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Abstract A simple assay method for theophylline in
plasma using thin layer chromatography (TLC) was devel-
oped. The method involves extraction of the drug and
internal standard (acetaminophen) by chloroform-isopro-
panol (75:25) followed by separation on TLC silica plates
using a mixture of acetic acid, isopropanol, toluene (1: 12:
6), as the eluting solvent. Both peak height ratios and peak
are ratios showed high correlation coefficient (r>0.98,
p<0.001). However we used peak heights for the determi-
nations. Within-day and between-day coefficients of varia-
tion were less than 4.4% and 7.8% respectively. The assay
proved inexpensive, accurate and reproducible with a limit
of detection of 100ng/ml that makes it suitable for bio-
availibility studies.  

INTRODUCTION

Theophylline is a mehtylxantine derivative proven efficacy
as bronchodilator in asthma (1).

For determination of theophylline in biological fluids
many methods such as UV (2), HPLC (3-5), HPTLC (6),
GC (7), GC-MS (8), Fluorescence Immunoassay, Fluores-
cence Polarized Immunoassay, EMIT, Radio Immunoassay
(9-12), capillary electrophoresis (13, 14) and reflectance
photometry assay (15) are reported. Most of these meth-
ods are insensitive to concentrations obtained after single
dose administration of this drug or otherwise time con-
suming and/or expensive. We therefore developed a sensi-

tive, inexpensive, easy to handle and reliable normal-phase
TLC method for quantification of this drug in human
plasma. The results indicate the suitability of this method
in bioavailability studies. 

MATERIALS AND METHODS

Chemicals

Theophylline standard was supplied by Daroupakhsh
pharmaceutical company (Tehran, Iran). Methanol was of
HPLC grade (Riedel-de Haen). Other chemicals were of
analytical grade and were supplied by Merck (Germany).

Apparatus and Chromatographic Conditions

Samples were spotted on pre-coated TLC plates (silica gel
60 F254, 10x20cm, 0.25mm layer thickness, Merck).
Mobile phase consisted of acetic acid, isopropanol, and
toluene (1: 12: 6).  A Camag Linomat IV (Switzerland) was
used for spotting the plates. The sample volume was
50mL, which was spotted with a speed of 10ml/sec on a
band of 4mm width. A Camag TLC Scanner II (Switzer-
land) equipped with a deuterium lamp set at 277nm in the
reflection mode was used for scanning the plates. The
peak heights and areas of chromatograms were deter-
mined using Camag version 3.11 software. 

Preparation of Standard Solutions

A stock solution containing 10mg/ml theophylline or ace-
taminophen was prepared in methanol. The working stan-
dard solutions were prepared by diluting 1.0 mL stock
solution up to 10ml water resulting in a final concentration
of 1 mg/ml. These working solutions were then used for
making spiked plasma samples.
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Sample Preparation

To 2mL of the plasma sample in a stoppered tube was
added 20 µL Acetaminophen (1mg/ml) as internal stan-
dard and 1mL saturated ammonium sulfate. The sample
was then extracted using 5ml chloroform-isopropanol
(75:25) after being vortex mixed. The tube was shaked for
10 minutes on a rotary mixer (Ikawerk, Germany) and cen-
trifuged for 10 min at a speed of 8000 rev min-1 (Demred,
Iran). The organic phase was then separated and evapo-
rated to dryness under gentle stream of nitrogen. The dry
residue was re-dissolved in 0.2 ml methanol, which was
then spotted on TLC plates. All separations were carried
out at room temperature.

RESULTS

The chromatograms obtained from blank plasma (a);
plasma spiked theophylline and acetaminophen (b) and
plasma of a volunteer 6h after taking a 200mg dose of
Theophylline SR (TheoDur 200mg) are shown in Figure 1.

Figure 1: Plasma chromatograms of blank plasma (A),
plasma spiked with 5000 ng/mL theophylline (B) and
plasma of a healthy subject collected 6h after taking a
200-mg single oral dose of TheoDur (C); [a, Theophylline
b, Acetaminophen (internal standard)]

Theophylline metabolites had no interference with chro-
matograms. More than 30 blank samples were analyzed at
different times, which showed no interference of endoge-
nous substances with the method. The Rf values for theo-
phylline and acetaminophen were 0.70 and 0.85

respectively. The migration time was 60 minutes and
migration distance was 11 centimeters. Mean plasma con-
centration-time profile of 12 healthy overnight fasting sub-
jects after taking a 200-mg single oral dose of theophylline
is provided in Figure 2. The subjects were sampled before
and at 1, 2, 3, 4, 6, 8, 10, 12, 24, 48 hours after drug admin-
istration. The curve fitted to the mean points using Drug-
Knt (16). The highest theophylline plasma concentrations
of the subjects were found to be about 650 ng/mL in our
study.

Figure 2: Plasma profile of theophylline in healthy
subjects taking single oral dose of TheoDur 200mg
(Mean of 12 subjects).

Calibration curves

The linearity of plasma calibration curves were studied at
the concentration of 500-10,000ng/mL based upon ratio
of peak areas and peak heights (theophylline/acetami-
nophen). The suitability of peak height ratios and peak
area ratios were also studied. Calibration curve based on
peak height ratios (correlation coefficient (r) =0.993,
p<0.001) was quite comparable to the one resulting from
peak area ratios (correlation coefficient (r) =0.988,
p<0.001). i.e. Each standard curve showed good linearity
over the range of concentrations examined (Figure 3.).

Figure 3: Calibration curve of theophylline in plasma.
(Mean ± SD)

However we used peak height ratios for determination of
plasma samples and suitability tests of the method.
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Limit of Detection & Quantitation

The limit of detection with considering signal to noise
ratio of 2 was 100ng/mL (considering area or height ratio
of peaks). Limit of quantitation was about 200ng/mL.

Reproducibility and Accuracy and Recovery

Within-day and between-day assay coefficients of variation
and accuracy test results are summarized in Table-1.
Within-day and between-day coefficients of variation were
less than 4.4% and 7.8% respectively. Bias of the assays
was between –6.1 and 8.6. Efficiency of the extraction pro-
cedure was about 85% for theophylline.

Table 1: Analysis validation of theophylline assay in 
plasma

DISCUSSION

A number of assay methods have been developed for
quantification of theophylline in biological fluids, but
many of them suffer from time consuming (2) and/or
expensive assay procedures (6,8). Several automated ana-
lytical systems have also been developed for therapeutic
drug monitoring (TDM) which mostly lack sufficient
detection for single dose analyses and because of the need
to special instrumentation are uneconomical for bioavail-
ability laboratories (10,12,15,17-19).

As this method concentrates the samples in sample prepa-
ration (x10) its detection limit is very low and as more than
10 samples are analyzed in one run –i.e., it is relatively fast-
, this method turns to be inexpensive and suitable for bio-
availability studies.

In summary, we have reported an analytical method for the
determination of theophylline, which is to be suitable for
human bioavailability studies and possesses important
advantages, notably speed, inexpense and easy handling,
over currently published methods.
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