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1. Introduction
In the investigation of staining technique for several compounds, a polyvinyliden difluoride
(PVDF) membrane was found as transfer membrane (Towbin et al., 1979), and applied to
western blotting technique that utilizes antigen-antibody binding property for the specific
and sensitive detection of peptides and proteins by immunostaining (Granger, 1988; Reig &
Klein, 1988). In the case of low molecule compounds, thin-layer chromatography (TLC)
immunoblotting of glycosphingolipids was reported using a nitrocellulose membrane
(Towbin et al., 1984), but the transfer efficiency from TLC plate to the membrane was poor
and not constant. Recently, the direct TLC immunostaining of glycolipids and
glycosphingolipids was demonstrated without the blotting step from TLC plate to the
membrane (Meisen, 2004; Suetake & Yu, 2003). Furthermore, TLC immunostaining of
gangliosides (Miyamoto et al., 2006) and dot blot analysis of gangliosides on PVDF
membrane (Chabraoui et al., 1993) were reported as the direct immunostaining. These
immunostaining techniques were limitedly applied for glycolipids, glycosphingolipids and
gangliosides because the other low molecule compounds were easily washed out into the
buffer solution without fixing on the TLC plate or PVDF membrane.
Since small molecular compound such as saponin cannot fix on the PVDF membrane or TLC
plate, no success of immunostaining for saponin has been reported. We reached to a new
idea that a saponin was divided into two functional parts, sugar and aglycone moieties.
Sugar parts in saponin could be oxidized to give aldehyde groups which were conjugated
with carrier protein like bovine serum albumin (BSA) and then fixed onto the PVDF
membrane as saponin-BSA conjugate because BSA was strongly binded on the membrane.
In contrast, the aglycone part was recognized as epitope by monoclonal antibody (MAb)
against saponin and then we succeeded to immunostaining of saponin on the PVDF
membrane. The first success was reported on the immunostaining of solasodine glycosides
by our group (Tanaka et al., 1997) followed ginsenosides (Fukuda, 1999, 2000, 2001). In 2001
we suggested a new name, [eastern blotting] for glycyrrhizin as a new immunostaining
technique (Shan et al., 2001).
In eastern blotting the developed TLC plate was covered with PVDF membrane and all
contents were blotted from TLC plate to the membrane by press and heating. After the
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blotting, the membrane was treated with sodium periodide and then immersed in BSA
solution at alkaline condition for the preparation of hapten-BSA conjugate on the membrane.
After blocking with skimmed-milk, the membrane was treated by MAb which recognize a
hapten and then a second antibody labeled with peroxidase directed against first antibody.
Finally a substrate is added resulting in staining (Fig. 1). Fig. 2 shows the mechanism of
binding and immunostaining of saikosaponin a (SSa) onto the PVDF membrane as previously
reported (Zhu et al., 2007). Eastern blotting could stain only hapten molecule on the PVDF
membrane. However, since the transfer efficiency at blotting step was difficult to control,
this method could not be applied for the quantitative analysis system. Therefore, we
improved staining system into the direct staining without transfer to membrane from TLC
plate. In this chapter we will discuss about a newly developed eastern blotting.

Fig. 1. Eastern blotting protocol
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Fig. 2. Schematic diagram illustrating the immunodetection of SSa onto a PVDF membrane
Three major oleanane-saponins named saikosaponins such as SSa, SSc, and SSd (Fig. 3) and
many minor saponins are isolated from the roots of Bupleurum species. SSa has anti-cancer,
anti-inflammatory, corticosterone secreting and plasma-cholesterol decreasing activities.
SSb2 performs phagocytosis-increasing activity on macrophages. SSd shows liver protective
effect, anti-inflammatory, immunoregulatory, virus inactivating and anti-cancer activities.
Furthermore, in a prescription of Kampo medicine (Shosaikoto) containing Bupleuri radix,
SSa, SSb2, SSc, and SSd showed anti-tumor effects. Phytochemical and pharmacological
analyses of Kampo medicine is extremely difficult due to combinatorial use of multiple
herbs. In addition, because Kampo medicines are manufactured as highly standardized
ethical drugs in Japan, a method of comprehensive analysis of the compounds for scientific
quality control is urgently needed.

Fig. 3. Chemical structures of saikosaponins
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Recently we prepared a specific MAb against SSa (Zhu et al., 2004) and a MAb having wide
cross-reactivity to saikosaponins (Zhu et al., 2006), and developed an enzyme-linked
immunosorbent assay (ELISA) system for quantitative measurement of SSa and/or total
saikosaponins. However, it is difficult to gain the each content of SSa, SSb2, SSc and SSd by
these competitive ELISA methods. In pharmacological investigation of Kampo medicine, it
is very important to grasp each bio-active compound concentration in each crude drugs
prescribed individually, because individual saikosaponins have significant pharmacological
effects as indicated above.
Therefore, we described here an unique approach, immunodetection of SSa, SSc, and SSd by
new eastern blotting using anti-SSa MAb and its application to quantitative immunoassay
using NIH Image for the estimation of saikosaponins in crude drugs and Kampo medicines
containing Bupleuri radix for quality control as previously reported (Morinaga et al., 2006).

2. MAbs against SSa and saikosaponins and their developments for ELISA
system
Immunizations, hybridizations and purifications of MAbs against SSa (1G6) and
saikosaponins (3G10) and their developments of ELISA system for determination of SSa and
total saikosaponins have been established (Zhu, 2004, 2006). Cross-reactivities are the most
important factor in phytochemical investigations in which there are many structurally
related compounds (see Table 1).
Compound
Saikosaponin a
Saikosaponin b2
Saikosaponin c
Saikosaponin d
Digitonin
Solasonine
Solamargine
Glycyrrhizin
Ginsenoside Rb1
Ergosterol
Cholesterol
Sitosterol
Deoxycholic acid

MAb-1G6
100
<0.25
2.65
3.76
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
0.45

MAb-3G10
100
63.77
28.52
15.62
1.42
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25

Table 1. Cross-reactivities (%) of anti-SSa MAbs (1G6) and (3G10)
Assay specificities were examined by competitive ELISA with various related compounds,
then calculated following by Weiler and Zenk's method (Weiler & Zenk, 1976). The crossreactivities (CR) of saikosaponins and related compounds were calculated by following
equation.

CR% =

μg/ml of SSa yielding A/A0 = 50%
× 100
μg/ml of compound under investigation yielding A/A0 = 50%

A: absorbance in the presence of the test compound
A0: absorbance in the absence of the test compound (10% MeOH)
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Fig. 4. Stereochemistry of saikosaponins
MAb-1G6 reacted only with structurally related SSc and SSd, weakly resulting in the high
specificity of MAb. An undetectable cross-reaction with other steroidal compounds was
shown. When compared the cross-reactivities between SSa having a -hydroxyl group at the
C-16 position and SSd ( -hydroxyl group), MAb-1G6 had cross-reactivities against SSd (see
Fig. 4). From this, the hydroxyl group at the C-16 position is distinguished stereochemically
by MAb-1G6.
MAb-3G10 cross-reacted with SSb2, SSc and SSd at a rate of 63.8, 28.5 and 15.6%,
respectively, easily suggesting that the ether ring between the C-13 and C-28 position in SSa
might be opened in a mouse body during the immunization period, and then immunized.
This wide cross-reaction is the major advantage of antibody reagent used in this ELISA,
because when total saikosaponin concentrations in body fluid and/or in plant sample are
needed, this MAb can be widely available, similarly to the results of anti-solamargine MAb
(Ishiyama et al., 1996).
From these results, we decided that the concentration of the major saikosaponin, SSa, in the
crude drug of Bupleuri radix can be analyzed by ELISA using MAb-1G6. On the other hand,
when it is necessary to determine the concentration of total saikosaponins in the extracts of
Kampo medicines, MAb-3G10 functions well for quantitative analysis because the ether ring
at the C-13 and C-28 positions opens during the extraction process, as previously reported
(Akahori, 1980).
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Fig. 5. Calibration curve of SSa by ELISA with MAb-1G6. Various concentrations of SSa
were incubated with MAb-1G6 in the microtiter plate adsorbed with SSa-HSA (1 μg/ml).
After washing with TPBS, the wells were again incubated with peroxidase-labeled antimouse IgG. Absorbance was measured at 405 nm

Fig. 6. Calibration curve of SSa by ELISA with MAb-3G10. Various concentrations of SSa
were incubated with MAb-3G10 in the microtiter plate adsorbed with SSa-HSA (1 μg/ml).
After washing with TPBS, the wells were again incubated with peroxidase-labeled antimouse IgG. Absorbance was measured at 405 nm

www.intechopen.com

Quality Control of Bupleurum Species by Newly Established Eastern Blotting

261

Fig. 5 indicates the calibration curve of SSa using MAb-1G6 by ELISA, showing that the full
measuring range of the assay extended from 26 ng /ml to 1.5 μg/ml. Since the available
measuring range of the HPLC method performed in our laboratory was 25 μg/ml to 400
μg/ml, it becomes evident that the ELISA is about 1000 times more sensitive than that of the
HPLC method.
Fig. 6 indicates the calibration curve of SSa using MAb-3G10 by ELISA, showing that the full
measuring range of the assay covers from 0.6 μg /ml to 2.3 μg/ml. Since the available
measuring range of the HPLC method performed in our laboratory was 25 μg/ml to 400
μg/ml, it becomes evident that the ELISA is about 50 times more sensitive than that of the
HPLC method.

3. New eastern blotting for saikosaponins
3.1 Extraction of crude drugs and Kampo medicines
Dried powders of various Bupleuri radix (20 mg) and Kampo medicine (50 mg) were
extracted five times with 0.5 ml methanol with sonication and filtered using a Cosmonice
filter W (0.45 μm filter unit, Nacalai Tesque, Kyoto, Japan). The combined extracts were
diluted with methanol for ELISA and new eastern blotting analyses.

Fig. 7. New eastern blotting protocol
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3.2 Visual detection of SSa, SSc, and SSd by new eastern blotting
New eastern blotting was performed except for separation by TLC plate and transfer to a
PVDF membrane as reported previously (Tanaka et al., 1997) as following the protocol
indicated in Fig. 7.
Saikosaponins and the extracts of Bupleuri radix and Kampo medicine were applied onto a
positive-charged polyethersulfhone (PES) membrane (MustangTM E, Pall Corporation, East
Hills, NY, USA). After drying, this membrane was hung in the tank and immersed and
developed by acetonitrile-water (1:4, by volume). The developed PES membrane was dried
and dipped into water containing NaIO4 (10 mg/ml) for 1 h. After washing with water, 50
mM carbonate buffer solution (pH 9.6) containing BSA (1%) was added, and was stirred at
room temperature for 3 h. After washing PES membrane with phosphate-buffered solution
(PBS), the membrane was treated with PBS containing 5% skimmed milk (S-PBS) for 2 h to
reduce nonspecific adsorption. The PES membrane was immersed in anti-SSa MAb (1G6)
and stirred at room temperature for 2 h. After washing the PES membrane twice with PBS
containing 0.05% Tween 20 (T-PBS) and water, a 1:1000 dilution of peroxidase-labeled goat
anti-mouse IgG in PBS containing 0.02% gelatin was added, and the mixture was stirred at
room temperature for 1 h. Then the PES membrane was washed twice with T-PBS and water
and then exposed in Tris-HCl buffer (pH 7.5) containing 1 mg/ml 3,3’-diaminobenzidine
tetrahydrochloride (DAB) and 0.02% H2O2 for 30 min at room temperature. The reaction was
stopped by washing with water, and the immunostained PES membrane was allowed to
dry.
3.3 Image analysis system and image acquisition
A graphic analysis system, which consisted of a Macintosh computer, a public domain
program NIH Imaging 1.63 (developed at the U.S. National Institutes of Health and
available on the internet at http://rsb.info.nih.gov/nih-image/), a desktop scanner and a
scanning software Photoshop CS2 (Adobe Systems Inc., San Jose, CA, USA) was used.
Images were captured as 256 levels grayscale. The file size was 300 k bytes (200 dots per
inch resolution). Digital output was transferred from the scanner to the computer and stored
as a PICT file.
3.4 Image analysis using NIH Image
The immunostained PES membrane grayscale image was loaded and thresholded to make a
binary image for the separation of objects and background. Then, we chose the analyze
menu options and selected the area, ellipse major axis and ellipse minor axis commands to
calculate the objects area as previously described (Masters et al., 1992; Root & Wang, 1993).

4. Establishment of new eastern blotting for immunodetection of
saikosaponins
In a new approach, we demonstrated the immunodetection of saikosaponins on the
positive-charged PES membrane. PES membrane is widely used for the ultrafiltration
system (Duarte et al., 2003) and enzyme immobilization unit (Gomes et al., 2004). However,
no success with immunodetection of small molecular compounds like saikosaponins using
PES membrane has been reported yet. Fortunately, we found a new fact that the positivecharged PES membrane was suitable for the immunodetection of saikosaponins by dot blot
analysis using anti-SSa MAb (1G6) (data not shown).
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We also noticed its intrinsic hydrophilicity and strong physical property against organic
solvents and believed it makes possible to separate saikosaponins chromatographically on
this membrane. Although we tested various ratios of methanol-water as the solvent system,
acceptable separation data was not obtained. However, fortunately we found its reverse
phase property and tested various ratios of acetonitrile-water just following HPLC mobile
phase for saikosaponins. All saikosaponin standards and Bupleuri radix (Mishima) extract
were separated well with acetonitrile-water (1:4, by volume) as shown in Fig. 8.

Fig. 8. Separation and immunodetection of saikosaponins by new eastern blotting using
anti-SSa MAb (1G6)
The other important merit is the same as PVDF membrane depending on the increase of
cross-reactivity as reported in the previous paper (Fukuda et al., 1999). The eastern blotting
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of SSa on a PES membrane using anti-SSa MAb (1G6) resulting in staining together with SSc
and SSd. In this methodology, we separated the SSa molecule into two functional parts, the
epitope part (mainly aglycone) and the sugar parts as commented above (See Fig. 2). The
sugar parts in saikosaponins were oxidatively cleavaged to release aldehyde groups which
were conjugated with protein to fix on a PES membrane. Because it was evident that a part
of sugar moiety in SSa was immunized, the cleavage of sugar moiety by NaIO4 expanded its
cross-reactivity against other saikosaponins resulting in possibility of staining for SSc and
SSd, though anti-SSa MAb (1G6) had weak cross-reactivity with SSc and SSd (2.65% and
3.76%, respectively).

Fig. 9. Calibration curve of SSa obtained by new eastern blotting using anti-SSa MAb (1G6)

Fig. 10. Calibration curve of SSc obtained by new eastern blotting using anti-SSa MAb (1G6)
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5. Application of new eastern blotting to quantitative immunoassay for
saikosaponins
We applied the new eastern blotting to the quantitative immunoassay for saikosaponins
using NIH Image because newly established method reflected direct sample amounts
without transfer efficiency. For the calibration curves, each saikosaponin standard was
spotted in five kinds concentration. By this method, the contents of saikosaponins can be
determined individually. Calibration curve of each saikosaponin is indicated in Fig. 9 – 11.

Fig. 11. Calibration curve of SSd obtained by new eastern blotting using anti-SSa MAb (1G6)

6. New eastern blotting as a tool for the quality control of Kampo medicines
containing Bupleuri radix
New eastern blotting was also applied to the estimation of various Kampo medicines. Fig. 12
shows the new eastern blotting of Bupleuri radix and Kampo medicines prescribed with and
without Bupleuri radix. Lane 10 shows Shoseiryuto prescription extract, which contains no
Bupleuri radix resulting that no band was appeared by new eastern blotting. Compared to
the result of Bupleuri radix, there was no SSd detected from Kampo medicines, because SSd
will be converted into SSb2 during the extraction processing.
On the other hand, the bands of SSa and SSc in Daisaikoto, Shosaikoto, Saikokyoyoto and
Saikokaryukotsuboreito extracts (Fig. 12, lanes 6, 7, 8 and 9), which contain Bupleuri radix
clearly appeared. These areas of the coloring spots on this membrane were calculated using
graphic analysis by the NIH Image and the saikosaponins concentrations were determined
as indicated in Table 2. These results were in a good agreement with those from the ELISA
analysis (see Table 2).
In the case of SSb2, only weak color development was observed in this method and no
determination data was shown by using NIH Image analysis. It is suggested to be due to the
quantitative determination limits of this NIH Image analysis system. However, this problem
can be solved by using more sensitive anti-saikosaponin MAbs and/or color developing
substrate and chemiluminescence system.
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Fig. 12. Immunodetection of saikosaponins in Bupleuri radix and various Kampo medicines
by new eastern blotting using anti-SSa MAb (1G6)
Concentration (μg/mg dry weight powder)
New Eastern Blotting
Sample
SSa
SSc
SSb2
SSd
Total
Bupleuri radix (Mishima) 8.38
1.39
ND
3.76
13.53
Bupleuri radix (Austria)
7.65
1.35
ND
1.55
10.55
Daisaikoto
0.63
0.19
(+)
ND
0.82
Shosaikoto
0.80
0.22
(+)
ND
1.02
Saikokyoyoto
0.69
0.13
(+)
ND
0.82
Saikokaryukotsuboreito 0.83
0.23
(+)
0.19
1.25
Shoseiryuto
ND
ND
ND
ND
ND

ELISA
SSa
9.31
7.90
0.62
0.76
0.68
0.89
ND

Total
11.46
8.94
1.06
1.19
1.13
1.43
ND

Table 2. Saikosaponins concentrations in Bupleuri radix and Kampo medicines determined
by new eastern blotting using NIH Image. Data are the means of triplicate assays. ND= not
detectable

7. Conclusion
Many analytical approaches have been used to identify saikosaponins in crude drugs
and/or Kampo medicines. Among these methods, the use of HPLC in conjunction with
mass spectrometry (MS) or photodiode array (PDA) is most frequently and widely used
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(Ohtake et al., 2004; Li et al., 2005). The advantages of the new eastern blotting over the
HPLC method are mainly its saving cost-performance (e.g., organic solvents and analytical
equipments), speed, ease of use and more environmentally-soft determination method.
Moreover, the new eastern blotting can analyze quantitatively and/or qualitatively at least
three saikosaponins, SSa, SSc, and SSd by using a single MAb, anti-SSa MAb (1G6).
This is the first report of the separation and immunodetection of saikosaponins on positivecharged PES membrane and its application for quantitative immunoassay for saikosaponins.
Although it has been believed difficult to determine the concentrations of small molecular
compounds by western blotting technique, the methodology described here may open a
wide field of comparable studies with other families of carbohydrates containing compounds
of low molecular weight, such as glycosides, glucuronides, aminosugar conjugates and/or
glycolipids and glycosphingolipids. It also should be conveniently used to survey for low
concentrations of saikosaponins in plants and/or in experimental animals and humans.

8. Acknowledgement
This research was supported in part by Japan Science and Technology Agency, Grant-in-Aid
from the Ministry of Education, Culture, Sports, Science and Technology of Japan, the
research fund of Japan Society for the Promotion of Science (JSPS Asian Core Program) and
Takeda Science Foundation.

9. References
Akahori, A. (1980). Gendaitoyoigaku, 1., 45-50.
Chabraoui, F.; Derrington, E. A.; Mallie-Didier, F.; Confavreux, C.; Quincy, C. & Caudie, C.
(1993). Dot-blot immunodetection of antibodies against GM1 and other
gangliosides on PVDF-P membranes. J. Immunol. Methods, 165., 225-230.
Duarte, R. M.; Santos, E. B. & Duarte, A. C. (2003). Spectroscopic characteristics of
ultrafiltration fractions of fulvic and humic acids isolated from an eucalyptus
bleached Kraft pulp mill effluent. Water Res., 37., 4073-4080.
Fukuda, N.; Tanaka, H. & Shoyama, Y. (1999). Western blotting for ginseng saponins,
ginsenosides using anti-ginsenoside Rb1 monoclonal antibody. Biol. Pharm. Bull.,
22., 219-220.
Fukuda, N.; Tanaka, H. & Shoyama, Y. (2000). Applications of ELISA, western blotting and
immunoaffinity concentration for survey of ginsenosides in crude drugs of Panax
species and traditional Chinese herbal medicines.Analyst, 125., 1425-1429.
Fukuda, N.; Tanaka, H. & Shoyama, Y. (2001). Double staining of ginsenosides by Western
blotting using anti-ginsenoside Rb1 and Rg1 monoclonal antibodies. Biol. Pharm.
Bull., 24., 1157-1160.
Gomes, S. A.; Nogueira, J. M. & Rebelo, M. J. (2004). An amperometric biosensor for
polyphenolic compounds in red wine. Bios. Bioelec., 20., 1211-1216.
Granger, S. M.; Lloubes, R.; Murcia, G. & Schnarr, M. (1988). Specific protein-DNA
complexes: immunodetection of the protein component after gel electrophoresis
and Western blotting. Anal. Biochem., 174., 235-238.
Ishiyama, M.; Shoyama, Y.; Murakami, H. & Shinohara, H. (1996). Production of monoclonal
antibodies and development of an ELISA for solamargine. Cytotechnology, 18., 153-158.
Li, X. Q.; Gao, Q. T.; Chen, X. H. & Bi, K. S. (2005). High performance liquid chromatographic
assay of saikosaponins from Radix Bupleuri in China, Biol. Pharm. Bull., 28., 1736-1742.

www.intechopen.com

268

Quality Control of Herbal Medicines and Related Areas

Masters, D. B.; Griggs, C. T. & Berde, C. B. (1992). High sensitivity quantification of DNA
from gels and autoradiograms with affordable optical scanning. Biotechniques, 12.,
902-911.
Meisen, I.; Peter-Katalinic, J. & Muthing, J. (2004). Direct analysis of silica gel extracts from
immunostained glycosphingolipids by nanoelectrospray ionization quadrupole
time-of-flight mass spectrometry. Anal. Chem., 76., 2248-2255.
Miyamoto, T.; Yamamoto, A.; Sakai, M.; Tanaka, H.; Shoyama, Y. & Higuchi, R. (2006).
Immunochemical studies of starfish gangliosides: Production of monoclonal
antibody against AG-2, the major ganglioside of starfish acanthaster plancei, and
detecting its distribution in tissues by TLC immunostaining. J. Marine Biosci.
Biotech., 1., 298-304.
Morinaga, O.; Zhu, S.; Tanaka, H. & Shoyama, Y. (2006). Visual detection of saikosaponins
by on-membrane immunoassay and estimation of traditional Chinese medicines
containing Bupleuri radix. Biochem. Biophys. Res. Commun., 346., 687-692.
Ohtake, N.; Nakai, Y.; Yamamoto, M.; Sakakibara, I.; Takeda, S.; Amagaya, S. & Aburada, M.
(2004). Separation and isolation methods for analysis of the active principles of Shosaiko-to (SST) oriental medicine. J. Chromatogra. B., 812., 135-148.
Reig, J. A. & Klein, D. C. (1988). Submicrogram quantities of unstained proteins are
visualized on polyvinylidene difluoride membranes by transillumination. Appl.
Theor. Electrophor., 1., 59-60.
Root, D. D. & Wang, K. (1993). Silver-enhanced copper staining of protein blots. Anal.
Biochem., 209., 15-19.
Shan, S.; Tanaka, H. & Shoyama, Y. (2001). Enzyme-linked immunosorbent assay for
glycyrrhizin using anti-glycyrrhizin monoclonal antibody and an eastern blotting
technique for glucuronides of glycyrrhetic acid. Anal. Chem., 73., 5784-5790.
Suetake, K. & Yu, R. K. (2003). Thin-layer chromatography; immunostaining of glycolipid
antigens; and interpretation of false-positive findings with acidic lipids. Methods
Enzymol., 363., 312-319.
Tanaka, H.; Putalun, W.; Tsuzaki, C. & Shoyama, Y. (1997). A simple determination of
steroidal alkaloid glycosides by thin-layer chromatography immunostaining using
monoclonal antibody against solamargine. FEBS Lett., 404., 279-282.
Towbin, H.; Staehelin, T. & Gordon, J. (1979). Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets: Procedure and some applications.
Proc. Natl. Acad. Sci. USA, 76., 4350-4354.
Towbin, H.; Schoenenberger, C.; Ball, R.; Braun, D. G. & Rosenfelder, G. (1984).
Glycosphingolipid-blotting: an immunological detection procedure after separation
by thin layer chromatography. J. Immunol. Methods, 72., 471-479.
Weiler, E. W. & Zenk, M. H. (1976). Radioimmunoassay for the determination of digoxin
and related compounds in Digitalis lanata. Phytochemistry, 15., 1537-1545.
Zhu, S.; Shimokawa, S.; Tanaka, H. & Shoyama, Y. (2004). Development of an assay system
for saikosaponin a using anti-saikosaponin a monoclonal antibodies. Biol. Pharm.
Bull., 27., 66-71.
Zhu, S.; Shimokawa, S.; Shoyama, Y. & Tanaka, H. (2006). A novel analytical ELISA-based
methodology for pharmacologically active saikosaponins. Fitoterapia, 77., 100-108.
Zhu, S,; Morinaga, O,; Shimokawa, S,; Shon, T. K.; Lee, S. C.; Shoyama, Y. & Tanaka, H.
(2007). Eastern blotting and use of anti-saikosaponin a monoclonal antibodies for
detection of saikosaponins. J. Nat. Med., 61., 178-183.

www.intechopen.com

Quality Control of Herbal Medicines and Related Areas
Edited by Prof. Yukihiro Shoyama

ISBN 978-953-307-682-9
Hard cover, 282 pages
Publisher InTech
Published online 07, July, 2011
Published in print edition July, 2011
The authors of this thematic issue provide a comprehensive summary of most recent knowledge and
references on quality control in wide fields. Quality control is essential for natural products like natural medicine
and related food products. In this issue fifteen chapters have been included, discussing in detail various
aspects of quality control. It will certainly prove useful not only for phytochemical researchers, but also many
scientists working in numerous fields. Much effort has been invested by the contributors to share current
information. Without their efforts and input 'Quality Control of Herbal Medicine and Related Areas' could not
exist.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Osamu Morinaga, Xiao-Wei Li and Shunsuke Fujii (2011). Quality Control of Bupleurum Species by Newly
Established Eastern Blotting, Quality Control of Herbal Medicines and Related Areas, Prof. Yukihiro Shoyama
(Ed.), ISBN: 978-953-307-682-9, InTech, Available from: http://www.intechopen.com/books/quality-control-ofherbal-medicines-and-related-areas/quality-control-of-bupleurum-species-by-newly-established-easternblotting

InTech Europe

InTech China

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

