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bstract

A simple, sensitive and selective high performance liquid chromatography (HPLC) method with ultraviolet detection (272 nm) was developed
nd validated for the simultaneous quantification of theophylline and etofylline in human plasma. Following rapid sample preparation, the analytes
nd internal standard (hydrochlorothiazide) were separated using an isocratic mobile phase on a reverse phase C18 column. The lower limit of
uantification was 100 ng/mL for both theophylline and etofylline with a relative standard deviation of less than 6%. A linear dynamic range of
00–10,000 ng/mL for both theophylline and etofylline was established. This HPLC method was validated with between-batch precision of 2.2–6.0

nd 1.4–3.7% for theophylline and etofylline, respectively. The between-batch accuracy was 94.3–98.0 and 95.4–98.2%, respectively. Stability of
heophylline and etofylline in plasma was excellent, with no evidence of degradation during sample processing (autosampler) and 30 days storage
n a freezer. This validated method is simple and rugged enough to be used in pharmacokinetic studies.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Theophylline has been introduced in the therapy of chronic
irway disease several decades ago [1]. Theophylline has
aintained an important role as a potent and useful bron-

hodilator, which may be due to the reliable relationship of the
harmacological effect with plasma theophylline concentra-
ions. However, the use of theophylline is often restricted by
ts narrow therapeutic range (5–20 �g/mL) [2,3] and various
dverse effects occur when plasma levels exceed 20 �g/mL [4].
he rate of metabolism of theophylline varies considerably from
ne individual to another. As a consequence of the variation of
harmacokinetics between patients, it is necessary to monitor
oncentration of drugs in individual patients to ensure the max-
mum clinical response and to avoid undesirable side effects.
Etofylline or hydroxyethyltheophylline is a bronchodilator,
nd is normally applied in combination with theophylline.
he pharmacological actions of the etofylline are generally

∗ Corresponding author. Tel.: +91 40 23556038/41142; fax: +91 40 23541152.
E-mail address: ramakrishna nirogi@yahoo.co.in (R.V.S. Nirogi).
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onsidered to be similar to those of theophylline [5]. Unlike
ther xanthine derivatives, etofylline does not convert into theo-
hylline in the body. Etofylline is mainly excreted unchanged
y the kidneys and only a small fraction of it is metabolized
y hydroxylation [6]. This offers a wide therapeutic window
nd combination of etofylline and theophylline (Deriphylline®)
xhibits less frequent adverse side effects than an equivalent
ose of theophylline alone. Therefore, the monitoring of
tofylline and theophylline levels in plasma is required for
herapeutic use and toxic control.

For the analysis of theophylline and etofylline in plasma
amples, spectrophotometry [7,8], immunoassays [9–11],
apillary electrophoresis (CE) [12–15] and chromatographic
ethods [16–24] have been introduced. The immunological

nd spectrophotometric methods would be inappropriate for
etermination of the combination of different methylxanthines.
nly chromatographic and CE methods can be applied to dif-

erentiate and measure these drugs, simultaneously. But most of

he clinical laboratories are not equipped with CE methods. The
hromatographic methods are more widely accessible and capa-
le of being implemented in clinical laboratories with standard
igh performance liquid chromatography (HPLC) instrumen-
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ation. Theophylline alone or theophylline with other drugs or
ith its metabolites in plasma has been determined by HPLC.
In this investigation, a simple plasma pretreatment and HPLC

ethod is developed and validated for the simultaneous quantifi-
ation of theophylline and etofylline in human plasma. The pro-
osed method also can be applied to pharmacokinetic research
nd clinical monitoring of these methylxanthines. The proposed
PLC method was applied to the dose dependent pharmacoki-
etic study of theophylline and etofylline.

. Materials and methods

.1. Chemicals

Theophylline and etofylline were obtained from German
emedies (Mumbai, India). Hydrochlorothiazide (internal stan-
ard, I.S.) was from Torrent Research Centre (Ahmedabad,
ndia). HPLC grade LiChrosolv methanol and LiChrosolv ace-
onitrile were from Merck (Darmstadt, Germany). Drug-free
uman plasma, containing EDTA as an anticoagulant, was
btained from Nizam Institute of Medical Sciences (Hyder-
bad, India). Ammonium acetate, trichloro acetic acid and acetic
cid were purchased from Merck (Mumbai, India). HPLC grade
ater from Milli-Q system (Millipore, Bedford, MA, USA) was
sed. All other chemicals were of analytical grade.

.2. Chromatography

The integrated high performance liquid chromatography sys-
em (LC 2010C, Shimadzu Corporation, Kyoto, Japan) was
quipped with a quaternary pump, a degasser, an autosampler,
n injector with a 100-�L loop, a column oven, a UV detec-
or and a data system (Class VP version 6.12). The separation
f compounds was made on an Intertsil C18 column (5 �m,
50 mm × 4.6 mm i.d., GL Sciences Inc., Japan) at 30 ◦C tem-
erature. The mobile phase was a mixture of 10 mM ammonium
cetate buffer/methanol/acetonitrile (86:7:7, v/v/v) pumped at a
ow-rate of 1.0 mL/min. Detection was set at a wavelength of
72 nm.

.3. Sample preparation

Plasma sample (0.5 mL) was pipetted into micro-centrifuge
ubes, then 25 �L of I.S. working solution (75 �g/mL) was
dded and the mixture was vortex mixed for 10 s. Then 50 �L
f trichloro acetic acid (35%) was added drop by drop to the
ample carefully to ensure complete precipitation of the pro-
eins while vortex-mixing for 1 min. The sample was centrifuged
sing micro-centrifuge at 8000 rpm for 5 min at 25 ◦C. Then
lear supernatant was transferred into injector vials and a 100-
L aliquot was injected into chromatographic system.

.4. Method validation
.4.1. Calibration and control samples
Standard stock solutions of theophylline (4 mg/mL),

tofylline (4 mg/mL) and I.S. (1 mg/mL) were prepared in

s
o
o
p
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ethanol. The I.S. working solution (75 �g/mL) was prepared
y diluting stock solution with diluent (water/methanol, 50:50,
/v). Working solutions (0.2 mL) were added to drug-free
lasma (9.8 mL) as a bulk, to obtain both theophylline and
tofylline concentrations of 100, 200, 500, 1000, 2000, 3000,
000 and 10,000 ng/mL as a single batch at each concentration.
he quality control samples were prepared as a bulk on an

ndependent weighing of standard drugs, at concentrations of
00 ng/mL (LLOQ), 300 ng/mL (low), 4000 ng/mL (medium)
nd 8000 ng/mL (high) for both theophylline and etofylline as a
ingle batch at each concentration. The calibration and control
ulk samples were divided into aliquots in micro-centrifuge
ubes (Tarson, 2 mL) and stored in the freezer (<−50 ◦C) until
nalyses.

A calibration curve was constructed from eight non-zero
amples covering the total range (100–10,000 ng/mL for both
heophylline and etofylline), including LLOQ. The calibration
urves were generated using the analytes to I.S. peak area ratios
y weighted (1/x2) least-squares linear regression on 5 consecu-
ive days. The acceptance criterion for a calibration curve was a
orrelation coefficient (r2) of 0.99 or better, and that each back-
alculated standard concentration must be within 15% deviation
rom the nominal value except at the LLOQ, for which the max-
mum acceptable deviation was set at 20%. At least 67% of non-
ero standards were required to meet the above criteria, including
cceptable LLOQ and upper limit of quantification [25].

.4.2. Selectivity
Five randomly selected blank human plasma samples were

arried through the protein precipitation and chromatographed
o determine the extent to which endogenous plasma compo-
ents may contribute to interference with the analytes or the
nternal standard. The results were compared with LLOQ for
heophylline and etofylline.

.4.3. Recovery
Recovery of theophylline and etofylline was evaluated by

omparing the mean peak areas of five extracted low, medium
nd high quality control samples to mean peak areas of five neat
eference solutions (unprocessed). Recovery of hydrochloroth-
azide (I.S.) was evaluated by comparing the mean peak areas
f five extracted quality control samples to mean peak areas of
ve neat reference solutions (unprocessed) of the same concen-

ration.

.4.4. Accuracy and precision
Within-batch accuracy and precision evaluations were per-

ormed by repeated analysis of theophylline and etofylline in
uman plasma. The run consisted of a calibration curve plus five
eplicates of each LLOQ, low, medium and high quality control
amples. Between-batch accuracy and precision were assessed
y analysis of samples consisting of a calibration curve and
ve replicates of LLOQ, low, medium and high quality control

amples for theophylline and etofylline on 3 separate days. The
verall precision of the method expressed as percent coefficient
f variation (%CV) and accuracy of the method expressed as
ercent to true value.
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Fig. 1. Chromatograms of: (A) blank human plasma; (B) spiked human plasma
sample at LLOQ for theophylline (100 ng/mL) and for etofylline (100 ng/mL);
(
(
f

r
r

3

The optimized protein precipitation extraction with trichloro
acetic acid eliminated the laborious extraction steps of evap-
oration and reconstitution involved in generic solid phase and
liquid–liquid extraction methods without compromising the sen-

Table 1
Precision and accuracy data of back-calculated concentrations of calibration
samples for theophylline in human plasma

Concentration
added (ng/mL)

Concentration found
(mean ± S.D., n = 5; ng/mL)

Precision
(%)

Accuracy
(%)

100 97 ± 6 6.0 96.6
200 196 ± 6 3.4 98.1
500 486 ± 8 1.8 97.1

1,000 1057 ± 48 4.5 105.7
R.V.S. Nirogi et al. / J. Chro

.4.5. Stability
The short-term stability was examined by analyzing repli-

ates of the low and high plasma quality control samples at
oom temperature for 24 h. Freeze–thaw stability of the samples
as obtained over three freeze–thaw cycles, by thawing at room

emperature for 2–3 h, refrozen for 12–24 h. Autosampler sta-
ility of theophylline and etofylline was tested by analysis of
rocessed and reconstituted low and high plasma QC samples,
hich are stored in the autosampler tray for 24 h. Stability of

heophylline and etofylline in human plasma was tested after
torage in a freezer (<−50 ◦C) for 30 days. The stability of stan-
ard solutions was also tested at room temperature for 3 h, 20 h
nd upon refrigeration (4 ◦C) for 1 month. For each concentra-
ion and each storage condition, five replicates were analyzed
n one analytical batch. The concentration of theophylline and
tofylline after each storage period was related to the initial
oncentration as determined for the samples that were freshly
repared and processed immediately.

. Results and discussion

.1. Separation

Fig. 1 shows the representative chromatograms of blank
lasma, at LLOQ for theophylline (100 ng/mL) and etofylline
100 ng/mL) and plasma samples spiked with theophylline
4000 ng/mL) and etofylline (4000 ng/mL). The analytes,
heophylline, etofylline and I.S., were well separated from
o-extracted material under the described chromatographic
onditions at retention times of 6.6, 7.9 and 9.4 min, respec-
ively. The peak shapes were good and completely resolved one
rom another at therapeutic concentrations of theophylline and
tofylline. No interference with constituents from the plasma
atrix was observed.

.2. Linearity and sensitivity of the assay

The peak area ratio of theophylline and etofylline to I.S. in
uman plasma was linear with respect to the analyte concentra-
ion for both over the range 100–10,000 ng/mL. The calibration

odel was selected based on the analysis of the data by linear
egression with/without intercepts and weighting factors (1/x,
/x2 and none). The best fit for the calibration curve could be
chieved with the linear equation y = mx + c with a 1/x2 weighing
actor. The mean linear regression equation of calibration curve
or theophylline was y = 0.0004(±0.00)x + 0.0129(±0.0080)
nd for etofylline was y = 0.0003(±0.00)x + 0.0010(±0.0012),
here y is the peak area ratio of the analyte to the I.S. and x is

he concentration of the analyte. The correlation coefficient (r2)
or both theophylline and etofylline was above 0.999 over the
oncentration range used. These calibration curves were suitable
or generation of acceptable data for the concentrations of the
nalyte in the samples during between-batch and within-batch

alidations (Tables 1 and 2).

LLOQ was established as 100 ng/mL for both theophylline
nd etofylline, respectively. The mean response for the analytes
eak at LLOQ was more than 10-fold greater than the mean
C) human plasma sample spiked with theophylline (4000 ng/mL), etofylline
4000 ng/mL) and I.S. Approximate retention times: theophylline = 6.6 min; eto-
ylline = 7.9 min; I.S. = 9.4 min.

esponse for the peak in five blank human plasma samples at the
etention time of the analytes.

.3. Extraction efficiency
2,000 2054 ± 51 2.5 102.6
3,000 3065 ± 83 2.7 102.2
5,000 5159 ± 113 2.2 103.2

10,000 9718 ± 140 1.5 97.2
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Table 2
Precision and accuracy data of back-calculated concentrations of calibration
samples for etofylline in human plasma

Concentration
added (ng/mL)

Concentration found
(mean ± S.D., n = 5; ng/mL)

Precision
(%)

Accuracy
(%)

100 97 ± 4 3.5 97.3
200 197 ± 6 2.9 98.5
500 495 ± 9 1.9 98.9

1,000 1043 ± 11 1.1 104.3
2,000 2018 ± 15 0.7 100.8
3,000 2993 ± 32 1.1 99.7
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5,000 5064 ± 42 0.8 101.2
10,000 9900 ± 85 0.9 98.9

itivity, which further resulted in reduced processing and anal-
sis time.

The extraction recovery at low, medium and high quality con-
rol samples for theophylline was 86.3 ± 1.9, 95.5 ± 1.1 and
3.9 ± 0.8% and for etofylline was 88.2 ± 1.6, 95.3 ± 1.1 and
5.6 ± 0.8%, respectively. It indicates that extraction recovery
f theophylline and etofylline is independent of concentra-
ion. The recovery of internal standard, hydrochlorothiazide was
7.6 ± 0.6% at the concentration used in the assay (75 �g/mL).
ecovery of theophylline and etofylline were high where as

ecovery of I.S. was low, but the recoveries of the analytes are
onsistent, precise and reproducible.

.4. Selectivity

There were no interfering peaks present in five differ-
nt randomly selected samples of drug free human plasma
sed for analysis at the retention times of either analytes or

nternal standard. There was no interference of theophylline,
tofylline and hydrochlorothiazide analysis by other poten-
ially co-administered drugs such as paracetamol, nicotinamide,
buprofen, caffeine, aspirin, ampicillin, loratadine, atorvastatin,

t
Q
4

able 3
ccuracy and precision of the HPLC method for determining theophylline concentra

oncentration
dded (ng/mL)

Within-batch (n = 5)

Concentration found
(mean ± S.D.; ng/mL)

Precision (%) Accuracy

100 90 ± 3 3.4 89.7
300 265 ± 7 2.5 88.3
000 3935 ± 118 3.0 98.3
000 7990 ± 47 0.6 99.8

able 4
ccuracy and precision of the HPLC method for determining etofylline concentratio

oncentration
dded (ng/mL)

Within-batch (n = 5)

Concentration found
(mean ± S.D.; ng/mL)

Precision (%) Accurac

100 95 ± 2 1.9 95.3
300 273 ± 2 0.6 90.9
000 3834 ± 17 0.5 95.8
000 7933 ± 85 1.1 99.1
gr. B 848 (2007) 271–276

lopidogrel, metformin, glimepiride, venlafaxine, celecoxib,
aproxen and nimuselide.

.5. Precision and accuracy of the assay

The results shown in Tables 3 and 4 indicate that the assay
ethod is reproducible for replicate analysis of theophylline

nd etofylline in human plasma within the same day and also on
ifferent days.

The accuracy values for between-batch and within-batch
tudies at the LLOQ and at low, medium and high concentrations
f theophylline and etofylline in plasma were within acceptable
imits (<15%, n = 3) (Tables 3 and 4).

.6. Stability

The stock solutions were stable for at least 1 month when
tored at 4 ◦C. The stability experiments were aimed at test-
ng all possible conditions that the samples might experience
fter collection and prior the analysis. These were performed as
escribed in Section 2.4.5. All stability results are summarized
n Table 5. Three freeze–thaw cycles and 24 h room temperature
torage for low and high quality controls samples indicated that
heophylline and etofylline were stable in human plasma under
hese conditions. QC samples were stable for at least 30 days
f stored frozen at <−50 ◦C. Testing of autosampler stability
f quality control samples indicated that theophylline and eto-
ylline were stable when kept in the autosampler for up to 24 h.

.7. Dilution integrity
The dilution integrity was also conducted to assess whether
he upper concentration limit (10,000 ng/mL) can be extended.
uality control samples (in five replicates) at concentration
0,000 ng/mL were diluted by five times with blank plasma,

tions in plasma samples

Between-batch (n = 3)

(%) Concentration found
(mean ± S.D.; ng/mL)

Precision (%) Accuracy (%)

98 ± 6 6.0 98.0
289 ± 15 5.4 96.3

3776 ± 170 4.5 94.3
7804 ± 178 2.2 97.5

ns in plasma samples

Between-batch (n = 3)

y (%) Concentration found
(mean ± S.D.; ng/mL)

Precision (%) Accuracy (%)

97 ± 3 3.7 97.4
286 ± 9 3.3 95.4

3910 ± 76 1.9 97.7
7857 ± 107 1.4 98.2
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Table 5
Stability of theophylline and etofylline in human plasma

Sample concentration (n = 5; ng/mL) Theophylline Etofylline

Concentration
found (ng/mL)

Precision (%) Accuracy (%) Concentration
found (ng/mL)

Precision (%) Accuracy (%)

Short-term stability for 24 h in plasma
300 293 3.1 97.6 282 2.8 93.9

8000 7576 1.4 94.6 7621 1.5 95.2

Three freeze and thaw cycles
300 315 2.3 104.9 290 2.1 96.7

8000 7913 1.2 98.8 7928 0.5 99.1

Autosampler stability for 24 h
300 304 1.8 101.5 290 1.1 96.9

8000 8090 2.6 101.1 7894 2.7 98.6

30 days stability in a freezer

a
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300 285 2.3
8000 7775 0.5

nd the assay precision and accuracy were determined in a
imilar manner as described above. For theophylline and eto-
ylline, the mean concentration found was 40,515 ± 3.7 and

9,862 ± 2.8 ng/mL and bias was 3.2 and 1.9%, respectively.
he results suggested that samples whose concentrations were
reater than the upper limit of the standard curve could be re-
nalyzed by appropriate dilution.

ig. 2. Mean concentration vs. time profiles over 56 h of: (A) theophylline and
B) etofylline in human plasma from six subjects receiving a single oral dose of
00, 450 and 600 mg of Deriphylline under fasting conditions (circles—300 mg;
riangles—450 mg; squares—600 mg).
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95.3 295 1.5 98.4
97.1 7806 0.5 97.5

.8. Application to clinical study

The present HPLC method was employed to determine the
harmacokinetic parameters of theophylline and etofylline in the
lasma samples of clinical subjects. After a single oral dose of
eriphylline (300, 450 and 600 mg) to 18 healthy subjects, con-

entration versus time profiles were constructed up to 56 h. Each
eriphylline tablet contains etofylline 77% and theophylline
3%. Fig. 2 shows mean concentration–time profiles of theo-
hylline and etofylline in six subjects each receiving a single oral
ose of 300, 450 and 600 mg Deriphylline under fasting condi-
ions. In literature there were no reports on the pharmacokinetics
f etofylline in human plasma where as the pharmacokinetics
f theophylline are in agreement with the reported literature
2,3].

. Conclusions

The described HPLC/UV method employs the protein precip-
tation procedure for sample preparation and is convenient for the
imultaneous quantification of theophylline and etofylline from
uman plasma samples. The validation data demonstrates good
recision and accuracy. The validated method allows quantifi-
ation of both theophylline and etofylline in 100–10,000 ng/mL
ange, and fully validated as per FDA guidelines [25]. Because
f the straightforward sample preparation procedure, a sample
hroughput of 50 per 10 h is routinely achieved. In conclusion,
his paper describes a very simple and selective HPLC method
or the simultaneous quantification of theophylline and eto-
ylline suitable to monitor plasma concentrations during clinical
harmacokinetic studies in humans.
cknowledgement

The authors wish to acknowledge the support received
rom Mr. Venkateswarlu Jasti, CEO, Suven Life Sciences Ltd.,
yderabad.



2 omato

R

[

[
[
[
[

[

[

[
[

[

[

[

[

[
[

T. Iwata, H. Hayakawa, T. Hayakawa, K. Imai, Biomed. Chromatogr. 13
76 R.V.S. Nirogi et al. / J. Chr

eferences

[1] M.M. Weinberger, S. Riegelman, N. Engl. J. Med. 291 (1974) 151.
[2] P.A. Mitenko, R.I. Ogilvie, N. Engl. J. Med. 239 (1973) 600.
[3] G. Levy, R. Koysooko, J. Pediatr. 86 (1975) 789.
[4] M. McKee, R.J. Haggerty, N. Engl. J. Med. 256 (1957) 956.
[5] R. Tanaka, M. Haramura, A. Tanaka, N. Hirayama, Anal. Sci. 21 (2005)

165.
[6] B.L. Chauhan, B.S. Doshi, R.D. Kulkarni, Eur. J. Clin. Pharmacol. 30

(1986) 635.
[7] H.C. Goicoechea, A.C. Olivieri, A.M. de la Pena, Anal. Chim. Acta 384

(1999) 95.
[8] M. Sanchez-Cabezudo, J.M. Fernandez-Romero, M.D.L. de Castro, Anal.

Chim. Acta 308 (1995) 159.
[9] R.M. Garcinuno, P. Fernandez, C. Perez-Conde, A.M. Cutierrez, C.

Camara, Talanta 52 (2000) 825.
10] A. Ius, M.A. Bacigalupo, R. Longhi, G. Meroni, Fresenius J. Anal. Chem.

366 (2000) 869.

11] C.M. Rico, P. Fernandez, M. del, A.M. Gutierrez, Analyst 120 (1995) 2589.
12] N. Chiem, D.J. Harrison, Anal. Chem. 69 (1997) 373.
13] L. Steinmann, J. Caslavska, W. Thormann, Electrophoresis 16 (1995) 1912.
14] M. Johansson, M.B.G. Rydberg, B. Schmekel, J. Chromatogr. A 652 (1993)

487.

[

gr. B 848 (2007) 271–276

15] C.H. Feng, H.L. Wu, S.J. Lin, S.H. Chen, J. Liq. Chromatogr. Rel. Technol.
26 (2003) 1913.

16] T. Umemura, R. Kitaguchi, K. Inagaki, H. Haraguchi, Analyst 123 (1998)
1767.

17] W.M. Mullett, E.P.C. Lai, Anal. Chem. 70 (1998) 3636.
18] H. Vergin, G. Mahr, B. Winterhalter, R. Wigand, Arzneim. Forsch./Drug

Res. 53 (2003) 635.
19] M.E. Abdel-Hamid, O.A. Phillips, J. Liq. Chromatogr. Rel. Technol. 26

(2003) 1937.
20] H. Kanazawa, R. Atsumi, Y. Matsushima, J. Kizu, J. Chromatogr. A 870

(2000) 87.
21] S. Dadashzadeh, H. Tajerzaden, Eur. J. Drug Metab. Pharmacokinet. 26

(2001) 77.
22] E. Naline, B. Flouvat, C. Advenier, M. Pays, J. Chromatogr. 419 (1987)

177.
23] K.T. Muir, M. Kunitani, S. Riegelman, J. Chromatogr. 231 (1982) 73.
24] J. Kizu, S. Watanabe, N. Yasuno, Y. Arakawa, S. Uzu, S. Kanda, F. Komoda,
(1999) 15.
25] Guidance for Industry: Bioanalytical Method Validation, US Department

of Health and Human Services, Food and Drug Administration, Center for
Drug Evaluation and Research, Rockville, MD, 2001.


	A simple and rapid HPLC/UV method for the simultaneous quantification of theophylline and etofylline in human plasma
	Introduction
	Materials and methods
	Chemicals
	Chromatography
	Sample preparation
	Method validation
	Calibration and control samples
	Selectivity
	Recovery
	Accuracy and precision
	Stability


	Results and discussion
	Separation
	Linearity and sensitivity of the assay
	Extraction efficiency
	Selectivity
	Precision and accuracy of the assay
	Stability
	Dilution integrity
	Application to clinical study

	Conclusions
	Acknowledgement
	References


