
Journal of Pharmaceutical and Biomedical Analysis 54 (2011) 1163–1172

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journa l homepage: www.e lsev ier .com/ locate / jpba

Large volume injection of 1-octanol as sample diluent in reversed phase liquid
chromatography: Application in bioanalysis for assaying of indapamide in whole
blood

Stefan Udrescua, Iulia Daniela Soraa, Florin Albua, Victor Davidb, Andrei Medvedovici a,b,∗

a Bioanalytical Laboratory, SC Labormed Pharma SA, #44B Th. Pallady Blvd., Bucharest 032266, Romania
b University of Bucharest, Faculty of Chemistry, Department of Analytical Chemistry, #90 Panduri Av., Bucharest 050663, Romania

a r t i c l e i n f o

Article history:
Received 22 September 2010
Received in revised form 1 December 2010
Accepted 3 December 2010
Available online 13 December 2010

Keywords:
Strong immiscible diluents
Large volume injection
Indapamide
Whole blood
LC-ESI/MS2

a b s t r a c t

Large volume injection of samples in strong diluents immiscible with the mobile phases used in reversed
phase liquid chromatography (RPLC) has been recently introduced in practice. In the present work, the
potential of the technique has been evaluated for bioanalytical applications. The process consists of the
liquid–liquid extraction of indapamide from whole blood into 1-octanol, followed by the direct injection
from the organic layer into the LC. Detection was made through negative electrospray ionization (ESI)
and tandem mass spectrometry (MS2). The method was developed, validated, and successfully applied
to a large number of samples in two bioequivalence studies designed for indapamide 1.5 mg sustained
release and 2.5 mg immediate release pharmaceutical formulations. The performance of the analytical
method is discussed based on data resulting from the validation procedure and the completion of the
bioequivalence studies.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The main purpose of bioanalysis is the determination of selected
compounds in biological matrices [1,2]. Two challenging problems
relate to the sample preparation step in bioanalytical processes:
elimination of the biological matrix to sustain method’s selectivity
and enrichment of the target compounds to achieve low quantita-
tion limits. Protein precipitation methods and extraction processes
are more often used to support the above mentioned goals.

Liquid–liquid extraction readily isolates analytes in water
immiscible solvents. The sample transfer to the chromatographic
system is usually preceded by the removal of the extraction
solvent (under gas stream, eventually thermally assisted) and re-
dissolution of the dry residue in a solvent compatible with the
mobile phase, to further support a large injected volume. Evapo-
ration step may add random errors to the experimental results and
seriously lengthens the duration of the analytical process. It would
be highly preferable to inject large volumes of the organic phase
directly to the chromatographic column. However, it is generally
accepted that if the injection solvent is stronger than the mobile
phase, the chromatographic peaks will be broadened and/or dis-
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torted [3–8]. Some practical solutions to accommodate stronger
diluents to large volume injection – reversed phase liquid chro-
matography (RPLC) through application of pulsed elution gradients
have been proposed [9]. Recent studies demonstrated that band
broadening/peak distortion does not occur if the dilution solvent
has an increased retention compared to target compounds [10].
This also applies for dilution solvents, which are not miscible with
the mobile phase and exhibit enhanced affinity for the station-
ary phase compared to target analytes [11,12]. The reduction of
the retention factors characterizing the target compounds should
be considered, because the highly retained dilution solvent “satu-
rates” a proportional amount of the stationary phase [11]. The use
of water-immiscible solvents as diluents in RPLC has been recently
highlighted for the assay of related impurities in active ingredi-
ents [13], antioxidants in pharmaceutical formulations [14] and
ginkgolic acid in standardized extracts [15]. Additional phenomena
related to similarity/dissimilarity of the viscosities characterizing
injection solvent and the chromatographic eluent, namely the vis-
cous fingering problem, should also be taken in consideration under
these particular conditions [16]. Accordingly, if the injection sol-
vent is less viscous than the eluent, chromatographic peaks tend
to have fronting. By the opposite, a more viscous injection solvent
should be fingered by the backward eluent, leading to peak tailing
[17,18].

The basic phenomena relating to large volume injection of
diluents non-miscible with the mobile phase, more precisely
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n-alkanes, were described earlier by our group [11], as a com-
pletion of studies carried out with strong miscible diluents (such
as acetonitrile, methanol, i-propyl alcohol and tetrahydrofuran)
in 100% aqueous mobile phases, discussed by Loeser and Drumm
[10]. Some theoretical aspects are further discussed in the present
work, in Section 3. These theoretical assumptions were previ-
ously verified for injection of relative polar compounds such
as isosorbide-2 and -5 nitrates, pentoxifylline, tropicamide and
methyl-p-hydroxybenzoate in n-hexane, n-heptane and i-octane
[12]. We have also applied this approach for the assay of traces of
butylated hydroxyanisole used as antioxidant in statines formu-
lations [14]. Another interesting application referred to the assay
of ginkgolic acids in standardized Ginkgo biloba extracts, which
avoided the tedious sample preparation procedure described in
the compendial specific monograph [15]. Recently, Loeser et al.
[13] extended the application field through using ethyl acetate, i-
propyl acetate and methyl-i-butylketone as diluents for the assay
of polar related impurities in a relatively non-polar active pharma-
ceutical ingredient during the drug development phase. Although
this approach has been used in these applications, its advantages
in being used within the framework of large scale studies, where
robustness is crucial, have not been yet verified. As liquid–liquid
extraction in water immiscible solvents is largely used in sam-
ple preparation processes related to bioanalysis, we considered
that the development, validation and application of this approach
for an LC/(-)ESI/MS2 method designed for a bioequivalence study
would be specifically interesting. Our choice was oriented toward a
difficult biological matrix, the whole blood. Such a matrix, if inad-
equately processed, may induce serious interferences in the ion
source of the mass spectrometric detector, leading to reduced pre-
cision and accuracy. Indapamide, a moderate lipophilic molecule
(log Kow = 2.66), was selected as a target compound, owing its
particularity of binding on the surface of the red cells, induc-
ing the objective need of its assay directly in blood (and not in
plasma or serum). The isolation of the compound was achieved
through liquid–liquid extraction, from whole blood to octanol. The
extraction solvent was 1-octanol because it fulfills all appropriate
conditions needed for large volume injection of samples in dilu-
ents non-miscible with the mobile phase (in relation to the target
compound indapamide and internal standard in use), as it results
from Refs. [10,11] and all argumentation presented later. A large
volume (75 �l) from the organic layer was injected into the LC oper-
ated under reverse phase conditions. The method was successfully
validated and used for two consecutive bioequivalence studies: a
multidose bioequivalence study for a sustained release pharmaceu-
tical formulation (coated tablets) containing 1.5 mg of indapamide
and a single dose bioequivalence study for an immediate release
pharmaceutical formulation (coated tablets) containing 2.5 mg of
indapamide. The reliability of the method when used for such large
scale applications and the intrinsic quality of the experimental
results are discussed further in the present work.

2. Experimental

2.1. Reagents

All solvents (methanol, acetonitrile) were HPLC gradient
grade from Merck (Darmstadt, Germany). Water for chro-
matography (resistivity minimum 18.2 M� and TOC maximum
30 ppb) was produced within the laboratory by means of a
TKA Lab HP 6UV/UF instrument and used during experiments.
Reference standards were obtained from European Pharma-
copoeia (Council of Europe, Strasbourg, France), batch no. 4
for indapamide (4-chloro-N-[(2-methyl-2,3-dihydro-1H-indol-1-
yl]-3-sulphamoylbenzamide) and batch no. 1c for 5-chloro-2-

methoxy-N-[2-(4-sulphamoyl phenyl)ethyl]benzamide, used as
internal standard (IS). 1-Octanol and formic acid were extra pure
grade from Merck. Sodium chloride from Merck was pro-analysis
grade.

2.2. Equipment

Experiments were performed on a system built up from Agilent
series 1200 modules (Agilent Technology, Waldbronn, Germany)
as following: degasser (G1322 A); binary pump SL (G1312 B); ther-
mostated autosampler (G1367 C); column thermostat (G1330 B).
Detection was made through a MS/MS triple quadrupole detector
(G2571 A) using an atmospheric pressure electrospray ion source
(ESI), operated under negative mode. System control, data acquisi-
tion and interpretation were made with the Agilent Mass Hunter
software version B 01.00 (B48). Alternative diode array detection
(DAD) and refractive index detection (RID) modes used to asses
effects arising on large volume injection of the non-miscible dilu-
ent were achieved by means of the Agilent 1200 SL series (G1315C)
and Agilent 1100 G1362 modules, respectively.

2.3. Chromatographic method

The chromatographic separation was carried out on a Zorbax
SB C18 Rapid Resolution, 50 mm length × 4.6 mm internal diam-
eter × 1.8 �m particle size column, thermostated at 40 ◦C. Such a
short column was preferred to increase the method’s throughput
(considering the increased number of samples being analyzed).
Elution conditions were optimized in order to conserve adequate
chromatographic resolution and to control matrix effects arising
within the ion source of the mass spectrometer. A Phenomenex
C18 guard cartridge (2 mm length, 4 mm internal diameter) was
used to protect the column inlet. The column was operated under
gradient conditions, at a flow rate of 0.8 ml/min. The components of
the mobile phase were aqueous 0.1% formic acid and a mixture ace-
tonitrile/methanol in 1/1 volumetric ratio. The following gradient
profile (including the re-equilibration step) was applied:

Time (min) Organic modifier (%) Flow rate (ml/min)

0 5 0.8
2 45 0.8
5.5 45 0.8
5.51 100 0.8
6.0 100 0.8
6.50 100 1.2
6.51 5 1.2
7.5 5 1.2

The flow rate increase at the end of the gradient is however
needed for a faster elimination of 1-octanol from the column. A
higher flow rate over the whole gradient profile would produce
enhanced throughput through shortening the run (without a sensi-
ble loss in term of efficiency, as in such conditions, the van Deemter
plot for a 1.8 �m particle size stationary phase is almost flat). How-
ever, flow rate limitation up to 0.8 ml/min was required by the
proper functioning of the ESI source.

The injection volume was 75 �l. An accurate and reproducible
injection process was obtained only through reducing the dispens-
ing speed of the autosampler from the normal speed of 1000 down
to 100 �l/min, to compensate for the high viscosity of 1-octanol.
Additional column re-equilibration (at 0.8 ml/min and 5% organic
modifier) is obtained during the injection process, which takes
about 2 min.

Investigation of effects produced through injection of large vol-
umes of octanol in the column was carried out under isocratic
elution conditions, consecutively using acetonitrile, methanol or
a mixture acetonitrile/methanol (1:1 (v/v)) as organic modifier in
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