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ON-LINE IMMUNOAFFINITY
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HIGH-PERFORMANCE LIQUID

CHROMATOGRAPHY AND

RADIOIMMUNOASSAY FOR

A NOVEL RETINOBENZOIC ACID,

AM-80, IN HUMAN PLASMA

Masashi Itoh* and Goro Kominami

Shionogi Research Laboratories,
Shionogi & Co., Ltd., 3-1-1 Futaba-cho,

Toyonaka, Osaka, 561-0825, Japan

ABSTRACT

On-line coupled immunoaffinity chromatography and
reversed-phase high performance liquid chromatography
(on-line IAC-HPLC) with detection by radioimmunoassay
(RIA) was developed for 4-[(5,6,7,8-tetrahydro-5,5,8,8-tetra-
methyl-2-naphthyl)-carbamoyl] benzoic acid (Am-80) in
human plasma. A 0.05-mL sample was directly loaded
onto an immunoaffinity pre-column packed with immobilized
polyclonal antibodies against Am-80. The immunoaffinity
extract was then automatically introduced to reversed-phase
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HPLC column for separation by column switching. The
immunoreactivity in the HPLC-eluted fraction was measured
by competitive RIA.

The within-assay precision and accuracy of the method
were 4.0–10.6% and � 6.0 –þ8.3%, respectively, and
between-assay precision and accuracy were 6.8–11.9% and
� 16.0 –þ9.0%, respectively. The limit of quantitation was
0.5 ng/mL in human plasma. The proposed method yields
highly purified analyte in complex matrices, detects it with
high sensitivity, not only by radioimmunoassay, but also by
other methods, such as mass-spectrometry, and can be used
for routine assay of many samples without manual sample
extraction and purification.

INTRODUCTION

Sensitive and labor-saving analytical methods are needed in many
fields, but sufficient sensitivity is often difficult to attain when determining
trace amounts of analytes in biological matrices or some other complex
matrices because of interferences. In order to reduce interfering compo-
nents, one popular method is the use of small pre-columns packed with, for
example, hydrophobic or hydrophilic stationary phases or ion-exchange
materials. Immunoaffinity techniques, which are based on antigen-antibody
interaction of a highly selective retention mechanism, have recently been
used for sample cleanup where samples or extracts from urine, bile, serum,
and tissue are applied onto these immunoaffinity systems, with little or no
pre-treatment, followed by elution of the analytes from the immunoaffinity
column. The eluate can be further separated directly by on-line HPLC or
off-line HPLC after fractionation.(1–4)

Immunoaffinity columns have also been utilized for sample prepara-
tion prior to gas chromatography-mass spectrometry (GC-MS) (5), capillary
electrophoresis (CE),(6) or high-performance liquid chromatography-mass
spectrometry (LC-MS).(7–9) Such sensitive detection methods can be used
for clinical-related work.

Retinoids, such as vitamin A, play an important role in growth, dif-
ferentiation, and development of normal tissues.(12) 4-[(5,6,7,8-Tetrahydro-
5,5,8,8-tetramethyl-2-naphthyl)-carbamoyl] benzoic acid (Am-80) is a novel
retinobenzoic acid derivative, synthesized by K. Shudo et al. in 1988.(13)
Am-80 shows a high affinity for retinoid receptors in the nucleus and good
absorption through the skin by comparison with the conventional retinoic
acids.(14)
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In clinical use, about 10 g of 0.008% ointment of Am-80 is applied.
This is predicted to lead to a very low plasma concentration of Am-80, of
less than 1 ng/mL. Previously, we reported the determination of Am-80 in
human plasma by a combination of RIA and reversed-phase (RP)
HPLC.(15,16) But, the method was complicated and involved conventional
solid-phase extraction, so-called, off-line SPE-HPLC-RIA. One way to solve
these problems would be to use on-line immunoaffinity extraction with a
column switching technique. An on-line technique should offer the
advantages of direct sample injection without sample pretreatment,
avoidance of extraction losses during the evaporation and reconstitution
steps, better reproducibility, loss contamination, and avoidance of direct
handling of toxic solvents. This paper presents an on-line immunoaffinity
sample pre-treatment step, in a method using RIA and an automated HPLC
column switching system.

EXPERIMENTAL

Reagents

Am-80 was obtained from Shionogi Research Laboratories (Osaka,
Japan). Bovine serum albumin (BSA), trifluoroacetic acid (TFA), and normal
human plasma were purchased from Sigma (St. Louis, MO), Nacalai Tesque
(Kyoto, Japan), and COSMO BIO CO., Ltd. (Tokyo, Japan), respectively.
Immobilized anti-rabbit second antibody (Immunobead�) and affi-gel
protein A MAPS-II kit were purchased from Bio-Rad Laboratories
(Richmond, CA).

An activated carrier for high-performance immunoaffinity chroma-
tography, TSKgel Tresyl-5PW, and ChemcoPak Nucleosil 5C18 (4.6�
150mm) column were purchased from Tosoh (Tokyo, Japan) and Chemco
Scientific (Tokyo, Japan), respectively.

All solvents used were of HPLC grade and other reagents were of
analytical grade.

Preparation of Immunoaffinity Pre-column

A 1mL of anti-Am-80 antiserum (F187) was purified with affi-gel
protein A MAPS-II-kit and then the isolated IgG (immunoglobulin G)
fraction was concentrated with Centricon 30 (Amicon, Beverly, MA) in 1M
phosphate buffer (pH 8.1). The IgG fraction was coupled to TSKgel Tresyl-
5PW (0.5 g) as recommended by the manufacturer. After the purified IgG-
coupled TSKgel Tresyl-5PW was packed into a stainless steel HPLC column
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(6.0� 40mm I.D.), the column was blocked with 0.1M Tris-HCl buffer
(pH 8.5) and equilibrated with 0.2% (w/v) BSA and 0.02% (w/v) sodium
azide in 0.01M phosphate buffer (pH 7.0). The column was stored at 4�C.

Automated On-Line Extraction and HPLC Preparation Procedure

The on-line IAC-HPLC system is shown schematically in Fig. 1.
Human plasma sample was mixed with the same volume of equilibration
buffer [0.2% (w/v) BSA and 0.02% (w/v) sodium azide in 0.01M phosphate
buffer (pH 7.0)]. After centrifugation at 10,000� g for 5 minutes, 0.1mL of
the mixture was loaded into the on-line IAC-HPLC system at a flow rate of
1.0mL per minute, following prior equilibration with the buffer described
above.

After the immunoaffinity column was washed with distilled water for
15 minutes, the Am-80 fraction was eluted with 50% (v/v) acetonitrile and,
using a column switching technique, this fraction (12mL) was introduced
into the line of the RP-HPLC column. When the elution was completed and
the valve was changed to the immunoaffinity column line, the column was
washed successively with 80% (v/v) acetonitrile and distilled water for 15
minutes each, and equilibrated for the next injection.

Figure 1. Schematic diagram of the on-line IAC-HPLC system. Valves V1–V3 are
shown in their initial positions. Solvents were as follows: a, equilibration buffer;

b, water; c, 50% (v/v) acetonitrile; d, 80% (v/v) acetonitrile; e, 0.1% (v/v) TFA; f,
0.1% (v/v) TFA in acetonitrile.
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The immunoaffinity-extracted Am-80 fraction was further purified by
RP-HPLC, with gradient elution, using 0.1% (v/v) TFA (mobile phase A)
and 0.1% (v/v) TFA in acetonitrile (mobile phase B). The linear gradient
profile adopted was from %B¼ 50 (0 minute) to %B¼ 100 (20 minutes) at
a flow rate of 1.0mL per minute. Two-milliliter fractions of the unchanged
form of Am-80 were collected at the retention time of 9 to 15 minutes under
these conditions. After evaporation of the solvent at 70�C under a stream
of nitrogen gas, the residue was dissolved in 0.5mL of an assay buffer
[0.2% (v/v) BSA and 0.02% (w/v) sodium azide in 0.1M phosphate
buffer (pH 7.0)].

Radioimmunoassay

The RIA procedure was reported in detail previously.(17) A 0.1-mL
portion of the labeled antigen (300,000 cpm/mL), 0.1mL of the standard
Am-80 solution (9.37 to 10000 pg/mL) and diluted antiserum (antiserum
No. F187, 1:50,000) were added to an assay tube containing 0.4mL of the
assay buffer in order to determine the standard curve. In the case of
unknown samples, a 0.2-mL portion of the samples described above, labeled
antigen, and diluted antiserum were added to an assay tube containing
0.3mL of the assay buffer, successively. The mixture was incubated at room
temperature for more than 16 h; then, 0.1mL suspension of immobilized
anti-rabbit second antibody (Immunobead, 1mg/mL) was added to the
solution. After further incubation at room temperature for 2 h, the
mixture was centrifuged at 2,000� g for 10 minutes. The supernatant was
aspirated off and the radioactivity of the residue was measured with an
Aloka ARC-600 gamma system (Tokyo, Japan).

RESULTS

Preparation of Immunoaffinity Column

A 1-mL portion of anti-Am-80 antiserum (F187) was purified to
IgG (yield: 19.3mg); the IgG was used to prepare the immunoaffinity
column. We then determined the antigen-binding capacity of the immuno-
affinity column by loading an excess dose of antigen to the column. When
2mg of Am-80 was applied and eluted with 50% (v/v) acetonitrile after
washing, about 0.5mg of Am-80 was recovered and the remainder was
found in non-retained fractions (determined by RIA, data not shown).
The binding capacity was thought to be sufficient but, in the case of a high
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dose, the sample could be diluted with the equilibration buffer before
injection.

Automated On-Line Extraction and HPLC Procedure

As shown in Fig. 2, Am-80 was specifically trapped on the
immunoaffinity column and eluted with high recovery (88%) compared to
that of non-specific rabbit IgG-immobilized column under the conditions
described in Experimental. We preferred unique organic solvent to aqueous
solutions in the elution step, which made the HPLC purification method,
previously reported,(15) applicable with fewmodifications. Next, we designed
an on-line purification system using RP-HPLC with a column switching
technique. The upper panel in Fig. 3 of the immunoaffinity chromatogram
determined by RIA shows no Am-80 immunoreactivity and indicates that
the entire Am-80 fraction was introduced to the RP-HPLC column line by
column switching. On the other hand, the lower panel of the HPLC
chromatogram shows a reproducible single immunoreactive peak of Am-80
at a retention time of 11 minutes from the start of the gradient program.
Am-80 was satisfactorily extracted by the immunoaffinity column and its
unchanged form was obtained using the automated HPLC purification
system of the on-line column switching technique without any manual
handling.

Figure 2. Chromatographic profile of Am-80 in an immunoaffinity column. Am-80

was specifically trapped on the immunoaffinity column (open triangles) compared to
non-specific rabbit IgG-immobilized column (filled circles). The immunoreactivity of
the fraction was measured by RIA.
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Accuracy and Precision

The correlation between the Am-80 added to human plasma (x, ng/mL)
and the measured value (y, ng/mL) was linear, y¼ 0.889xþ 0.055
(r¼ 0.9992, ranging from 0.50 to 10.0 ng/mL). The measured values were
corrected for insufficient recovery, 88.9%. For assay precision, the within-
and between-assay precision and accuracy are shown in Table 1. From
the results, the limit of quantitation and the working range, without
dilution, of the automated on-line IAC-HPLC-RIA were 0.5 ng/mL and 0.5
to 10 ng/mL for human plasma, respectively.

Figure 3. Chromatographic profile of Am-80 in the on-line IAC-HPLC system.
(A) After loading with Am-80, the immunoaffinity column was washed and eluted.
The eluate was introduced to reversed-phase HPLC with column switching as shown

in the area indicated by arrows. (B) The immunoaffinity-purified fraction was further
separated with gradient elution. The immunoreactivity in the fractions was measured
by RIA. The arrow indicates the reproducible single peak of Am-80.
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Correlation Between Off-Line SPE-HPLC-RIA and

On-Line IAC-HPLC-RIA

As shown in Fig. 4, the correlation between the values measured by
off-line SPE-HPLC-RIA previously reported (ng/mL) and that of the on-line
IAC-HPLC-RIA described here (ng/mL) was linear, y¼ 0.981x� 0.765
(r¼ 0.997, n¼ 12), and no significant difference between the two sides was
found (p>0.01) on regression analysis.

DISCUSSION

On-line immunoaffinity extraction coupled with RP-HPLC and RIA
was developed to determine Am-80 in human plasma. Although the limit
of quantitation, 0.5 ng/mL, was not as good as that of the solid-phase
extraction-HPLC-RIA previously reported,(15) the limit of quantitation
was thought to be reasonable, considering the lesser amount of the sampling
volume of 0.05mL per injection. The sensitivity could be improved by
increasing the plasma sampling volume. The immunoaffinity column
prepared in this study with the sampling volume of 0.05mL, maintained
its performance even after more than 200 injections. In the system, about 30
samples could be successfully treated per day, but better performance could
be attained by refining the chromatographic conditions, e.g., taking

Table 1. Between- and Within-Assay Precision and Accuracy of Am-80 in Human

Plasma by On-Line IAC-HPLC-RIA

Am-80 Added

ng/mL

Am-80 Measured

Mean� SD, ng/mL RSD % % Biasa

Between-assay (n¼ 5)
0.50 0.42� 0.05 11.9 � 16.0
1.00 1.09� 0.13 11.9 þ 9.0

3.00 3.09� 0.21 6.8 þ 3.0
10.0 9.24� 1.09 11.8 � 7.6

Within-assay (n¼ 5)
0.50 0.47� 0.05 10.6 � 6.0
1.00 1.04� 0.11 10.6 þ 4.0

3.00 3.25� 0.27 8.3 þ 8.3
10.0 10.1� 0.4 4.0 þ 1.0

a(measured-added)� 100/added.
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advantage of semi-micro columns in the isocratic mode in the reversed-
phase HPLC step.

This on-line clean-up system made a valuable contribution to labor-
saving analytical operations, compared to off-line SPE-HPLC-RIA with
batch operations or other conventional pretreatment methods. Here, we
used Am-80 as a model compound in the on-line IAC-HPLC system. This
on-line clean-up system should be much more suitable for routine assay of
other compounds in complex matrices with high condensation procedures,
especially for trace amounts of environmental hormones or other hormones
in food analysis.

The on-line IAC-HPLC was capable of pre-treating many samples
with high accuracy, avoiding extraction losses during the evaporation and
reconstitution steps, and is thought to be more useful, not only for
immunological analysis, but also for other sensitive assays, e.g., mass-
spectral analysis.

REFERENCES

1. Davoli, E.; Fanelli, R.; Bagnati, R. Purification and Analysis of Drug
Residues in Urine Samples by On-Line Immunoaffinity Chromatogra-
phy/High-Performance Liquid Chromatography/Continuous-Flow Fast
Atom Bombardment Mass Spectrometry. Anal. Chem. 1993, 65,
2679–2685.

Figure 4. Correlation between off-line SPE-HPLC-RIA and on-line IAC-HPLC-
RIA. After preparation of plasma samples containing different several doses of
Am-80, these samples were measured by both off-line SPE-HPLC-RIA and on-line

IAC-HPLC-RIA. The measured values were calculated by linear regression analysis.

ON-LINE IAC-HPLC 221

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

2. Cho, B.Y.; Zou, H.; Strong, R.; Fisher, D.H.; Nappier, J.; Krull, I.S.
Immunochromatographic Analysis of Bovine Growth Hormone
Releasing Factor Involving Reversed-Phase High-Performance
Liquid Chromatography-Immunodetection. J. Chromatogr. 1996,
743, 181–194.

3. Holtzapple, C.K.; Buckley, S.A.; Stanker, L.H. Determination of Four
Fluoroquinolones in Milk by On-Line Immunoaffinity Capture
Coupled with Reversed-Phase Liquid Chromatography. J. AOAC.
Int. 1999, 82, 607–613.

4. Kominami, G.; Ueda, A.; Sakai, K.; Misaki, A. Radioimmunoassay
for a Novel Lignan-Related Hypocholesterolemic Agent, S-8921, in
Human Plasma After High-Performance Liquid Chromatography
Purification and in Human Urine After Immunoaffinity Extraction.
J. Chromatogr. 1997, 704, 243–250.

5. Dalluge, J.; Hankemeier, T.; Vreuls, R.J.; Brinkman, U.A.Th. On-Line
Coupling of Immunoaffinity-Based Solid-Phase Extraction and Gas
Chromatography for the Determination of s-Triazines in Aqueous
Samples. J. Chromatogr. 1999, 830, 377–386.

6. Thomas, D.H.; Rakestraw, D.J.; Schoeniger, J.S.; Lopez Avila, V.;
Van Emon, J. Selective Trace Enrichment by Immunoaffinity Capillary
Electrochromatography On-Line with Capillary Zone Electrophoresis-
Laser-Induced Fluorescence. Electrophoresis 1999, 20, 57–66.

7. Nedved, M.L.; Habibi-Goudarzi, S.; Ganem, B.; Henion, J.D. Char-
acterization of Benzodiazepine ‘‘Combinatorial’’ Chemical Libraries
by On-Line Immunoaffinity Extraction, Coupled Column HPLC-Ion
Spray Mass Spectrometry-Tandem Mass Spectrometry. Anal. Chem.
1996, 68, 4228–4236.

8. Ouyang, S.; Xu, Y.; Chen, Y.H. Selective Determination of a Group of
Organic Compounds in Complex Sample Matrixes by LC/MIMS with
On-Line Immunoaffinity Extraction. Anal. Chem. 1998, 70, 931–935.

9. Colin, S.C.; Stephen, J.F.; Edward, H.; Mark, S. Immunoaffinity
Chromatography Combined On-Line with High-Performance Liquid
Chromatography-Mass Spectrometry for the Determination of
Corticosteroids. J. Chromatogr. 1998, 794, 37–43.

10. Bollag, W. The Development of Retinoids in Experimental and Clinical
Oncology and Dermatology. J. Am. Acad. Dermatol. 1983, 9, 797–805.

11. Sporn, M.B.; Roberts, A.B.; Roche, N.S.; Kagechika, H.; Shudo, K.
Mechanism of Action of Retinoids. J. Am. Acad. Dermatol. 1986, 15,
756–764.

12. Orfanos, C.E.; Zouboulis, C.C.; Almond-Roesler, B.; Geilen, C.C.
Current Use and Future Potential Role of Retinoids in Dermatology.
Drugs 1997, 53, 358–388.

222 ITOH AND KOMINAMI

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

13. Kagechika, H.; Kawachi, E.; Hashimoto, Y.; Himi, T.; Shudo, K.
Retinobenzoic Acids. 1. Structure-Activity Relationship of Aromatic
Amides with Retinoidal Activity. J. Med. Chem. 1998, 31, 2182–2192.

14. Takagi, K.; Suganuma, M.; Kagechika, H. Inhibition of Ornithine
Decarboxylase Induction by Retinobenzoic Acids in Relation to Their
Binding Affinities to Cellular Retinoid-Binding Proteins. J. Cancer.
Res. Clin. Oncol. 1988, 114, 221–224.

15. Itoh, M.; Misaki, A.; Kominami, G. Combined High-Performance
Liquid Chromatography and Radioimmunoassay for a Novel Retino-
benzoic Acid Derivative, 4-[(5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-
naphthyl)-carbamoyl] Benzoic Acid (Am-80), in Human Plasma. Anal.
Lett. 1996, 29, 1377–1388.

16. Mizojiri, K.; Okabe, H.; Sugeno, K. Studies on the Metabolism and
Disposition of the New Retinoid 4-[(5,6,7,8-Tetrahydro-5,5,8,8-tetra-
methyl-2-naphthyl)-carbamoyl] Benzoic Acid. Arzneim.-Forsch./Drug
Res. 1997, 47, 259–269.

17. Itoh, M.; Misaki, A.; Yamauchi, A.; Igano, K.; Kominami, G. Radio-
immunoassay for 4-[(5678-Tetrahydro-5588-tetramethyl-2-naphthyl)-
carbamoyl] Benzoic Acid in Dog Plasma. Anal. Sci. 1995, 11, 85–90.

Received October 10, 2000 Manuscript 3018
Accepted November 12, 2000

ON-LINE IAC-HPLC 223

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081IAS100104707

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=IAS&title=ON-LINE+IMMUNOAFFINITY+EXTRACTION+FOLLOWED+BY+HIGH-PERFORMANCE+LIQUID+CHROMATOGRAPHY+AND+RADIOIMMUNOASSAY+FOR+A+NOVEL+RETINOBENZOIC+ACID%2C+AM-80%2C+IN+HUMAN+PLASMA&offerIDValue=18&volumeNum=22&startPage=213&isn=1532-1819&chapterNum=&publicationDate=07%2F31%2F2001&endPage=223&contentID=10.1081%2FIAS-100104707&issueNum=3&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A30%3A29&publisherName=dekker&orderBeanReset=true&author=Masashi+Itoh%2C+Goro+Kominami&mac=qcH5c7TCAvzHzjmbItHfBA--

