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SUMMARY

Several authors have recently reported interference in theophylline analysis by para-
xanthine (1,7-dimethylxanthine), an important metabolite of caffeine. A method for the
determination of theophylline in plasma is described, eliminating caffeine and related com-
pounds by means of straight-phase high-performance liquid chromatography. The resulting
procedure is sufficiently rapid, accurate and sensitive to be applied in routine monitoring
of therapeutic levels in patients as well as for pharmacokinetic purposes. Although only
0.1 ml of sample is required, concentrations as low as 0.2 mg/l can be measured with accept-
able precision. A brief comparative evaluation of this procedure with a radioimmunoassay is
made.

INTRODUCTION

Theophylline and its derivatives are frequently used for treatment of acute
and chronic bronchial asthma and apnea of the newborn. The low therapeutic
index of the drug and the poor relationship between dosage regimens and
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plasma concentrations have in several cases caused severe intoxication, some-
times resulting in fatal accidents [1]. However, the significant correlation
between plasma levels and clinical response allows, by careful monitoring of
plasma drug concentrations, an adequate, individualized dosage schedule to
be arranged [2].

A great variety of techniques for theophylline determination in biological
fluids has been published, ranging from spectrophotometry [3.4], fluorimetry
[5], gas chromatography [6—8] and thin-layer chromatography [9,10] to
more recent methods such as radicoimmunoassay [11]}, EMIT [12] and iso-
tachophoresis [13].

Several publications emphasize the advantages of high-performance liquid
chromatography (HPLC) with respect to sensitivity, specificity and the possibil-
ity of using microsamples. Most HPLC techniques for the determination of
theophyliine and related compounds differ from each other in sample prepara-
tion or in the chromatographic system used. The biological sample can be in-
jected directly into the chromatograph [14,15], or after elimination of proteins
by trichloroacetic acid [16], by solvent denaturation [17—21] or by molecular
filtration [22]. These methods often involve expensive material, large sample
volumes, or special care to maintain the characteristics of the analytical system.

Sample extraction prior to injection [23—31] offers, by optimising the pH
and extracting solvent, the advantage of a higher specificity while evaporation
and dissolution of the residue in a minimal amount of a suitable solvent adds to
the sensitivity of the procedure. Most analyses are developed on bonded octa-
decyl reversed-phase systems with aqueous eluents containing acetate or phos-
phate salts to obtain a pH varying between 3.5 and 7 [18—27]. Good separa-
tion is also achieved on ion-exchange materials [15,28] or straight-phase sys-
tems [29,30].

Numerous workers have succeeded in eliminating interferences caused by
compounds related to theophylline, originating from dietary or metabolic
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sources. Nevertheless, the potential interference of paraxanthine (1,7-dimethyl-
xanthine), an important metabolite of caffeine (Fig. 1), has been mostly over-
looked or underestimated [32]. Observed by Thompson in 1974 [33], by Sved
in 1976 [34] and identified mass spectrometrically by Midha [35], paraxan-
thine has a similar UV absorption and a retention time identical to that of
theophylline in most reversed-phase systems. This often results in misleading
elevations of serum theophylline values up to 3 mg/l. Assuming a therapeutic
range of 5—20 mg/l theophylline serum concentration, the deviation from the
true value can consequently reach 50% or more. Only a few investigators have
proposed a suitable chromatographic procedure [36—41] to solve this problem.

In our laboratory we have developed a fairly rapid HPLC method using a
straight-phase isocratic system on which the above-mentioned dimethylxan-
thines can be distinguished. Although only 100 ul of plasma is required, the
limit of detection is as low as 0.2 mg/1 with acceptable precision.

MATERIALS AND METHODS

Reagents

Chloroform was obtained from Riedel-De Haén (Seelze, Hannover, G.F.R.);
formic acid was from Noury-Baker (Deventer, The Netherlands); theophylline
was from Serva Feinbiochemica (Heidelberg, G.F.R.); 3-isobutyl-1-methyl-
xanthine from Aldrich-Europe (Beerse, Belgium); 1,7-dimethylxanthine and
theobromine from Sigma (St. Louis, MO, U.S.A.); and caffeine was from Knoll
(Ludwigshafen, G.F.R.). Dioxane, 2-propanol and ammeoecnium sulphate were
purchased from E. Merck (Darmstadt, G.F.R.). All reagents were used as re-
ceived.

Apparatus

HPLC analyses were carried out with a Waters Assoc. Model 6000 chromato-
graphy pump in conjunction with a U6K injector (Waters Assoc., Milford, MA,
U.S.A.) and an LC—UV variable-wavelength absorbance detector (Pye Unicam,
Cambridge, Great Britain). An SP 4000 Chromatography Data System con-
nected with an SP 4050 printer/plotter (Specira Physics, Santa Clara, CA,
U.S.A.) was used for quantitation of the results.

Chromatographic conditions

A 10 cm X 2.8 mm I.D. stainlesssteel column (RSL, Eke, Belgium) was
slurry-packed in a carbon tetrachloride—methano! mixture (70:30, v/v) with
silica gel (RSil 5 um; RSL). The siurry was compressed with light petroleum
(b.p. 40—60°C) at 315 bar by means of an air-driven fluid pump (Haskel,
Burbank, CA, U.S.A.). The solvent system consisted of chloroform—dioxane—
formic acid (95.5:4.5:0.01, v/v), degassed in an ultrasonic bath and kept
capped and stirred while in use. The flow-rate was 1.4 ml/min, correspond-
ing to a pressure of 84 bar at the head of the column. All chromatograms
were run at ambient temperature. The ecluent was monitored continuous-
ly at 273 nm with a detector sensitivity setting of 0.04 a.u.fs.
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Extraction procedure

Equal volumes (100 ul) of plasma, saturated ammonium sulphate solution
and internal standard solution {3-isobutyl-l1-methylxanthine, 25 mg/l) are
pipetted into a 18 X 100 mm polypropylene centrifuge tube and extracted by
vortexing for 20 sec with 10 ml of a chloroform—2-propanol mixture (95:5,
v/v). Following centrifugation (5 min at 800 g RCF"), the upper aqueous layer
is removed by aspiration and 8 ml of the organic layer are transferred to a
conical glass test-tube and evaporated to dryness at 60°C under a stream of
dry nitrogen. The residue is stored at low temperature until analysis. After
reconstitution in 50 ul of the mobile phase, 20 ul are injected into the chro-
matograph.

Preparation of standard curves

A 100-ul volume of a 4 mg/ml theophylline solution in 0.01 N hydrochloric
acid was added to 19.9 ml of drug-free pooled blood-bank plasma, resulting
in a stock solution of 20 mg/l. Theophylline concentrations ranging from 0.2—
20 mg/l were prepared by- further diluting with plasma. After incubation at
37°C for 14 h, all standards were extracted and analysed in duplicate by the
described procedure.

Peak area drugfinternal standard ratioc was plotted against concentration
and a straightdine fit of the data was made by linear regression analysis.

RESULTS AND DISCUSSION

Fig. 2 shows typical chromatograms of serum samples collected before and
after theophylline administration to a patient not withdrawn from caffeine-
containing beverages. All constituents eluted in the order of increasing polarity,
the retention times of the internal standard and theophylline being 4 and 8
min, respectively. The flow-rate and the percentage of dioxane in the mobile
phase were dictated by a compromise between baseline resolution and chroma-
‘tographic analysis time.

With the exception of one case, in which the nature of the interfering com-
pound could not be elucidated, no drugs or naturally occurring endogenous
substances interfered during the 5-month period in which we analysed a large
number of samples collected from numerous patients. Considering the poten-
tial interference of theophylline metabolites, we used 5% 2-propanol in chloro-
form as the extraction solvent, which separated the drug from the methyluric
acids but not from 3-methylxanthine [42]. The latter compocund, however, as
weil as 1-methylxanthine, does not seem to be present in detectable amounts
in plasma [43]. Nevertheless, no chromatographic response was obtained in
vitro, presumably due to retention on the column.

Using the extraction solvent—salt combination [44] good extraction effi-
ciency could be achieved (91.03% for theophyiline and 29.8% for the internal
standard). At a neutral pH, strongly basie and acidic material remains in the
aqueous phase and most lipid and co-extractable material is excluded by the
establishment of a lipid—protein interphase between the organic and the
aqueous layer. Furthermore, the problem of a preliminary pH fluctuation
connected with the use of an acetate buffer [45] is avoided.

*Relative centrifugal force.
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Fig. 2. Typical chromatogram of a blank serum from a non-fasting patient (A) and a serum
sample after administration of theophylline (B). I = injection; EN = endogenous compounds;
CA = caffeine; IS = internal standard; TB = theobromine; TP = theophylline; PA = paraxan-
thine. Retention times (sec) are printed at each peak.

Sensitivity and selectivity were increased by measuring at 273 nm, the
optimum detection wavelength for theophylline. We found 10 ng to be the
detection limit.

Excellent linearity (r = 0.9999) was noted in the relationship peak area drug/
internal standard versus plasma theophylline concentrations ranging from 0.25
to 20 mg/l.

Small fluctuations in solvent strength, changes in adsorbant water content
or ambient temperature variations cause shifting of the peaks. This can serious-
ly affect the accuracy of the method when measuring peak height ratios. There-
fore we preferred tc use an automatic data-processing equipment from which
direct digital read-out of peak areas was obtained.

As illustrated in Table I, systematically repeated calibration was not neces-
sary. Kept in a tightly closed glass container at room temperature, the aqueous
3-isobutyl-1-methylxanthine solution proved to be stable for several months.
Yet standard theophylline solutions_ were run periodically to evaluate the
precision of the assay under routine conditions.
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TABLE I

STATISTICAL EVALUATION OF THREE CALIBRATION CURVES CARRIED OUT AT
1-MONTH INTERVALS

Intercept Slope
Calibration curve 1 0.0008945 0.045249
Calibration curve 2 0.0003188 0.044660
Calibration curve 3 —-0.008156 0.045267

Statistically expected coefficients 0.00012809 0.045059

Variation 0.127 X 10~ 0.192x 1077

An estimation of ““within-run”’ variation was carried out by analysing spiked
plasma samples containing 1 mg/l (C.V. = 2.5%, n = 5), 8 mg/l (C.V. = 2.2%,
n = 5) and 15 mg/t (C.V. = 2.7%, n = 5). The accuracy of the method was
further evaluated by directly comparing the results of 100 theophylline deter-
minations, performed by the described procedure and by a radioimmunologic
assay (RIA) in patient plasma specimens.

All RTA measurements were carried out with a Gammadab ['>°I] Theophyl-
line Radioimmunoassay Kit (Clinical Assays, Travenol Lab., Lessines, Belgium),
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Fig. 3. Correlation of patient plasma readings as determined by the HPLC pracedure and by
RIA.
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TABLE IT

“BETWEEN-RUN” PRECISION (2-MONTH PERIOD): COMPARISON OF THE HPLC
PROCEDURE AND RIA

Procedure Theophylline No. of Mean Siandard Coefficient
plasma conc. samples recovery deviation of variation
{mg/l) (n) (%) (mgl) (%)

HPLC 8.0 16 1010 0.27 3.3

RIA 15.0 b4 '97.3 0.73 5.0

following the directions provided by the supplying company. A calibration
curve was established by linear regression analysis after logit/log fransforma-
tion of the data (r > 0.996), and the final results were automatically calculated
by a programmed desk-top calculator (Hewlett-Packard HP 9810A). As illus-
trated in Fig. 3, good correlation was found between the methods.

Although RIA offers the advantages of speed and specificity, its precision
(Table II) and sensitivity (minimal detectable concentration = 2 mg/l) may be
acceptable in routine monitoring of therapeutic plasma levels, but are hardly
sufficient for pharmacokinetic purposes. Furthermore, the high cost and the
need for consistent reliability of the reagents have to be taken into considera-
tion as compared to the HPLC technique, which, on the other hand, involves
more technician time and investment in rather expensive and complex chroma-
tographic equipment.

CONCLUSIONS

By the HPLC method described in this paper, good separation is achieved
of theophylline and its isomers, resulting in higher accuracy in routine monitor-
ing plasma drug concentrations. Chromatographic conditions remained stable
for a long period of time without special cleaning or maintenance procedures
of the system. The small sample size, coupled with high sensitivity, allows
plasma collection by capillary puncture, making the method attractive for
pediatric and pharmacokinetic investigation where multiple sampling is mostly
required.

ACKNOWLEDGEMENT

The authors wish to thank Mr A. De Waele for his assistance in the statistical
analysis of the data.

REFERENCES

M. Lagas and J_H. Glerum, Pharm. Weekbl., 112 (1977) 97.

L. Hendeles, M. Weinberger and G. Johnson, Clin. Pharmacokinet., 3 (1978) 294.
J.A. Schack and S.H. Waxler, J. Pharmacol. Exp. Ther., 97 (1949) 283.

A.J. Fellenberg and A.C. Pollard, Clin. Chim. Acta, 92 (1979) 267.

d.M. Meola, H.H. Brown and T. Swift, Clin. Chem., 25 (1979) 1835.

V.P. Shah and S. Riegelman, J. Pharm. Sci., 63 (1974) 1283.

A.G. de Boer and D.D. Breimer, Pharm. Weekbl., 112 (1977) 764.

SO0 WN -



35

3€
37
38
39

40

41
42

43
44
45

R.E. Chambers, J. Chromatogr., 171 (1979) 473.

B. Wesley-Hadzija and A.M. Mattocks, J. Chromatogr., 115 (1975) 501.

H. Roseboom, H. Lingeman and G. Wiese, Z. Anal. Chem., 292 (1978) 239.

T. Nishikawa, M. Saito and H. Kubo, Chem. Pharm. Bull., 27 (1979) 893.

H.M.C. Heick, A. Mohammed, C. Golas and EM. Patterson, Clin. Biochem., 12 (1979)
68.

U. Moberg, S.G. Hjalmarsson and T. Mellstrand, J. Chromatogr., 181 (1980) 147.

B.R. Manno, J.E. Manno and B.C. Hilman, J. Anal. Toxicol., 3 (1979) 81.

M. Weinberger and C. Chidsey, Clin. Chem., 21 (1975) 834.

W.J. Jusko and A. Poliszczuk, Amer. J. Hosp. Pharm., 33 (1976) 1193.

0.H. Weddle and W.D. Mason, J. Pharm. Sci., 65 (1976) 865.

J.J. Orcutt, P.P. Kozak, S.A. Gillman and L.H. Cummins, Clin. Chem., 23 (1977) 599.
J.W. Nelson, A.L. Cordry, C.G. Aron and R.A. Bartell, Clin. Chem., 23 (1977) 124.
G.P. Butrimovitz and V.A. Raisys, Clin. Chem., 25 (1979) 1461.

G. Morgant, F. Veinberg, M.L. Bouthenet and P. Aymard, Feuill. Biol., 20 (1979) 117.
L.C. Franconi, G.L. Hawk, B.J. Sandmann and W.G. Haney, Anal. Chem., 48 (1976)
372,

M.A. Peat, T.A. Jennison and D.M. Chinn, J. Anal. Toxicol., 1 (1977) 204.

R.E. Hill, 4. Chromatogr., 135 (1977) 419.

S.J. Soldin and J4.G. Hill, Clin. Biochem., 10 (1977) 74.

C. Gonnet, M. Porthault, C. Bory and P. Baltassat, Analusis, 6 (1978) 406.

P.J. Naish, M. Cooke and R.E. Chambers, J. Chromatogr., 163 (1979) 363.

G.W. Peng, V. Smith, A. Peng and W.L. Chiou, Res. Commun. Chem. Pathol. Pharma-
col., 15 (1976) 341.

D.S. Sitar, KM._ Piafsky, R.E. Rango and R.I Ogilvie, Clin. Chem_, 21 (1975) 1774.
A.G. Maijub and D.T. Stafford, J. Chromatogr. Sci., 14 (1976) 521.

C.V. Manion, D.W. Shoeman and D.L. Azarnoff, J. Chromatogr., 101 (1974) 169.
E.C. Lewis and D.C. Johnson, Clin. Chem., 24 (1978) 1711.

R.D. Thompson, H.T. Nagasawa and J.W. Jenne, J. Lab. Clin. Med., 84 (1974) 584.
S. Sved, R.D. Hossie and LJ. Mc Gilveray, Res. Commun. Chem. Pathol. Pharmacol.,
13 (1976) 185.

K.K. Midha, S. Sved, R.D. Hossieand 1.J. McGilveray, Biomed. Mass Spectrom., 4 (1977)
172.

S. Sved and D.L. Wilson, Res. Commun. Chem. Pathol. Pharmacol., 17 (1977) 319.
M. Danhof, B.M. Loomans and D.D. Breimer, Pharm. Weekbl., 113 (1978) 672.

J.R. Micsic and B. Hodes, J. Chromatogr. Sci., 68 (1979) 1200.

J.H. Jonkman, R. Schoenmaker, J.E. Greving and R.A. de Zeeuw, Pharm. Weekbl.,
115 (1980) 557.

A_A. van den Bemd, M.J. van Gorp and M.C. Verhoof, Pharm. Weekbl., 113 (1978)
424,

H_H. Farrish and W_A. Wargin, Clin. Chem._, 26 (1380) 524.

J.W. Jenne, E. Wyze, F.S. Rood and F.M. MacDonald, Clin. Pharmacol. Ther., 13 (1972)
349.

R.K. Desiraju, E.T. Sugita and R_L. Mayock, J. Chromatogr. Sci., 15 (1977) 563.

H.A. Schwertner, T.M. L-idden and J.E. Wallace, Anal. Chem., 48 (1976) 1875.

J. Zuidema and A.M. IIsselstijn, Pharm. Weekbl., 111 (1976) 1326.



