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1 Introduction

Theophylline is a powerful smooth muscle relaxant frequently
used for acute and chronic bronchial asthma and apnea in prema-
ture infants [1]. Therapeutic concentrations of theophylline are
in the range of 10–20lg/mL in the plasma of adults [2–4], and
toxic signs appear at concentrations higher than 20lg/mL [5–7].

Numerous analytical methods have been reported for the analysis
of theophylline in biological fluids [8–12]. Gas chromatographic
procedures involve either multiple solvent extractions or chemi-
cal derivatization. High-performance liquid chromatography
(HPLC) seems to be the most popular method for the determina-
tion of theophylline in biological samples. Gradient elution can
resolve many interferences but, in general, it is more time-con-
suming than isocratic methods.

In the present study, we demonstrated and validated a sensitive
and selective HPLC method for the quantitative determination of
theophylline in human plasma using an isocratic reverse-phase
system for the separation, with a small sample volume and sim-
ple sample preparation procedure.

2 Materials and Methods

2.1 Chemicals and Reagents

Theophylline anhydrous (analytical grade), acetonitrile (HPLC
grade) and trichloroacetic acid were obtained from BDH (Poole,
UK). Acetaminophen (internal standard) was obtained from
SIGMA (Poole, UK). Demineralized and double-distilled water
was prepared in our laboratory.

2.2 Apparatus and HPLC-conditions

The chromatographic system consisted of a Model 2150 HPLC
pump (Pharmacia, Uppsala, Sweden), Model PU4020 variable
wavelength UV detector (PYE UNICAM, Cambridge, England)
to detect absorbance at 280 nm and Model 7125 injector (Rheo-
dyne, Cotati, CA) with a 20lL loop. A stainless-steel Hibar col-
umn (12564 mm i.d.) prepacked with 5-lm LiChrospher 100
RP-18 (Merck, Darmstadt, Germany) was used. The mobile
phase consisted of acetonitrile/acidified distilled water (pH 4) in
the 10/90 (v/v) ratio. The flow rate was 1 mL/min. Peak-areas
were integrated by a Hewlett-Packard Model 3390A integrator
(Littlefalls, DE). All analyses were performed at room tempera-
ture.

2.3 Sample Preparation

180 lL blank plasma was taken into a microcentrifuge Eppen-
dorf tube and 10lL of the standard solutions of theophylline and
10 lL of the internal standard solution were added obtaining
equivalent plasma concentrations of 0.4, 1, 4, 8, 10, 14, 16, and
20 lg/mL theophylline and 12lg/mL internal standard. Plasma
proteins were precipitated by the addition of 200lL of 10% tri-
chloroacetic acid solution. The mixture was shaken for 30 s (Vor-
tex, Heidolph REAX 2000). The samples were centrifuged at
3000g for 10 min in a microfuge (Sigma 112). The supernatant
was transferred to a microcentrifuge Eppendorf tube and 50lL
was injected directly into the chromatographic system.

2.4 Validation of Analytical Method

2.4.1 Linearity

A standard curve were generated by spiking a series of drug-free
plasma samples with theophylline to produce concentration
ranges of 0.4–20lg/mL. A calibration curve was constructed by
plotting the ratios of peak areas against concentration and ana-
lyzing by linear regression analysis.

2.4.2 Accuracy and Precision

The accuracy (intra-day variation) was determined by analyzing
3 parallels at concentration of 3, 12, and 18lg/mL. Inter-day
variation was determined at each concentration on 3 different
days.

2.4.3 Extraction Efficiency

The recovery of theophylline was determined at concentration of
3, 12, and 18lg/mL. Three replicates of each standard were
extracted by the above mentioned sample preparation and
injected into the HPLC system. Three replicates of each standard
prepared in aqueous solutions were directly injected. The extrac-
tion recovery at each concentration was calculated using the fol-
lowing equation:

Recovery� peakÿ area after extraction
peakÿ area after direct injection
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2.4.4 Stability

In orderto assessthestability of theophylline,freshhumansam-
plesspikedwith a knownamountof theophyllinewerestoredat
–208C andassayedweeklyfor a month.

3 Resultsand Discussion

The resulting chromatogramswere essentially free from endo-
genousinterferencesbecausethe human plasma was derived
from volunteerswho had abstainedfrom xanthine-containing
foods and beveragesfor at least48 h (Figure 1). The retention
times of internal standardand theophyllinewere 3.37min and
4.85min respectively.

The linearity of thecalibrationcurvewasdeterminedby plotting
the drug concentrationagainst ratio of drug/internal standard
peakarea.The regressionequationfor the calibrationcurvewas
y = 0.12x + 0.00 andthe correlationcoefficient (R2) wascalcu-
lated to be 1.0. The limit of quantitationusing the prescribed
experimentalconditionswasfoundto be0.4lg/mL.

The precision of the assay proceduredescribed for human
plasmawasassessedby calculatingtheintra- andinter-dayvaria-
tion for each concentration(Table1). All intra-and-inter-day
coefficients of variation (C.V.) were less than 15% [13]. The

regressionequationfor the relationshipbetweenconcentration
foundandconcentrationaddedwasy = 0.95x + 0.23andthecor-
relationcoefficient (R2) wascalculatedto be0.99.Theextraction
recoveriesof theophyllineare presentedin Table 2. The assay
recovery range was found between 92.77–94.18% (mean
93.31%).The stability of theophyllinein plasmaat –208C was
good.For up to a monthno significant reductionof the plasma
concentrationwas observedby two-way analysesof variance
(ANOVA) (p a 0.05).Besides,the coefficients of variationwere
lessthan3%overa periodof 30days.

A fast andsimpleHPLC methodfor the determinationof theo-
phylline in plasmais presented.The method’s linearity, preci-
sion, accuracy, and recovery are excellent. The small sample
volume(200lL) andquantitationlimit of 0.4lg/mL makesthis
assaya suitablechoicefor pharmacokinetic,bioequivalencestu-
diesandtherapeuticdrugmonitoring.
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Figure 1. Typical chromatogramsfor theophyllinein humanplasma:a)
Blank.b) Spikedplasmacontaininginternalstandard(I) andtheophylline
(II).

Table1. Intra- andinter-dayvariationof theophyllinein theanalysisof
humanplasma.

Intra-dayvariation Inter-dayvariation
Conc.Added

(lg/mL)
Conc.found

(lg/mL)
(meanl S.D.)

C.V
%

Conc.found
(lg/mL)

(meanl S.D.)

C.V
%

3.0 3.00l 0.03 0.91 2.91l 0.15 5.33
12.0 12.20l 0.05 0.43 12.04l 0.21 1.39
18.0 17.96l 0.44 2.62 16.89l 0.24 1.44

Table2. Extractionrecoveryof theophylline.

Plasmaconcentrationof
theophylline(lg/mL)

Recoveryof extraction
(meanl S.D.,n = 3) (%)

3.0 93.38l 4.47
12.0 92.77l 1.97
18.0 94.17l 4.13
Mean S.D.
93.31 0.70


