric acid levels in patients given rapid-
release preparat|ons (@) and slow-release preparatlons (O).
——: @'s regression line (r=0.960, n=17) ------- O's
regressmn line (r=0.949, n=50).

former two stepsare almostsaturatedwhile the latter
step hasthe largestcapacityand is still in a range of
concentration-dependeffibrmation. This seemsto ex-
plainthephenomenaeenin thetime-courseanalysisand
may also be true for the high correlation betweenthe

Biomed.Chromatogr.13: 15-23(1999)



HPLC determinatiorof theophylline

plasmalevels of theophyllineand 1,3-dimethyluricacid
observechmongthe outpatientqFig. 11).

Since 1,3-dimethyluricacid is the major metabolite
andits formationdepend®n theophyllineconcentration,
the DMU/TP ratio would be a good indicator for the
metabolicclearanceof theophylline.The DMU/TP ratio
was almost constantat 0.055+ 0.01 for all patients
except for patient D, regardlessof the dose form of
theophyllineand the blood samplingtime. This ratio is
close to the ratios calculatedfor theophylline and its
metabolitesby Naline et al. (1987) (0.054,n=12), by
Beckmannretal. (1987)(0.055,n=5) andby Hurwitz et
al. (1991) (0.060, n=8), suggestingthat there is no
differencein theophyllinemetabolismbetweendifferent
races.

For patient D, the DMU/TP ratio was as low as
0.027+ 0.005 and the half-life of theophyllinewas as
long as 16h. The half-life of theophylline generally
varies accordingto the age of the patient; 30h for
neonates4.4h for 3 month—1-year-olds3—4h for 1-16-
year-olds,6.6h for 17-50-year-oldsand 8.0h for over
50-year-old{KawakatstandKawai, 1988).Considering
thatpatientD wasonly 14-years-olda half-life of 16 his
very long. Since 1,3-dimethyluric acid is a major
metaboliteof theophylline,the low DMU/TP ratio seen
in patientD may reflect the slow metabolismof theo-
phyllineto 1,3-dimethyluricacid. In thereportof Kodera
etal. (1985),for the patientwhosetheophyllinehalf-life
wasasshortas3.2h, theplasmdevelof 1,3-dimethyluric
acidwasvery highrelativeto thatof theophylline(DMU/
TP ratio=0.117). Thesefacts strongly supportthe idea
that there might be a close relationship betweenthe
DMU/TP ratio andthe half-life of theophylline Thus,the
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singledeterminatiorof the plasmaDMU/TP ratio by the
presenHPLC methodmaypredictthe plasmahalf-life of

theophylline.Furtherwork on alargervariety of patients
is requiredto confirmthis.
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