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The present paper describes the on-line extraction of drugs in plasma using a restricted-access media
(RAM) column in a column-switching high performance liquid chromatography (HPLC) apparatus that
was equipped with an on-line dilution system. The use of a six- to eightfold on-line dilution ratio for
plasma samples resulted in almost 100% recovery of both acidic and basic drugs from plasma. It was found

that the relationship between the on-line dilution times and drug recovery efficiencies from plasma was
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canine plasma.

explained in terms of the binding constant between the drug and albumin. The applicability of column-
switching HPLC with an on-line dilution system and the effectiveness of the extraction procedure were
confirmed by a simultaneous determination of the basic compound, ER-118585, and its metabolites in

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The direct analysis of drugs and metabolites in biological flu-
ids such as plasma using restricted-access media (RAM) [1,2]
with column-switching high performance liquid chromatography
(HPLC) can rapidly yield sensitive chemical identification results.
Today’s commercially available RAM columns are sufficiently sta-
ble to allow for their routine use in the pharmaceutical industry
[3,4], where they help to automate the on-line preparation of drug
samples in biological fluids [2,5]. An additional advantage of this
methodology is that it allows for a reduction of the matrix effect in
drug analysis in plasma using HPLC-electrospray ionization-mass
spectrometry (ESI-MS) [6]. Direct injection of the plasma sample
offers simple, reliable, and automated sample preparation with
a relatively simple apparatus. The strategy is attractive for clin-
ical drug analysis. It is valuable in therapeutic drug monitoring
(TDM), which requires prompt determination of the plasma levels
of administered drugs in order to adjust the dosage on a patient-
by-patient basis.
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However, although a RAM column was invented 20 years ago
[7], only a limited amount of research has explored the quantita-
tive analysis of drugs and metabolites by direct injection [2,3,8-13].
Moreover, only a handful of reports have described the direct anal-
ysis of acidic drugs [14-17].

Silica-based ion-exchange RAM columns [18-22] can perform
selective extraction of acidic and basic drugs from plasma in com-
parison with the reversed-phase RAM column. However, even with
ion-exchange RAM columns, it is challenging to efficiently extract
acidic drugs. Drugs in plasma generally exist in two forms: bound
and unbound. When a plasma sample-containing drug is injected
onto a RAM column, initially only the unbound drug penetrates and
is retained on the stationary phase of the RAM material. Thereafter,
the bound drug, which is released from the protein consistent with
the drug-protein binding equilibrium in the mobile phase, pene-
trates the stationary phase. This implies that in the direct analysis
of drugs using RAM columns, the analytes must be released from
their binding proteins during the extraction process.

Acidic and neutral drugs will primarily bind to albumin, which
is the most abundant plasma protein. To extract acidic drugs from
plasma, it is necessary to take into account the strong protein
binding of acidic drugs. In any drug-protein binding, hydropho-
bic interactions play an important role. Accordingly, the addition
of a small amount (<10%) of organic modifier to the extraction
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mobile phase enhances the release of the drug from the binding
protein [23]. This is an effective procedure to improve the extrac-
tion efficacy of drugs from plasma. However, there is stillroom for
improvement. The extraction of drugs with RAM columns is often
associated with insufficient drug recovery rates due to protein bind-
ing.

To improve drug recovery rates in the context of on-line extrac-
tion following direct plasma injection, a column-switching HPLC
methodology that features an on-line dilution system was devel-
oped [24].

This report describes a column-switching HPLC that enables
the effective and simple on-line extraction of ketoprofen as model
acidic drug and propranolol and imipramine as basic drugs using
amethylcellulose-immobilized-octadecylsilane (MC-ODS) column,
which is an example of a RAM solid-phase extraction (SPE) col-
umn. In order to confirm the applicability of the column-switching
HPLC and the extraction procedure, simultaneous determination
of ER-118585, an erectile dysfunction agent based on selective
phosphodiesterase-5 inhibition [25], and its metabolites including
a carboxylic acid metabolite in canine (beagle) plasma was con-
ducted.

2. Experimental
2.1. Chemicals and reagents

Ketoprofen, ammonium acetate and acetonitrile were pur-
chased from Wako Pure Chemicals (Osaka, Japan). Propranolol and
imipramine were purchased from Sigma-Aldrich (St. Louis, MO,
USA). All reagents were of analytical grade and used without fur-
ther purification. Water was deionized and purified by a Milli-Q®
TOC purification system from Millipore (Bedford, MA, USA). ER-
118585 and its four metabolites: ER-120017 (ketone metabolite),
ER-120018 (desmethyl metabolite), ER-120435 (lactone metabo-
lite) and ER-132331 (carboxylate metabolite) were synthesized by
Eisai Co., Ltd. (Tokyo, Japan).

2.2. Sample preparation

Following anti-coagulation with heparin, human plasma and
beagle dog plasma were obtained by centrifugation of healthy
human blood and beagle blood, respectively. The centrifuged
plasma was used as the “blank plasma” sample.

Primary stock solutions (100 p.g/mL) of ketoprofen, propranolol
and imipramine were prepared in 50% acetonitrile. Human plasma
containing each drug was prepared by adding the drug to blank
plasma at concentrations of 1 g/mL.

Primary stock solutions (100 g/mL) of a mixture of ER-118585
and its metabolites were prepared in 30% acetonitrile. Beagle dog
plasma containing a mixture of ER-118585 and its metabolites
was prepared by adding the compounds to blank plasma at con-
centrations of 25, 50, 250, 500 and 2500 ng/mL. The calibration
standard solutions were prepared in 30% acetonitrile using the
same compound concentrations as for the drug-supplemented
plasma samples.

2.3. Instrumentation

Two systems were used for column-switching HPLC. The first
was an extraction LC that was equipped with a bypass line, which
was equipped with a pump for on-line extraction [24]. The second
was a dual pump dilution apparatus, as illustrated in Fig. 1. This
system consisted of two LC-20AD pumps for the extraction LC, an
LC-20AB (dual pump model) for the analytical LC, a SIL-20AC auto-
injector, a DGU-20 degasser, a CTO-20A column oven, an FCV-20AH

six-port valve, an SPD-20A UV detector, and a CBM-20A communi-
cation bass module. The LC-solution software package was used for
liquid chromatography controls, data acquisition, and data analy-
sis. A MC-ODS SPE column (10 mm x 4.0 mm L.D., 50-pm particle,
12-nm pore size) was used as the extraction column, together
with a YMC Pro-C18 (150 mm x 4.6 mm L.D., 5-pm particle, 12-nm
pore size) analytical column (Kyoto, Japan) in Sections 2.4 and 2.5,
and a GL-science Inertsil ODS-2 (Tokyo, Japan) analytical column
(150 mm x 4.6 mm L.D., 5-pum particle, 12-nm pore size) in Sections
2.6 and 2.8.

2.4. Effect of the off-line dilution of the plasma sample on the
recovery of ketoprofen

An aliquot of a human plasma sample supplemented with
1 pg/mL of ketoprofen was diluted at ratios of 2x and 10x with
phosphate buffered saline (resulting ketoprofen concentrations:
500 and 100 ng/mL).

A 10 pL aliquot of intact human plasma sample, 20 uL of 2x
diluted sample, and 100 p.L of 10x diluted sample were separately
injected onto the MC-ODS SPE column in a standard column-
switching HPLC apparatus. The recovery of ketoprofen (100 ng)
under each condition was evaluated by comparing the results with
those of the standard solution (50% acetonitrile solution).

The injected samples were delivered from the injector to the
MC-0DS SPE column with a mixture of 20 mmol/L phosphoric acid
and acetonitrile (90:10, v/v) at a flow rate of 2 mL/min. Compounds
were concentrated on the SPE column for 2 min in the context of
the extraction mobile phase. Following the removal of plasma pro-
teins and other matrix components, the compounds that had been
enriched on the SPE column were backflushed to the analytical col-
umn by switching a six-port valve into a gradient elution mode at
a flow rate of 1.0 mL/min. Analytes were detected using an SPD-
10Avp UV detector at a wavelength of 254 nm. The mobile phases
consisted of (A) a mixture of water and acetonitrile (90:10, v/v)
containing 0.1% trifluoroacetic acid and (B) a mixture of water and
acetonitrile (10:90, v/v) containing 0.1% trifluoroacetic acid.

2.5. Effects of extraction flow rate and injection volume on the
recovery of drugs from plasma

The effects of the extraction flow rate (0.2, 1.0 and 2.0 mL/min)
and injection volume of the human plasma sample (10, 50 and
100 wL containing 100 ng of ketoprofen or propranolol) on drug
recovery from plasma was evaluated using the MC-ODS SPE column
in a standard column-switching HPLC unit. The extraction mobile
phase featured a mixture of 20 mmol/L phosphoric acid (pH 2) -
acetonitrile (90:10, v/v) for ketoprofen and 20 mmol/L phosphate
buffer (pH 7) - acetonitrile (90:10, v/v) for propranolol. The detec-
tion wavelength for propranolol was 280 nm. All other conditions
were as described above.

2.6. Effect of the on-line dilution ratio on the recovery of drugs
from plasma using the on-line extraction technique

In on-line extraction of drugs from plasma using column-
switching HPLC system with dilution system, the injected plasma
sample was diluted with extraction mobile phase and delivered to
the RAM column. The effect of on-line dilution on the effective-
ness of drug recovery from human plasma using the MC-ODS SPE
column was assessed. The extraction mobile phase was a mixture
of 20 mmol/L phosphoric acid (pH 2) - acetonitrile (90:10, v/v) for
ketoprofen and 20 mmol/L phosphate buffer (pH 7) - acetonitrile
(90:10, v/v) for propranolol and imipramine. In on-line extraction,
2 min extraction at a flow rate of 2 mL/min, with or without on-line
dilution was prepared for the compounds. One hundred microliters
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Fig. 1. Schematic of the column-switching HPLC-UV apparatus.

of the plasma sample supplemented with each drug (1 pg/mL) was
injected onto the MC-ODS SPE column.

2.7. Simultaneous determination of ER-118585 and its
metabolites in beagle dog plasma

To analyze ER-118585 and its metabolites, sets of samples were
placed in an autosampler and stored them at 4°C. The samples
were injected using on-line dilution in the context of the extraction
mobile phase. The solutes were concentrated on the MC-ODS SPE
column for 2 min with an extraction mobile phase that contained
a mixture of 20 mmol/L of ammonium acetate (pH 7) and acetoni-
trile (90:10, v/v). Following the removal of the plasma proteins and
other matrix components, the target compounds enriched on the
MC-0DS SPE column were transferred to the analytical column by
switching a six-port valve into gradient elution mode at a flow rate
of 1.0 mL/min. The analytes were detected by SPD-10Avp UV detec-
tor at a wavelength of 277 nm. The mobile phases consisted of (A) a
mixture of 20 mmol/L of ammonium acetate (pH 7) and acetonitrile
(90:10, v/v) and (B) a mixture of 20 mmol/L of ammonium acetate
(pH 7) and acetonitrile (10:90, v/v).

The peak areas obtained were plotted against the concentrations
of the analytes (expressed as wg/mL) and the calibration curves
constructed by means of the least-square method. Intra- and inter-
day accuracy and precision were evaluated (n=3 for intra-day and
n=6 for inter-day) in the validation experiments.

2.8. Simultaneous determination of ER-118585 and its
metabolites in plasma after continuous infusion of ER-118585 into
a canine specimen

Male beagle dogs (Marshall Farms, NY, US) weighing 10 kg were
fed restricted diets. ER-118585 (1 and 10 p.g/(kg min)) in a 5% glu-
cose solution containing 5 mmol/L phosphoric acid was infused
continuously (0.3 mL/min) into the cephalic vein over a period of
60 min for each dose. Blood samples of about 1.5 mL were drawn
from the femoral artery using a heparinized syringe at 30, 60, 90 and
120 min following ER-118585 administration. The blood samples
were centrifuged to obtain the plasma, which was subsequently
stored at —20°C.

3. Results and discussion
3.1. On-line extraction of model drugs from human plasma

In order to evaluate drug recovery from plasma after direct injec-
tion into the MC-ODS SPE column using normal column-switching
HPLC, drug recoveries from 100 L of plasma sample spiked with
ketoprofen (pKa; 4.29 [26], log Pojwy; 3.12 [27]), propranolol (pKa of
conjugated acid; 9.59 [28], log P(ojw); 3.56 [29]) or imipramine (pKj;

9.58 [28], log Pojw); 4.80 [29]) were evaluated. As a plasma matrix,
human plasma, in which drug-protein binding was well studied,
was used.

Better than 90% recovery rates were obtained for propranolol
and imipramine, but the recovery rate for ketoprofen was 28%. The
effectiveness of recovery of these drugs from standard solutions
reached almost 100%. Diluting the plasma sample with phosphate
buffer saline improved the recovery of 100 ng of ketoprofen; the
recovery from 20 L of a 2x diluted sample and 100 pL of a 10x
diluted sample was 50 and 95%, respectively. It was assumed that
the low drug recovery rates might be due to the presence of plasma
matrices.

In human plasma, human serum albumin (HSA) comprises more
than 50% of the plasma protein and plays an important role in
drug-protein binding in addition to a;-acid glycoprotein (o1 -AGP).
The binding constants of propranolol and imipramine to HSA are
6.6 x 10 and 2.4 x 102 M~'. The binding constants of these drugs
with a1-AGP are 4.8 x 10° and 9.2 x 10*M~1 [30,31], indicating
stronger binding to o«;-AGP in comparison with HSA. However,
these values were not very large and in the on-line extraction
of these drugs after plasma direct injection these drugs could
be extracted with satisfactory rates of recovery. On the other
hand, the binding constant of ketoprofen to HSA is 1.6 x 106 M~!
[32]. In on-line extraction from plasma using the normal column-
switching system, it was thought that the addition of an organic
solvent and a reduction in pH of the extraction mobile phase might
weaken the drug-protein binding. Unfortunately, however keto-
profen might possibly exist in nonionic form and showed strong
binding to albumin, consequently a sufficient rate of recovery was
not obtained.

Hence, the effect of the extraction flow rate and injection vol-
ume on the ability to recover ketoprofen and propranolol from
plasma was investigated. As shown in Fig. 2, the drug recovery rates
improved with lower flow rates of the extraction mobile phase.
A notable effect was observed for ketoprofen. It was found that
smaller plasma injection volumes led to higher recovery rates for
both drugs (Fig. 2). It was confirmed that the reduction of protein
concentrations in the extraction mobile phase is effective to obtain
improved drug recovery in the on-line extraction protocol.

It was concluded from the aforementioned data that, in order to
achieve a sufficient recovery of the drug from plasma, it is impor-
tant to reduce the plasma concentration and lower the mobility
of the drugs in the extraction column. However, lowering the flow
rate of the extraction mobile phase lengthened the extraction time
and resulted in a longer total analysis time. Accordingly, in order to
achieve both a reduction in plasma concentration and the lower-
ing of the mobility of the drugs in the column, a column-switching
HPLC apparatus that features a bypass line in front of and behind the
injector [24] and another column-switching HPLC apparatus with
a dilution line in the extraction system (Fig. 1) were developed.



E. Yamamoto et al. / Journal of Pharmaceutical and Biomedical Analysis 49 (2009) 1250-1255 1253

(A) Ketoprofen

100 —()

l

80 F

60 -

401

20

0 | 1 )
0.0 0.5 1.0 1.5 2.0 25

Recovery (%) of ketoprofen from plasma

Flow rate (mL/min) of extraction mobile phase

(B) Propranolol

100 + w

80 |

60

40

0.0 0.5 1.0 1.5 2.0 25
Flow rate (mL/min) of extraction mobile phase

Recovery (%) of propranolol from plasma

Fig. 2. Effect of varying the extraction flow rate and selecting injection volumes of
(O) 10 L; (A) 50 wL; (O) 100 pL on drug recovery from plasma using the MC-ODS
SPE column. Conditions were as follows: extraction mobile phase, 20 mmol/L phos-
phoric acid (pH 2) - acetonitrile (90:10) for ketoprofen and 20 mmol/L phosphate
buffer (pH 7) - acetonitrile (90:10, v/v) for propranolol; mobile phase volume: 4 mL;
drug amount: 100 ng.

The effect of the extent of on-line dilution of the plasma sample
on the recovery rates of drugs from 100 p.L of plasma was investi-
gated. With dilution ratios from 6 to 8, the obtained recovery rates
were nearly 100% for the model drugs tested (Fig. 3). If the dilu-
tion ratio were too large, it would take more time to transfer the
sample to the MC-ODS column, which in turn would lead to the
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Fig.3. Effectofon-line dilution on drugrecovery from plasma using the MC-ODS SPE
column. Extraction conditions were as follows: mobile phase: 20 mmol/L phosphate
buffer (pH 2) - acetonitrile (90:10) for ketoprofen and 20 mmol/L phosphate buffer
(pH 7) - acetonitrile (90:10, v/v) for propranolol and imipramine; extraction time,
4 min; flow rate: 1 mL/min; sample: 1 pg/mL, 100 L.
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Fig. 4. Structure of ER-118585 and its metabolites (ER-120017, ER-120018, ER-
120435 and ER-132331).

elution of the analytes from the MC-ODS column. Finally, it would
result in a longer extraction time and reduced HPLC sensitivity. A
report describing one such on-line dilution was helpful to improve
the sensitivity of the method [33].

3.2. Simultaneous determination of ER-118585 and its
metabolites in beagle dog plasma

In order to confirm the real-world applicability of the column-
switching HPLC protocol, the simultaneous determination of
ER-118585 and its metabolites in beagle dog plasma was investi-
gated. ER-118585 is a hydrophobic basic compound with log P(ow)
4.3. When ER-118585 is administrated to a mammal, it produces
four metabolites, namely ER-120017 (ketone metabolite), ER-
120018 (desmethyl metabolite), ER-120435 (lactone metabolite)
and ER-132331 (carboxylate metabolite). The chemical structures
of these compounds are shown in Fig. 4.

These compounds are hydrophobic and are associated with large
albumin binding constants, especially the carboxylate. To lower
the hydrophobic interactions between the compound-protein and
to achieve acceptable rates of on-line extraction of these com-
pounds, a mixture of 20 mmol/L ammonium acetate (pH 7) and
acetonitrile (90:10, v/v) was employed as the extraction mobile
phase.

The effect of the on-line dilution ratio on the recovery rates
for ER-118585 and its metabolites was investigated. An 8 x on-line
dilution protocol resulted in almost 100% recovery of all of the com-
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Fig. 5. Representative HPLC chromatograms of ER-118585 and its metabolites: (a)
blank (30% acetonitrile), (b) blank plasma, (c) standard mixture (ER-118585, ER-
120017, ER-120018, ER-120435 and ER-132331), (d) plasma supplemented with test
compounds, beagle plasma after (e) 30 min, (f) 60 min, (g) 90 min and (h) 120 min
IV infusion of ER-118585. The concentration of each compound in (c) and (d):
250 ng/mL. Infusion conditionin (e-h): 1 g/(kg min) (0-60 min) and 10 pg/(kg min)
(60-120 min).

pounds from the plasma sample. As shown in the representative
HPLC chromatograms of a standard solution and a plasma sample
supplemented with the aforementioned compounds (250 ng/mL)
(Fig.5cand d), the simultaneous determination of ER-118585 and its
metabolites was feasible. Furthermore, separation of each analyte
from the background peaks was achieved, and it was confirmed that
the background does not significantly influence the quantitative
power of this method.

On the other hand, the peak area of ER-120435 in the plasma
sample, which was analyzed immediately after preparation, was
about 17% of the standard solution. In contrast, the peak area of
ER-132331, which exists in equilibrium with ER-120435, was about
184% of the standard reference. Lactone is converted to its carboxy-
late in a pH-dependent equilibrium [34]. This conversion occurs
under neutral and basic conditions and appears to be largely depen-
dent on the presence of hydroxide ions. In plasma, the conversion
of ER-120435 to ER-132331 is known to occur. Therefore, the total
amount of ER-120435 and ER-132331 can be determined simply by
quantifying the ER-132331.

Stability test results for ER-118585 and its metabolites in beagle
dog plasma at 4°C showed that ER-120017 decomposed and the
residual percentages after 1 and 5h of storage were 85 and 55%,
respectively. Based on these results, the method to determine ER-
118585, ER-120017, ER-120018 and ER-132331 was validated using
inactivated plasma that had been treated at 60°C for 30 min. In

Table 1

Intra- and inter-day precision and accuracy for ER-118585 and its metabolites in plasma sample.

ER-118585 ER-120017

ER-120018

ER-132331

Spiked concentration

(ng/mL)

Accuracy
(%

CV (%)

Accuracy Found concentration
(%) (ng/mL)

o

%)

V(

Found concentration

(ng/mL)

Accuracy

(%)

CV (%)

Accuracy Found concentration
(ng/mL)

(%)

(@Y

Found concentration

(ng/mL)

)

Intra-day

3.0 15.4

4.8

28.8 £+ 09
55.5 + 2.7
2225 + 129

14.8
4975 + 5.1

3.0
44

28.7+£09
545 + 24

11.1
260.0 + 3.5

4.8

278 £ 1.3

-9.7

84
7.7
1.0
24

4.1

226 +£1.9

25

11.0
-11.0

8.9
4.0

-1.2

7.5

494 + 3.7
273.0 + 23.6

5135+ 83

5.1

52.5 + 4.1

259.2 +£ 2.7
462.3 + 11.1
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5.8

1.4
0.2

9.2

8.7

3.7
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-0.5
-3.0

1.0
1.0

1.0
0.5

504.9 + 1.1
2511.5 + 10.9

2.7

1.6
0.3

2426.2 + 244

0.4

2514.5 + 8.7

99.8

2431.0 + 99.8

Inter-day

12.0

5.0
4.8

280+ 14
54.2 + 2.6
235.7 + 214

503.0 + 8.4

134

2.7

284+038
54.6 + 2.3

2542 + 8.4

13.1

43

283+ 12

—-10.0

6.1

225+ 14
514 + 3.4

245.0 + 19.6
483.2 +29.7
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=6 for inter-day.

3 for intra-day and n

n=
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practice, however, it is impossible to apply such a sample pretreat-
ment to the routine analysis.

Calibration curves were obtained by plotting the peak area
against the compound concentration. These curves were lin-
ear over concentrations of 0.025-2.5 ug/mL, with coefficient of
determination (r2) that exceeded 0.999 for every compound.
The equations for the calibration plots were y=42295.2x —368.5
for the ER-132331 standard, y=39026.0x —29.7 for ER-132331
in plasma, y=61979.9x-615.0 for the ER-120018 standard,
y=62258.5x —29.7 for ER-120018 in plasma, y =54013.5x — 316.1
for the ER-118585 standard, y=53770.6x+152.1 for ER-118585
in plasma, y=51999.8x — 514.7 for the ER-120017 standard, and
y=51117.0x — 762.4 for ER-120017 in plasma.

The intra- and inter-day precision and accuracy were evalu-
ated by analyzing beagle dog plasma that had been supplemented
with 25, 50, 250, 500 and 2500 ng/mL of the four compounds. The
intra- and inter-day accuracy and precisions for ER-118585 and its
metabolites were satisfactory as shown in Table 1. The background
peaks in the HPLC chromatograms slightly affected the accuracy of
the method at 25 ng/mL for all compounds. However, the validation
data met the established criteria [35]. It was concluded that the on-
line extraction of ER-118585 and its metabolites using the MC-ODS
SPE column methodology could serve as a reproducible assay for
analysis of beagle dog plasma with lower limit of quantification of
25 ng/mL. These data confirm the ability to prepare on-line samples
that contain both acidic and basic compounds in plasma using the
MC-ODS SPE column in the context of the column-switching HPLC
approach.

3.3. Application to the simultaneous determination of ER-11858
and its metabolites in plasma after continuous infusion of
ER-118585 to a canine specimen

To confirm the applicability of the procedures, the concentra-
tions of ER-118585 and its metabolites in plasma samples obtained
after continuous infusion of ER-118585 to canines of the bea-
gle strain were determined. Representative HPLC chromatograms
of beagle plasma following continuous IV infusion of an ER-
118585 solution for 30, 60, 90 and 120 min were presented in
Fig. 5e-h. ER-132331 and ER-120017 were detected in the HPLC
chromatograms of the plasma sample obtained after infusion of
ER-118585 at 10 pg/(kg min). In the chromatograms obtained in
the study, endogenous components might affect the specificity for
ER-120018 peak were observed. The resulting concentrations for
ER-118585 in beagle plasma after 30, 60, 90 and 120 min infu-
sion were 59.3, 87.8, 658.6 and 955.4ng/mL. The concentrations
of ER-120017 were determined as 46.2 and 58.6 ng/mL after 90
and 120 min infusion and that of ER-132331 was 76.5 ng/mL after
120 min infusion, respectively. It was concluded that the method
has an ability to determine ER-118585 and its metabolites in beagle
plasma.

4. Conclusion

Effective on-line extraction of acidic and basic drugs in plasma
using a MC-ODS RAM SPE column in column-switching high per-
formance liquid chromatography (HPLC) equipped with an on-line
dilution system was investigated. It was found that on-line dilution
of the plasma sample in the mobile phase improves the extraction

efficacy of drugs in plasma. Furthermore, with a six- to eightfold
dilution ratio, almost 100% recovery rates were obtained for model
acidic and basic drugs from plasma samples. The proposed extrac-
tion procedure was validated by applying it to the simultaneous
determination of ER-118585 and its metabolites. The real-world
applicability of the method was successfully demonstrated by the
determination of ER-118585 and its metabolites in a batch of test
samples.
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