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Abstract

Eastern blotting was developed for small molecule compounds which have no affinity of conjugation to membrane
instead of western blotting. Crude extracts of medicinal plants were developed by TLC plate followed to be blotted to
polyvinylidene fluoride or polyether sulfone membrane by heating. Components on membrane were conjugated with
carrier protein resulting in fixing to membrane. Staining was followed to western blotting system using monoclonal
antibody (MAb). Four types of natural products, solasodine glycosides, aristrochic acid, glycyrrhizin-liquiritin and
ginsenosides were discussed in this review. 1) Solasodine glycosides are selected as an example of staining for
almost all solasodine glycosides using the anti-solamargine MAb having wide cross-reactivity. 2) Aristrochic acids
possess no capacity of conjugation with membrane and their aqueous solubility is quite poor. To improving them,
aristrochic acids should be synthesized for conjugation with carrier protein in order to combine to membrane. 3) Two
different types of marker components in licorice, triterpene glycoside; glycyrrhizin and flavonoid glycoside; liquiritin
can be detected by double eastern blotting. 4) Ginsenosides are also detected by double eastern blotting and this
system might be possible to clear the distribution of ginsenosides in tissue for understanding of pharmacological
activity.

L J

used widely. However, since small molecular compounds are ruled out
from western blotting, a new staining system for small molecule
compounds might be required. Therefore we separated the function of
western blotting into 3 steps; separation of compounds by thin-layer
chromatography (TLC), blotting to polyvinylidene fluoride (PVDEF) or
polyether sulfone (PES) membrane and finally staining by MAD. Since
blotted compounds on PVDF or PES membrane are easily washed out
by washing, the compounds on membrane were combined with carrier
protein resulting in fixing on membrane and then staining. For the
conjugation of antigen molecule to carrier protein two methods were

Keywords: Eastern blotting; Monoclonal antibody; Solasodine
glycoside; Aristolochic acid; Glycyrrhizin; Liquiritin; Ginsenoside

Introduction

Recently immunoassay systems using monoclonal antibody (MAb)
against drugs and bioactive compounds having small molecular weight
have become an important tool in wide field. We prepared many MAbs
against natural products like forskolin [1], solamargine [2], crocin [3],
marihuana compound [4], opium alkaloids [5], ginsenosides [6,7],

berberine [8], sennosides [9,10], paeoniflorin [11,12], glycyrrhizin
(GC) [13,14], saikosaponin [15-17], ginkgolic acid [18], aconitine
alkaloid [19] and baicalin [20]. More recently MAbs against
capsaicinoids [21], artemisinin [22,23], luteoloside [24], daidzin [25]
and puerarin [26] have been prepared and developed individual
competitive enzyme-linked immunosorbent assay (ELISA) as a high
sensitive, specific, and simple methodology resulting in screening of
medicinal  plants  targeting  bioactive = component  [27],
pharmacokinetics for capsaicinoids [21] artemisinin [28], and
ginsenoside Rb1 and Rgl [29].

The one-step purification of the target component which is an
antigen molecule like forskolin [30], ginsenoside Rb1 [31], solasodine
glycosides [32], GC [33] and naringin [34] by immunoaffinity column
conjugated with MAb has been succeeded. In the case of GC the
extract eliminated GC was tested the biological activity and confirmed
that the extract seemed to be a knockout extract [35-37].

As an immunostaining technique to detect higher molecular
compounds like peptides and proteins using MAb western blotting is

used; one is oxidative cleavage of sugar moiety releasing the aldehyde
group which can be conjugated to carrier protein, and the other is
expanding of function by appropriate linker resulting in an antigen
molecule and carrier protein conjugate on the membrane. This
methodology has been applied for several natural products like
solasodine glycosides in Solanum spp. [38], saikosaponin in
Bupleurum spp. [39], sennosides in Rheum spp. [40], ginsenosides in
Panax spp. [41,42], GC [14] and liquiritin (Liq) [43] and so on.
Therefore, we will discuss four types of natural products, solasodine
glycosides, aristrochic acid, GC and ginsenosides in this review.
Solasodine glycosides are selected as an example of staining for almost
all solasodine glycosides using the MAb having wide cross-reactivity.
Aristrochic acid should be synthesized for conjugation with carrier
protein in order to combine to membrane compared to the other
groups. In the case of licorice we selected two different types of marker
components, triterpene glycoside; GC and flavonoid glycoside; Liq for
fingerprinting by double eastern blotting. Final ginsenosides are the
delegation of double eastern blotting for recognizing of
pharmacological activity.
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Solanum species

Figure 1: Solanum khasianum C. B. Cl. and fruiting.

The natural resources of adrenocortical and sex hormones, which
are mainly obtained from diosgenin purified from Dioscorea saponin,
are decreasing. The most important feature of solasodine is that it can

be converted to dehydropregnenolone. Solasodine is found with a
series of sugar residues attached to the oxygen at the C-3 position. The
most common forms are the triglycosides, solamargine being
predominant [44]. Therefore, the steroidal alkaloid glycosides of the
solasodine type like solamargine have become important as a starting
material for the production of steroidal hormones in the market. In
order to analyze the concentration of solasodine glycosides in Solanum
spp. (Figure 1). we prepared MAD against solamargine having wide
cross reactivity for almost all solasodine glycosides [2] which can be
used as resources for steroidal hormones. Figure 2 indicates the cross-
reactivities of MAb against solamargine. Other steroidal compounds,
however did not cross-react with anti-solamargine MAb. Judging from
above findings, it is clear that an aglycone and part of the glucose are
immunogenetic resulted in that almost all solasodine type glycosides
can be detected by anti-solamargine MAb.

Solasodine glycosides were applied to two TLC plate and developed
by developing solvent system [38]. One plate was sprayed and colored
with H,SO,4. The other plate was blotted to a PVDF membrane by
heating. The PVDF membrane was treated with sodium periodate
releasing aldehyde group in a molecule followed to add BSA solution.
Conjugate reaction occurred between aldehyde and BSA to give a shif
base which combines to PVDF membrane. Figure 3 shows the pathway
of solasodine glycoside-BSA conjugate on PVDF membrane.
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Figure 2: Cross-reactivity of MAD against steroidal alkaloids.
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Figure 3: Schematic pathway of solasodine glycoside for eastern
blotting.

In order to confirm the preparation of solamargine-BSA conjugate
on the PVDF membrane, the band corresponding to the solamargine-
BSA conjugate was assessed by MALDI mass spectrometry. A broad
peak of solamargine-BSA conjugate appeared at around m/z 69043 in
MALDI mass spectrometry indicating clear conjugation between
solamargine and BSA occurred because BSA molecule is 66464.
Therefore, it becomes clearly that the sugar moiety which was
conjugated with BSA is necessary in this staining system. Then after
anti-solamargine MAb was added to the membrane which was treated
with peroxidase labeled secondary MAb and a substrate. Figure 4
indicated the fingerprinting by eastern blotting for several solasodine
glycosides using anti-solamargine MAb. All of solasodine glycosides
can be stained.

1234567 891011

Figure 4: Fingerprinting by eastern blotting for several solasodine
glycosides using anti-solamargine MAb. Lines 1 to 11 are

solamargine, solasonine, khasianine, 3-O-B-D-glucopyranosyl
solasodine, O-a-L-rhamnosyl-(152)-3-O-B-D-glucopyranosyl-
solasodine, 3-O-B-D-galacopyranosyl-solasodine, O-p-D-

glucopyranosyl-(1-3)-3-O-B-D-galacopyranosyl-solasodine,
solaverine I, solaverine II, 12-hydroxysolamargine and 12-
hydroxysolasonine, respectively. Two ug of samples were applied for
TLC, respectively.
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Figure 5: The eastern blotting (A) and TLC stained with H,SO, (B)
of Solanum spp. Lines 1 to 15 are solasonine, solamargine, S.
khasianum, S. Iyratum, S. spirale, S. melongena, S. stramonifolium,
S. verbascifolium, S. indicum, S. aculeatissimum, S. trilobatum, P
minima, S. wrightii, S. torvum and S. nigrum, respectively.

Figure 5A showed the fingerprinting of Solanum spp. by eastern
blotting using anti-solamargine MAb. It clearly showed that
solamargine and solasonine are major solasodine glycosides in
Solanum spp. and solasodine mono-glycoside can be detected in only
S. khasianum. On the other hand the fingerprinting by H,SO, (Figure
5B) indicated complicated pattern, because that H,SO, detected the
other type of glycosides like triterpene and/or steroidal components.
The present methods are useful to determine solasodine-type
glycoalkaloids. The combination assay method of their ELISA [2] and
eastern blotting can be routinely used to survey natural resources for
solasodine glycosides as a simple and rapid analysis. As we previously
reported when analysis of lower concentrations of solasodine
glycosides is required an immunoaffinity column conjugated with anti-
solamargine MADb is available. The elution from the column
concentrates the solasodine glycosides. Therefore, an immunoafhinity
column, ELISA and eastern blotting represent strong methodology for
detection, quantitative analysis, and single step isolation for total
solasodine glycosides [33].

Aristolochia species

Aristolochic acids (AAs), naturally occurring nephrotoxicants and
human carcinogens, are associated with the development of a rapidly
progressive interstitial nephritis called aristolochic acid nephropathy
(AAN) [45], and may also be a cause for the Balkan Endemic
Nephropathy (BEN) [46](Figure 6). AAs are a mixture of structurally
related nitrophenanthrene carboxylic acids [47]. Among them,
aristolochic acid I (AA-I, Figure 7) and its 8-demethoxylated form,
aristolochic acid II (AA-II, Figure 7), are considered to be of particular
significance [48,49].
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Figure 7: Structures of aristolochic acids.

It has been revealed that both AA-I and AA-II possess
nephrotoxicity and/or genotoxicity [50-52]. AA-I and AA-II were
found in the herbal medicines of Aristolochiaceae plants including
Aristolochia and Asarum species [45,47,53], which have been
prescribed for the traditional Chinese medicines (TCM) for centuries.
Since the first evidence that the interstitial renal fibrosis rapidly
progressed to end-stage of renal disease caused by the misuse of a
slimming regimen containing AAs was reported in Belgium during
1990s [54], many countries started to regulate the herbs and
supplements derived from Aristolochia and Asarum species. Although
several species are listed in Chinese Pharmacopoeia in China, the
number has been decreasing. Asiasarum sieboldii F Maekawa and
Asiasarum  heterotropoides F. Maekawa var. mandshuricum FE
Maekawa are still listed in the Japanese Pharmacopoeia (2011 edition)
and severe quality control is described such as no detection of AAs by
HPLC. In order to minimize the potential health risk aroused by AAs,
a simple and sensitive method allowing visual detection might be
highly required for the screening of a large number of herbal samples
containing AAs. Detection methodology of AA-I and AA-II has been
extensively reported, mainly focusing on the development of HPLC
methods [55-57]. Compared to HPLC analysis, immunoassay systems
have been proving simpler, more environmental-friendly and more
rapid. For those benefits, ELISA using anti-AAs polyclonal antibody
(PAD) [58] and anti-AA-I and AA-IVa MADb [59] have been reported
previously. We also prepared anti-AA-II MAD [60] and anti-AA-I and -

II MADbs [61], and then investigated the localization of aristolochic
acids in mice kidney [62] resulting in finding of a-actinin-4 as a
possible target protein for aristolochic acid I in human kidney cell [63].
However, no immunostaining technique utilizing anti-AA MAb or
anti-AA PAD has succeeded yet, due to the fact that AAs possess no
capacity of conjugation with membrane and their aqueous solubility is
quite poor. AAs, as the small molecules, will be easily washed out by
buffer solutions during immunostaining process without fixation as
previously described in solasodine glycosides which can be cleavage on
sugar moiety to give aldehyde group in a molecule. Therefore, special
fixing step was necessary so that AA could be blotted onto a membrane
from the developed TLC plate. To facilitate the fixation to membrane, a
modified carboxyl activation method was employed. 1-Ethyl-3-(3’-
dimethylaminopropyl) carbodiimide hydrochoride (EDC) method was
commonly used to link the carboxyl groups of small molecular
compounds to the amine groups of protein. We have been successfully
prepared for immunization for various kinds of conjugates, succinate
method like forskolin [64] and crocin [3], and conjugate with BSA
through alanine in marihuana compound [65]. Considering the fact
that the addition of N-hydroxysuccinimide (NHS) could improve the
stability of the intermediate and enhance the yield [66], the routine
procedure was thereby improved by the addition of NHS together with
EDC. After adding NHS, the carboxyl group of AA-I could be
activated to form a semi-stable NHS ester. This intermediate can be
coupled with the amine groups of carrier protein like BSA, resulting in
the formation of AA-I-BSA conjugate which can be fixed on the PES
membrane.

Figure 8 indicated the pathway of AA-1-BSA conjugate preparation
which created a function of conjugating with PES membrane. The
membrane was stained by the same way as previous solasodine
glycosides using anti-AA-I MAD, secondary MAD and finally substrate,
4-chloro-1-naphthol. The other TLC plate developed was detected by
UV light at 254 nm.

COOH ﬁ °
O :
( O } 0 (“..O/N
0 g NO:  epc, nHS < O No. O
=T . NO,
(pH 4.7) O
OCH,
semi-stable intermediate

BSA
{pH 7.0)

Anti-AA-1 and AA-Il MADb
0 E"._H_ ~BSA
NH
\%m:

OCH;

PES Membrane

Figure 8: Scheme of synthetic pathway of AA-I and AA-II conjugate
with BSA.

Figure 9 indicated the fingerprinting profiles of plant extracts by
eastern blotting and TLC plate detected by UV light at 254 nm.
Although many spots including AAs and ALs were detected in
Aristolochia species at 254 nm (Figure 9B), only AA-I and AA-II were
detected by eastern blotting (Figure 9A). As shown in Figure 9A the
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stem of A. manshuriensis (Lane 1), the root of A. cinnabarina (Lane 3)
and the root of A. contorta (Lane 4) were stained clearly on the
membrane, whereas the root of A. fangchi (Lane 2), the root of A.
debilis (Lane 5), the whole plant of A. mollissima (Lane 6) and the fruit
of A. contorta (Lane 8) were stained weakly. On the other hand, the
other species and the root parts could not be stained. It was suggested
that the established eastern blotting system based on anti-AA-I and
AA-II MAD was considerably more specific than TLC method.

(A)

s e

R S e R A i

Figure 9: Fingerprinting of Aristolochea and Asarum species stem
by eastern blotting (A) and UV on TLC (B).

Licorice

Glycyrrhiza species (Leguminosae) is perennial plants growing up
to 1.5 m high. These plants are generally distributed in drylands
between Western Europe to Russia and particularly abundant in China
and Mongolia. Licorice, the root of Glycyrrhiza species, is listed in
Material Medica and Shennong Ben Cao Jing as an important and safe
medicine, and therefore it is well-known that one of the most
important herb medicine used in TCM and prescribed with other herb
medicine in 70% of prescription for a tussive, expectorant and
corrigent, treatment of nervous, alimentary, respiratory, endocrine,
and cardiovascular system diseases and so on [67]. These
pharmaceutical properties are mainly due to GC which has protein
inhibitory activity, anti-ulcer and anti-viral activities [68-70] and is

now used for protection of the lever and as an anti-allergic during this
fifty years in Japan [71]. Major species, G. uralensis Fisch (Figure 10)
and G. glabra Linne are listed in the Japanese pharmacopoeia. Five
hundred or more components have been identified in licorice,
including GC which is controlled at a concentration of more than 2.5%
and a flavonoid, Liq has a quantitative limitation in Japanese
Pharmacopoeia too (Figure 11). Flavonoids have also wide
pharmacologically ~active spectra like anti-hepatotoxic, anti-
inflammatory, anti-ulcer, anti-allergenic, and anti-viral activities as
well as cardioprotective activities [72-76]. Licorice is also widely used
as a sweetener in the production of confectioneries, soy sauce and is
therefore in high demand worldwide. An anti-GC MAb was prepared
in our laboratory [14] and we previously reported on the synergistic
effects of GC and other constituents [37], the interfacial behavior of
GC [77], and the identification of Glycyrrhiza species with higher GC
content [27]. More recently we found that two flavonoids,
isoliquiritigenin and formononetin promote in vitro fertilization [78].

Figure 10: Glycyrrhiza uralensis Fisch and its flowering.
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GC and Liq are two major components in licorice that have well-
known pharmacological activities as documented above. Quality
control of licorice root is needed to assure uniformity in the
concentrations of these compounds, which can differ according to
licorice species, growth plce, and harvest season, and so on. We also
previously prepared MAbs against Liq [43] for quality control of
licorice in order to make evident the resource of licorice for further
researches.

We discussed eastern blotting for solasodine glycoside using anti-
solamargine MAb having wide cross-reactivity previously. On the
other hand we prepared a high specific anti-GC MAb indicating that
the cross-reactivity of aglycone of GC, glycyrrhetic acid and
glycyrrhetic acid-mono-glucuronide were 2 and 4%, respectively [14].
MADb against Liq is almost same with that of GC although an aglycone
of Liq has lower cross-reactivity [14]. Therefore, double eastern
blotting of GC and Liq was performed on the basis of the previously
described methodology. Moreover, although a double eastern blotting
had been developed for detecting structurally related compounds such
as ginsenosides (dammarane-type triterpenoid saponin) [41] and
sennosides (anthraquinone glycoside) [40], detecting two compounds
that differ chemically such as GC (triterpenoid saponin) and Liq
(flavonoid glycoside) has not been achieved yet.

GC, glycyrrhetinic acid, Liq, liquiritigenin and a sample extract
solution were applied to the TLC plate and developed with butanol-
water-acetic acid solvent system After blotting from the TLC plate to
the PES membrane, the blotted membrane was treated with a sodium
periodate solution and then treated with BSA solution. The membrane
was treated with anti-GC MAb, peroxidase-labeled secondary
antibody, and 3-amino-9-ethylcarbazole. For successive staining by
anti-Liq MADb, the PES membrane was treated in the same manner as
the anti-GC MADb except that it was exposed to 4-chloro-1-naphthol.

GC and Liq on the membrane can be detected by labeling with anti-
GC and anti-Liq MAbs (Figures 12B and 12C). However, two
aglycones cannot be stained by eastern blotting (Figure 12B) because
unlike TLC (Figure 12A), there are no sugar moieties that can be
conjugated to the membrane as previously conformed in solasodine
glycoside.

(A) (B) (C)
Glycyrrhetinic acid
Liquiritigenin = " Ligee e & + -
Licy o - -
[ rTEe—
GL = -
123456 78

1.2 3 4 1 2 3 4

Figure 12: Double eastern blotting (B, C) using anti-GL and anti-Liq
MAbs and sulfuric acid staining (A) for GL and Liq.

Samples 1 ~ 4 are GC, glycyrrhethic acid, Liq and liquiritigenin in
(A) and (B), respectively. Samples 1 ~ 8 in (C) are GL and Liq standard
solution as 20, 10, 5, 2.5, 1.25, 0.63, 0.31 and 0.16 pg, respectively.

Because 4-chloro-1-naphthol and 3-amino-9-ethylcarbazole were
compatible with a peroxidase-labeled secondary antibody, double
eastern blotting was employed for these substrates. 4-Chloro-1-
naphthol was found to be unsuitable for GC analysis in licorice and
licorice products because the bands were unclear. Instead, 3-amino-9-
ethylcarbazole was selected for GC staining, which give a reddish color.
Thereby, Liq gave a purple color when stained with 4chloro-1-
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naphthol. These results demonstrate that 3-amino-9ethylcarbazole and
4-chloro-1-naphthol were suitable for the detection of GC and Lig,
respectively. In evaluating the sensitivity of double eastern blotting,
various concentrations of GC and Liq were detected using anti-GC and
anti-Lig MAbs. The colored GC and Liq spots appeared by double
eastern blotting at a minimum of 0.63 ug. Although GC, Liq, and their
aglycones, glycyrrhetinic acid and liquiritigenin, can be detected by
sulfuric acid staining, double eastern blotting using anti-GC and anti-
Liq MADs can only detect GL and Liq. The advantage of using double
eastern blotting compared to TLC analysis, is that it is possible to
identify GC and Liq in impure or crude sample extracts without any
standard compounds and their retention factors. Another advantage of
this immunostaining system is that it enables identification of licorice
from different plant species based on a one-step analysis, although
licorice contains nearly 500 constituents, which normally would result
in complicated component patterns, making it nearly impossible to
identify licorice without suitable pretreatment using TLC and HPLC.
Moreover, although several compounds and other crude drugs are
present in Kampo medicine, the concentrations of GC and Liq in
various Kampo medicines were in good agreement with the color
depth and band size of the stains by double eastern blotting.

Ginseng

Genus Panax mainly includes 4 species, P ginseng, P japonicus, P,
quinquefolium and P, notoginseng. Among them, P, ginseng was listed
as the upper class medicine in Shén néng bén cio jing nearly 2
thousand years ago and has the centuries-old history. It has been used
in forms of extract, powder, tea, tablet, capsule, etc., for their ability to
enhance physical performance and for their adaptogenic effects, which
are believed to increase the body’s ability to fight stress, increase
resistance to disease by strengthening normal body function, and
reduce aging process. Phytochemical of ginseng has been studied
extensively and, to date, more than 100 dammarane-type triterpene
oligoglycosides, generally named as ginsenosides such as ginsenosides
Rb1, Rb2, Rgl, Rd, Re, have been identified [79,80] (Figure 13).

Figure 13: Panax ginseng C. A. Meyer and its fruiting.

Regarding eastern blotting we already discussed three types of
compounds like solasodine glycosydes in Solanum spp., aristolochic
acids in Aristolochia species and GL and Liq in Glycyrrhiza species.
Solasodine glycosides are an example of determination for all
solasodine glycosides using MAb having wide cross-reactivities. Next
we discussed how to conjugate to membrane for compounds having no
sugar moiety in a molecule using aristolochic acids. In licorice two
types of compound like triterpene glycoside and flavonoid could be

detected by double eastern blotting. In this section double eastern
blotting system can be used for staining for ginseng saponins.

However, since 100 ginsenosides have been isolated and elucidated
structures, the identification of individual ginsenosides is not easy.
However, two MAbs against ginsenoside Rb1 and ginsenoside Rgl can
recognize almost all ginsenosides although two MAbs are specific
(81,82].

There are two types of ginsenosides related to aglycone,
protopanaxdiol and protopanaxtriol. Therefore we prepared two MAb
against ginsenoside Rbl and Rgl [6,7]. Figure 14 indicated two types
of ginsenoside, ginsenoside Rbl and ginsenoside Rgl. Difference
between two ginsenosides is the position of glucose conjugation to
aglycone. In the case of ginsenoside Rb1 no glucose conjugated at C6
positon. On the other hand ginsenoside Rgl has one glucose
conjugated at C6 hydroxyl group.

Figure 14: Structure of ginsenoside Rbl (A) and ginsenoside Rgl
(B).

Figure 15 showed the double eastern blotting (B) and H,SO,
staining (A) of various Panax species. Pinkish spots indicated
ginsenoside Rgl and Re possessing protopanaxatriol as an aglycone.
On the other hand, blue color showed ginsenoside Rb1l and Rc and so
on which have protopanaxadiol in a molecule. It is suggested that the
specific reactivity of the sugar moiety in the ginsenoside molecule
against MAb may be fortunately modified by sodium periodide
treatment of ginsenoside on the membrane resulting in wide cross-
reactivity although the protopanaxadiol and protopanaxatriol groups
are still recognized each other. If anti-ginsenoside Rbl MAb will be
used, all ginsenosides having protopanaxadiol as an aglycone can be
stained. Anti-ginsenoside Rgl can stain almost all ginsenoside having
protopanaxatriol as an aglycone. This double eastern blotting has the
other function because ginsenosides of protopanaxadiol group have
the suppressive activity for central nervous system [83]. On the other
hand ginsenosides having protopanaxatriol indicate excite activity for
central nervous system [84]. Therefore, Figure 15 indicates that blush
color ginsenosides have the suppressive activity and pinkish
ginsenosides have exciting activity. Therefore, it becomes evident that
we will be able to evaluate the pharmacological activity against
ginsenosides by double staining using anti-ginsenoside Rbl and Rgl
MAb.

Since we have succeeded to determine the distribution of
ginsenoside Rbl in ginseng tissues [84,85], our previous result of
pharmacokinetics for ginsenosides Rb1 and Rgl [29] makes it possible
clear the distribution of ginsenosides Rbl and Rgl in tissues.
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Furthermore, it might be possible to confirm the distribution of
ginsenoside Rbl and Rgl in a brain by double eastern blotting using
anti-ginsenosides Rb1 and Rgl MAbs in order to make evident the
relation between the structure of ginsenoside and pharmacological
activity in central nervous system as suggested previously.

(B)

Ginsenoside-

VvV WV |

[ v vV
Figure 15: H,SO, staining (A) and double eastern blotting (B) of
various Panax spp. II, III, IV, V and VI indicated white ginseng, red
ginseng, fibrous ginseng (Panax ginseng), Panax notoginseng,
Panax quinquefolius and Panax japonicus, respectively. Upper
purple color spots and lower blue color spots were stained by anti-
G-Rgl and anti-G-Rb1l monoclonal antibodies, respectively.

Conclusion

In this review, we described the eastern blotting for quality control
of natural products. Eastern blotting is an on-membrane
immunestaining and quantitative analysis system for natural products.
We introduced several examples such as solasodine glycosides,
aristrochic acid, GC, Liq, and ginsenosides. The MAbs which we
prepared have different cross-reactivities against each target
compounds. By using the useful property of these MAbs, eastern
blotting is specific and sensitive compared with TLC to determine the
target compounds in crude extracts of medicinal plants. Double
eastern blotting made possible to detect two different compounds in
same membrane using different substrates for secondary antibodies.
Moreover, the histochemical study of plant using eastern blotting is
possible to investigate the distribution of target compounds in the
sliced plant. In addition, eastern blotting also made possible the
detection of target compounds in biological sample like tissue. These
applications using eastern blotting may open the possibility to develop
the quality control of natural products, and to apply the analysis of
plant morphology and biological study related with natural products.
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