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Landiolol hydrochloride, a new adrenergic �1-selective antagonist having an ultra-short half-life, is used
to prevent tachyarrhythmia during surgery. Since landiolol is thought to be rapidly hydrolyzed to an
inactivate metabolite by esterases, quantification of the drug concentration in the blood is impractical.
The landiolol concentration in blood was halved within 5 min after blood sampling. This degradation
was effectively prevented by pre-treatment with neostigmine (100 �g) in the sampling tube, but not by
EDTA pre-treatment, indicating that landiolol could be metabolized by pseudocholinesterase in plasma.
andiolol
ltra-short-acting �1-receptor antagonist
PLC/fluorescence
seudocholinesterase
ne-step solid-phase extraction

After the one-step solid-phase extraction, fluorescence detection of landiolol reduced chromatographic
background signals and then improved assay sensitivity to the lower limit of 10 ng/ml in blood; this
reproducible approach yielded coefficient variation of less than 6%. The blood concentration-time profile
of landiolol hydrochloride in patients of the present investigation afforded more practical assessment than
previously reported studies, thus improving accuracy and facilitating detailed pharmacokinetic study in

logica
relation to the pharmaco

. Introduction

Adverse cardiovascular changes, including hypertension and
achycardia, often occur during general anesthesia. Since tachycar-
ia may carry a higher risk in terms of induction of myocardial

schemia compared with hypertension during surgery, the control
f tachycardia is an important factor in the anesthetic management
f patients. Many different anesthetic drugs and techniques have
een used for the prevention and treatment of acute hemodynamic
esponses during surgery. Of the many anesthetics, the administra-
ion of adrenergic �1-receptor antagonist is known to be an effec-
ive approach in the treatment of tachycardia [1–4]. The use of this
ype of drugs offers significantly more rapid recovery by decreas-
ng the anesthetic dose required to maintain an adequate depth
f anesthesia and reduces postoperative analgesic requirement

5,6]. Landiolol hydrochloride, (−)-[(S)-2,2-dimethyl-1,3-dioxolan-
-yl]methyl 3-[4-[(S)-2-hydroxy-3-(2-morpholinocarbonylamino)
thylamino] propoxy] phenylpropionate monohydrochloride, is a
ewly developed ultra-short-acting �1-receptor antagonist with a

∗ Corresponding author. Tel.: +81 166 69 3480; fax: +81 166 65 1392.
E-mail address: kmatsuba@asahikawa-med.ac.jp (K. Matsubara).
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l action of drug.
© 2009 Elsevier B.V. All rights reserved.

structural resemblance to esmolol [7]. The potency selective ratio of
�1/�2 of this drug is 5 times higher than that of esmolol [7,8], thus
providing better control of cardiac conditions of the patient during
general anesthesia [9,10]. However, the use of cardiovascular agents
during anesthesia induces hemodynamic changes. In cases where a
short-acting �1-receptor antagonist is combined with anesthesia
induction agents and with continuous infusion, there is a dose-
dependent risk of hypotension and bradycardia [11].

Prior knowledge of the pharmacokinetic parameters of a
drug facilitates prediction of its adverse reactions. However, the
pharmacokinetics of landiolol hydrochloride has not been well doc-
umented, since accurate determination of the blood concentration
of this drug is not practical due to its esterase-sensitive struc-
ture. As landiolol hydrochloride has an ester bond in its chemical
structure (Fig. 1), this drug is thought to be rapidly hydrolyzed
to an inactive metabolite by the esterase in blood. Although an
analytical method for quantitative determination of landiolol in
blood has recently been published [12,13], studies probing on enzy-

matic degradation after blood sampling have yet to be attempted.
Furthermore, a previous method that relies on high-performance
liquid chromatography (HPLC) separation with UV detector in quan-
titative determination of blood landiolol concentrations requires
extremely complicated sample preparation procedures with poor

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:kmatsuba@asahikawa-med.ac.jp
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blood from volunteers and carried through the same workup pro-
cedure (in triplicate) as described above. The calibration curve
of landiolol hydrochloride was constructed by plotting peak-area
ratios of the authentic compounds to IS.
Fig. 1. Chemical structure of landiolol hydrochloride.

etection sensitivity limits exceeding 50 ng/ml [12]. In this study,
e improved the assay method of lindiolol hydrochloride with

dded fluorescence detection, which also prevented drug degra-
ation after blood collection and provided data for predicting drug
etabolisms and pharmacokinetics.

. Material and methods

.1. Chemicals and materials

Authentic landiolol hydrochloride and ONO-SA-137 (2,2-
imethyl-1,3-dioxolan-4RS-ylmethyl 3-[4-{S-2-hydroxy-3-(2-(4-
orpholinecarboxamide)-ethylamino) propoxy}-3-methyl-

henyl] propionate hemioxalate) were gifts from ONO
harmaceutical Co., Ltd., (Osaka, Japan). ONO-SA-137 was used as
n internal standard (IS). Bond Elut C18 cartridges (200 mg/3 ml
ype; Varian, Lake Forest, CA, USA) were used for sample-cleanup.
itric acid monohydrate, sodium acetate, neostigmine methyl
ulfate and sodium 1-octane sulfonate (Nacalai Tesque, Kyoto,
apan) and all other chemicals were products graded for HPLC or
f reagent grade (Wako, Osaka, Japan). Redistilled water was used
hroughout the study.

.2. Blood samples

Samples of antecubital venous blood were obtained from 3
ealthy adult volunteers (age range: 38–53 years) and 5 intraop-
rative inpatients (age range: 37–70 years). This research protocol
ad been approved by the Institutional Review Board of Asahikawa
edical College, and written informed consent from participants

fter proper briefing of the study has been obtained accordingly.
Blood (1 ml) was withdrawn in a tube containing EDTA (1.6 mg)

nd neostigmine (100 �g) from patients and healthy volunteers
efore prompt treatment with ice-cold ethanol (6 ml). The super-
atant was collected after centrifugation at 1600 × g for 10 min and
tored at −20 ◦C until analysis.

.3. Sample preparation for quantification of landiolol
ydrochloride

An aliquot of 100 �l of 1000 ng internal standard in methanol
as added to the deproteinized sample before drying under a

tream of nitrogen at 50 ◦C. The residue was dissolved in 1% acetic
cid (3 ml), and then was passed through a Bond Elut C18 cartridge
equentially pre-washed with methanol (3 ml), redistilled water

3 ml) and 1% acetic acid (3 ml). After rinsing redistilled water (6 ml)
nd acetonitrile (2 ml), the cartridge was vacuum-dried for 5 min.
he target chemicals were eluted with 1% ammonia in methanol
3 ml), and the eluant was dried under a steam of nitrogen at 50 ◦C.
he dried residue was re-resolved in the mobile phase solution
Fig. 2. Typical chromatographic separations of landiolol hydrochloride using blank
human whole blood (a) and patient samples (b) with internal standards (IS; 1000 ng).
The concentration of landiolol in the patient sample was determined to be 115 ng/ml.
Peaks 1 and 2 represent landiolol hydrochloride and IS, respectively.

(100 �l) before a 25-�l sample aliquot was subjected to HPLC anal-
ysis (Shimadzu LC-10A, Kyoto).

2.4. HPLC analysis

Landiolol was measured by HPLC equipped with a fluores-
cence detector (Jasco FP-920S; Tokyo) at excitation and emission
wavelengths of 280 nm and 310 nm, respectively. Separation of the
respective compounds was achieved on a TSK gel ODS-100V col-
umn (150 mm × 2.0 mm, Tosoh, Tokyo, Japan). The mobile phase of
0.1 M citric acetate buffer (pH 3.0) containing of 0.2 mM sodium
1-octanesulfone and acetonitrile in the ratio of 75:25 (v/v) was
delivered at a flow rate of 0.3 ml/min at 40 ◦C.

2.5. Calibration curve

A known amount of landiolol hydrochloride in the range of
10–5000 ng/ml was spiked into 1.0 ml of drug-free human whole
Fig. 3. Effect of neostigmine on landiolol degradation in blood. Landiolol hydrochlo-
ride was spiked into the blood sample (1 ml) with or without neostigmine (100 �g).
EDTA was added to each sample. After incubation at 37 ◦C, landiolol remaining in
the blood was analyzed. Data represent the mean ± SEM of triplicate analyses.
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Table 1
Recovery of landiolol from human whole blood.

Added concentration (ng/ml) Recovery (%) CV (%)

10 93.6 3.8
100 93.8 4.6
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Fig. 4. A typical blood concentration-time curve of landiolol hydrochloride in
patients. Blood landiolol concentrations were determined in 5 intraoperative inpa-
tients who were a administered with landiolol hydrochloride intravenously by the
dose-escalation method: an initial dose administered by 29-min continuous infu-

T
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000 93.6 3.4
000 93.0 3.2

he data are expressed as the mean ± SD of 6 analyses.

. Results

.1. Chromatographic separation

Chromatographic separation of landiolol hydrochloride was
chieved within 18 min without any interference peak (Fig. 2). The
etention time of landiolol hydrochloride and IS on the column were
0.7 min and 17.1 min, respectively.

.2. Calibration curve

The standard curves were expressed as the regression equa-
ion of a straight-line (y = ax + b), where y is the concentration, a
s the slope, x is the peak-area ratio against internal standard and
is the ordinate intercept, by the weighted liner regression analy-

is. The equation describing the calibration curves obtained was
= 769.2x − 7.5 with a correlation coefficient of 0.999 (data not
hown). The lower detection limit of landiolol hydrochloride was
0 ng/ml (where the signal to noise (S/N) ratio was >3) spiked in
rug-free whole blood.

.3. Recovery and precision studies

Degradation of landiolol in the blood was examined. Landiolol
ydrochloride (100 or 1000 ng) was spiked in the blood sample
1 ml) with or without neostigmine (100 �g). After incubation at
7 ◦C for 0–30 min, landiolol remaining in the blood was analyzed.
andiolol degraded rapidly in the blood (Fig. 3); the drug was more
ikely to be affected by the relevant enzymes in blood at lower
han higher concentrations. A considerable portion of landiolol was
apidly degraded without neostigmine pre-treatment of the sam-
le. However, degradation of the landiolol sample was effectively
revented by neostigmine pre-treatment.

The recovery of landiolol after subjection to the present
olid-phase extraction procedure was evaluated using four con-
entrations expressed as the hydrochloride salt; i.e., 10 ng/ml,
00 ng/ml, 1000 ng/ml and 2000 ng/ml (each n = 6). The efficiency of
andiolol extraction from whole blood was 93.6%, 93.8%, 93.6% and

3.0% at 10 ng/ml, 100 ng/ml, 1000 ng/ml and 2000 ng/ml, respec-
ively (Table 1). The accuracy and precision study of the assay

ethod was conducted at 7 different concentrations of landiolol
ydrochloride (Table 2). The method was reproducible with coeffi-
ients of variation (CV) ranging within less than 6%.

able 2
ccuracy and precision study on the landiolol assay.

Run-to-run

repared (ng/ml) Detected (ng/ml) Accuracy (%) C

10 10.3 ± 0.39 −3.8 4
20 20.0 ± 0.75 4.3 4

100 101.1 ± 7.21 −5.6 3
500 497.6 ± 6.78 4.2 3
000 986.6 ± 45.3 6.7 5
000 2034.5 ± 41.5 −5.2 4
000 4879.8 ± 173.5 5.0 4

ata are expressed as the mean ± SD of 6 analyses.
sion (0.019 mg/kg/min) after 1-min loading with 0.085 mg/kg/min was followed
by a second loading of 0.105 mg/kg/min for 1 min with 29-min constant infusion
(0.038 mg/kg/min). The concentration is expressed as the hydrochloride salt. The
plots represent the mean ± SEM of triplicate analyses.

3.4. Application of the method

Blood landiolol concentrations were determined in 5 intra-
operative inpatients to whom landiolol hydrochloride was given
intravenously by the dose-escalation method: an initial dose
administered by 29-min continuous infusion at 0.019 mg/kg/min
after 1-min loading at 0.085 mg/kg/min was followed by a sec-
ond loading of 0.105 mg/kg/min for 1 min with 29-min constant
infusion at 0.038 mg/kg/min. The blood concentration-time curve
of landiolol illustrated the concentration of landiolol immediately
established a steady state level after loading (Fig. 4); the steady
state levels (as hydrochloride salt) registered 562.9 ± 145.1 ng/ml
and 1248.6 ± 273.4 ng/ml (mean ± SEM) at respective infusion rates
of 0.085 mg/kg/min and 0.038 mg/kg/min. The elimination half-life
was derived as 2.8 min.

4. Discussion

Short-acting �1-adrenoceptor antagonists, which are easier to
control during surgeries, attenuate hemodynamic changes during
anesthesia even for patients with a higher risk for side-effects

[1,2,14]. If the typical side-effects of �-adrenergic blockers should
develop, infusion of the drug can be discontinued or adjusted to
establish rapid diminution or reversal of induced side-effects. How-
ever, as the pharmacokinetic parameters of drugs are essential for
predicting relevant adverse reactions, an accurate method for quan-

Day-to-day

V (%) Detected (ng/ml) Accuracy (%) CV (%)

.28 9.6 ± 0.41 4.4 3.66

.25 20.1 ± 0.76 4.2 4.52

.88 98.0 ± 4.73 −3.2 5.22

.95 490.2 ± 7.76 4.8 4.65

.25 980.5 ± 38.9 −5.0 5.56

.25 1988.3 ± 77.8 −5.5 4.56

.98 5026.2 ± 127.1 7.2 4.23
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itative detection in blood is warranted. In this study, we have
emonstrated a simple and accurate assay method for quantitative
onitoring of landiolol concentrations in blood.
The sample preparation method developed in this study was

ery simple compared with the previously reported approach [13].
he fluorescence intensity of landiolol was weak and was not much
ifferent from that of UV absorption when the authentic compound
as analyzed using the previously reported method. However, the

mployment of fluorescence detection in our present method dra-
atically reduced the chromatographic background signals when

he blood sample was analyzed, resulting in the achievement of a
ample preparation with 5 times higher sensitivity using a simple
urification procedure. For UV detection in the previous method,
urther complicated purification steps for sample preparation were
equired [13]; a process which most likely would yield quantita-
ive errata because of the rapid continuous degradation of landiolol
fter blood sampling (even in cases where blood samples were
mmediately mixed with ice-cold ethanol after sampling, 10–30% of
andiolol were degraded). Thus, the use of enzyme inhibitors, such
s neostigmine in the present study, is essential to prevent landiolol
egradation, especially when blood is collected in the operation
heater. In addition, neostigmine is easy to handle in the opera-
ion room, since it is used to reverse the effects of non-depolarizing

uscle relaxants at the end of an operation.
Esterases are members of the hydrolase family of enzymes

hat primarily hydrolyze endogenous and exogenous esters, with
ubstrate specificity overlapping with lipases [15]. They are ubiqui-
ously expressed in mammalian blood and various organs [16]. The
lood esterase mediating the hydrolysis of chemically landiolol-

ike esmolol in human blood can be inhibited by sodium fluoride,
DTA, and p-hydroxymercuribenzoate, but not by echothiophate,
hysostigmine and acetazolamide. This tendency, therefore, indi-
ates that an arylesterase in erythrocyte cytosol mediates the
ydrolysis of drugs, while an aliphatic esterase mediates the hydrol-
sis of esmolol in guinea pig and rat plasma [17]. Arylesterase in
uman serum is a calcium-dependent hydrolase, and this cate-
ory of enzymes specifically acts on the carboxylic ester bonds
18]. However, degradation of landiolol was effectively prevented
y neostigmine, but not by EDTA in the present study. Neostigmine
otently inhibits acetylcholinesterase in blood cell membranes and
seudocholinesterase in serum [19]. In addition, landiolol has been
emonstrated to inhibit physostigmine in human serum as well
20]. Taken together, the hydrolysis of landiolol is most likely medi-
ted by pseudocholinesterase in human blood. However, our results

ould not exclude the possible involvement of erythrocyte mem-
rane acetylcholinesterase in the landiolol degradation. The fact
hat landiolol hydrochloride is hydrolyzed by pseudocholinesterase
n blood could be an important issue in critically ill patients with
epatic failure.

[
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The elimination half-life of landiolol hydrochloride (2.8 min)
in this study was shorter than the previously reported values in
healthy male volunteers (3.5 min) [12] and patients with arrhyth-
mia (3.0–3.3 min) [1]. This discrepancy may be ascribed to the
analytical method, where underestimation of blood concentrations
due to the neglect of drug degradation after blood collection could
have contributed to inflated elimination half-life values in previous
assays. Thus, future studies on the pharmacokinetics are warranted
to ascertain proper quantitative monitoring of landiolol hydrochlo-
ride.

In conclusion, we improved the analytical method for
determination of landiolol hydrochloride in blood using the
HPLC/fluorescence detection method with neostigmine pre-
treatment of blood samples. The rapid degradation of landiolol
was prevented by neostigmine, indicating that landiolol hydrochlo-
ride might have been hydrolyzed by pseudocholinesterases. The
improved analytical method most likely allows and facilitates quan-
titative and accurate pharmacokinetic/pharmacodynamic studies
of landiolol hydrochloride in clinical laboratories.
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