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Abstract

A high-performance thin-layer chromatographic method for quantification of theophylline from plasma is described. The
calibration curves of theophylline in methanol and in plasma were linear in the range 20—100 ng. The correlation coefficients
were 0.9971+0.0011 and 0.9955+0.0003 for standard curves in methanol and in plasma, respectively. The limit of
quantitation of theophylline in human plasma (assay sensitivity) was 20 ng and no interference from endogenous compounds
was observed. The recovery of theophylline from human plasma using the described assay procedure was 89%. The mean
relative standard deviations for intra- and inter-day analyses were 1.67% and 2.34% for 50 ng and 2.25% and 3.14% for 75
ng theophylline concentration, respectively. The method was utilized to monitor plasma concentration of theophylline

post-administration of sustained release tablets in human patient volunteers. [0 1999 Elsevier Science BV. All rights

reserved.
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1. Introduction

Theophylline(1,3-dimethyl xanthine) [1] is a wide-
ly used bronchodilator for the treatment of asthma
and chronic obstructive pulmonary disease (COPD)
[2]. To study the bioavailability of theophylline in
animals and humans various analytical methods have
been developed [3]. Various gas-liquid chromatog-
raphy (GLC) methods for quantitative determination
of theophylline have been reported [4—6], but a most
of these require derivatization. Numerous high-per-
formance liquid chromatography (HPLC) and im-
munoassay procedures with varying sensitivities,
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utilizing small plasma samples, have aso been
reported [7—23]. These methods, although sensitive,
are relatively uneconomical especialy in terms of
speciality gases/solvents/immunoreagents that are
required for routine application. High-performance
thin-layer chromatography (HPTLC) facilitates auto-
matic application and scanning in situ and has been
successfully used in the analysis of pharmaceuticals.
Moreover, a large number of samples can be run
simultaneously using small quantities of solvents
unlike HPLC and GLC [24,25]. Hence, a HPTLC
procedure for the determination of theophylline from
plasma has been devel oped.

This paper describes a rapid, simple, economical
and specific HPTLC method for measuring theo-
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phylline in human plasma. The application of the
method for analysis of plasma concentration of
theophylline in human patient volunteers is also
described.

2. Experimental
2.1. Reagents and chemicals

Theophylline was supplied by German Remedies
(Mumbai, Indig). Chromatographic-grade solvents
were purchased from Ranbaxy (Gurgaon, Indig). All
other reagents were of analytical-grade and were
used without further purification.

2.2. Instrumentation

A Remi cyclomixer and centrifuge was used for
mixing and centrifuging the samples. The samples
were spotted on E-Merck thin-layer chromatography
(TLC) auminum plates precoated with Silica gel 60
F254 (layer thickness 250 pm). Using the Camag
Linomat Model 1V, the samples were applied as
narrow bands of 4 mm width at a constant rate of 10
wl/s under a nitrogen atmosphere. The length of
chromatogram run was 8 cm and the time required
for each run was approximately 15 min. The sepa-
ration was carried out in a Camag twin trough
chamber (10X10 cm) using ascending mode of
development. The separation was visuadized by
irradiation of the plates with a short-wavelength (254
nm) ultraviolet lamp. Densitometric analysis of the
separated components was carried out using a Camag
TLC scanner 1| Model 1988 in the absorbance mode
at 272 nm. Scanning speed was kept at 4 mm/s.
Integration of chromatogram was performed using a
Camag TLC LCI-100 scanner/integrator system.

2.3. Assay procedure

2.3.1. Extraction of theophylline from plasma
Aliquots of stock solution of theophylline in
methanol (0.2-1.4 p.g) were pipetted in glass stop-
pered centrifuge tubes. Methanol was evaporated at
45°C under a gentle stream of nitrogen gas. Control
plasma (drug-free) (1 ml) was added to each cen-
trifuge tube and the tubes were vortexed on a

cyclomixer for 5 min. Appropriate blank was pre-
pared simultaneously. Sodium hydroxide (1 M) (1
ml) and 72% (v/v) perchloric acid (0.3 ml) were
added to each of the centrifuge tubes. The capped
tubes were again vortexed for 5 min. The drug was
then extracted in 5 ml of diethyl ether—dichlorome-
thane—isopropanol (6:4:1, v/v) [16,17]. The tubes
were then centrifuged at 3000 g for 10 min. The
organic layer was separated by aspiration into 75x10
mm glass tubes and evaporated at 45°C under a
stream of nitrogen gas. The residue obtained was
reconstituted with 0.1 ml methanol and 10 pl of this
solution was applied as a band to obtain theophylline
amounts in the range 20—-140 ng on plate. In the case
of volunteer plasma samples, the reconstituted sam-
ple was diluted 5-10-fold and 10 wl spotted, so that
the amount of theophylline on plate was within the
linear range of the assay.

2.32. SHection of mobile phase

Various solvent systems reported in literature
[3,26,27] for TLC analysis of theophylline were
tried. Subsequently, a modified solvent system con-
gtituting  chloroform—methanol (9:1) was chosen

[27].

2.33 Sandard curve for theophylline

Stock solution of theophylline (1 pg/wl) was
prepared in methanol /plasma. This solution was
diluted to yield a 0.01 pg/ ul working stock solution.
Aliquots of 2, 4, 6, 8 and 10 .l of this working stock
solution were applied as bands to obtain 20, 40, 60,
80 and 100 ng theophylline on the plate.

2.4. Recovery and repeatability studies

Recovery of theophylline from the sample by the
isolation procedure was demonstrated by external
standardization. Twelve sample tubes were taken. To
six of these tubes 50 ng of theophylline (stock
solution equivalent to 50 ng theophylline) was added.
The contents of the tubes were evaporated to dry-
ness. To each of the 12 tubes 1-ml of drug-free
plasma was added. Further processing was done as
described before in Section 2.3.1. The supernatant
from each of tubes 1-6 was poured into empty
75X10 mm glass tubes while contents from tube
seven to twelve were poured into analogous tubes
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containing 50 ng of theophylline in methanol. The
contents of al the 12 tubes were evaporated to
dryness under a stream of nitrogen gas at 45°C. The
residue was reconstituted in 100 pl of methanol, 10
wl applied as a band, and the area under the curve
determined. The ratio of the mean of the areas under
the curves of tubes 1-6 divided by the mean of the
areas under the curves of tubes 7—12 multiplied by
100 indicated the percent recovery of theophylline. A
similar experiment was carried out at a theophylline
concentration of 75 ng.

3. Results and discussion
3.1. Seection of mobile phase

Reports in the literature state that a system opti-
mized for TLC can be adapted for HPTLC by
carrying out modifications in the solvent strength and
selectivity. The selection of mobile phase was there-
fore attempted by modification of TLC system
reported for identification and purity testing of
theophylline from bulk and pharmaceuticals. The
solvent system consisting of chloroform—methanol
(9:1, v/v) which gave dense and compact bands with
appropriate R values for both theophylline and its
potential metabolites in plasma (Fig. 1) was selected.

<— Solvent front (8 cm)
— —
= le—Metabolite Rf 0.77
—-— -— <—Theophylline Rf 0.54
— l<— Metabolite Rf 0.27
— l<— Metabolite Rf 0.21
— —
A B C l=— Band position

Fig. 1. Schematic representation of the TLC plate after the
development of bands. (A) Blank (drug-free) plasma, (B) plasma
spiked with theophylline, and (C) human patient plasma dosed
with theophylline preparation.

3.2, Sandard curve of theophylline in methanol
and plasma

A series of standard curves (six) of theophylline
were prepared in methanol and in plasma. All
standard curves were linear over the range 20—100
ng. The mean values of intercept, slopes and coeffi-
cient of correlation were 0.1251+0.0254,
0.4980+0.0034 and 0.9971+0.0011 for standard
curves in methanol and  0.6186%0.0340,
0.4430+0.0017, and 0.99550.0003 for standard
curves in plasma, respectively.

The intercept values were 1.05% (for standard
curve in methanol) and 5.11% (for standard curve in
plasma) of the area under the curve obtained, for the
lowest points of the standard curve, i.e., 20 ng. The
range of reliable quantitation was set at 20—100 ng
as no significant difference was observed in the
slopes of the standard curves in this range (analysis
of variance, ANOVA; P>0.05). Beyond 100 ng
theophylline on plate, the standard curves deviated
from linearity.

The limit of quantitation for theophylline in
plasma was observed to be 20 ng on plate (0.2
pg/ml theophylline in plasma). This was the lowest
concentration of theophylline in plasma that was
accurately detected and integrated by the instru-
mentation used. The relative standard deviation
(RSD) was 1.09% (n=6). Below this concentration
the spot for theophylline was not clearly visible. No
interference from endogenous compounds in plasma
was observed.

3.3 Recovery and repeatability study

This study was undertaken to document the ex-
traction efficiency of the method. The results indi-
cated that the recovery of theophylline from human
plasma using the described extraction was
89+3.25% at the 50 ng level (low theophylline
concentration) and 89+4.11% at the 75 ng level
(high theophylline concentration). The results aso
confirmed the repeatability of the method.

Accuracy and repeatability of the assay was tested
at 50 ng and 75 ng level of theophylline. The results
shown in Table 1 revealed excellent accuracy and
high precision of the assay method.

The intra-day repeatability of the assay was as-
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Table 1

Accuracy and repeatability of theophylline HPTLC assay

Theophylline amount on plate Difference RSD

(ng) (%) (%)

Experimental ® Theoretical

49.79 50 0.42 153

74.62 75 0.49 1.67
“n=6.

sessed by assaying 12 plasma samples corresponding
to theophylline concentrations of 50 and 75 ng, 12
times, within one day. The stability of frozen
aliquots of human plasma containing 50 and 75 ng of
theophylline was examined by analysis of extracted

Table 2
Intra- and inter-day repeatability of the assay

samples (n=6) of each concentration for 12 days.
The results are presented in Table 2. The low RSD
indicated good intra- and inter-day repeatability of
assay. There was no indication of compound in-
stability as a result of freezing and thawing over a
period of 12 days.

34. Plasma levels of theophylline in COPD
patients

The utility of the analytical method was assessed
by determining the plasma concentration of theo-
phylline following single oral administration of
sustained release tablet of theophylline (200 mg) in
six patient volunteers suffering from mild COPD.

Intra-day repeatability

Inter-day repeatability

Theoretical amount (ng)

50 75 50 75

Actua amount (ng)
Mean (ng) 50.24 74.87 50.37 74.98
Range (ng) 48.43-52.01 71.22-78.43 47.81-52.85 70.33-79.87
RSD (%) 1.68 2.25 234 315

Theophylline plasma concentration (mcg/mi

0 1 2 4

6 8 10 12

Time (h)

Fig. 2. Average theophylline plasma levels after the administration of a single oral sustained release marketed tablet of theophylline.
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Fig. 2 shows the mean plasma concentration versus
time curve. A mean peak plasma level of
5.24+0.522 pg/ml was observed at 6 h post-ad-
ministration. Mean elimination rate constant was
found to be 0.063+0.008/h. Plasma drug disappear-
ance half life was 10.9+1.27 h. Mean area under the
plasma concentration time curve was 42.2+3.92 g
h/ml.

4. Conclusion

The method described herein is rapid, selective
and economic. It allows rapid analysis of theophyl-
line in plasma at a sensitivity which is suitable for
the plasma levels of drug reported in bio-
pharmaceutical and therapeutic analysis.
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