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We succeeded in developing the fingerprint of natural product by eastern blotting using monoclonal antibodies. After developing
and separating them on a TLC plate, solasodine glycosides are oxidized by NaIO4 and reacted with a protein to give conjugates
which are recognized with anti-solamargine monoclonal antibody (MAb). Anti-solamargine MAb having wide cross-reactivity can
stain and detect all solasodine glycosides by fingerprint. Different sensitivity between solamargine and solasonine was observed.
The detection limit was 1.6 ng of solasonine. The hydrolysed products of solamargine were determined by fingerprint of eastern
blotting compared to their Rf values depending on the sugar number. Fingerprint by eastern blotting using anti-ginsenoside Rb1
MAb distinguished the formula containing ginseng prescribed in traditional Chinese medicine. By double-staining of ginsenosides
it is possible to suggest that the staining color shows the pharmacological activity, such as the purple bands indicate ginsenosides
having stimulation activity, and the blue color indicated compound like ginsenosides possessed the depression affect for the central
nervous system (CNS), respectively.

1. Introduction

In the recent rapid development of the molecular biosciences
and their biotechnological applications, immunoassay sys-
tems using monoclonal antibody (MAb) against drugs and
small molecular weight bioactive compounds have become
an important tool for studies on receptor binding analysis,
enzyme assay, and quantitative and/or qualitative analytical
techniques in animals or plants; owing to their specific
affinity. Previously we prepared various kinds of MAb against
natural products like forskolin [1], solamargine [2], crocin
[3], marihuana compound [4], opium alkaloids [5], ginseno-
sides [6, 7], berberine [8], sennosides [9], paeoniflorin [10],
glycyrrhizin [11, 12], ginkgolic acid [13], aconitine alkaloid
[14], baicalin [15], and so on, and developed individual
competitive enzyme-linked immunosorbent assay (ELISA)
as a high sensitive, specific, and simple methodology.

Western blotting is widely used as an immunostaining
technique to detect high-molecular compounds like peptides

and proteins based upon an antigen-antibody reaction. How-
ever, low-weight molecular compounds had not been previ-
ously analyzed by western blotting. We succeeded the blotted
staining of solasodine glycoside on PVDF membrane using
MAb after developed and separated solasodine glycosides
on TLC and called as new-western blotting [16]. From
this evidence, we applied this new methodology to licorice
glycoside, glycyrrhizin, and named it as eastern blotting
[12] following ginsenosides [17–19] and saikosaponin [20],
and so on. In this paper, we introduce the fingerprint of a
steroidal alkaloid glycoside, solasodine glycoside and ginseng
saponin, ginsenosides by eastern blotting using MAbs.

2. Materials and Methods

2.1. Preparation of Anti-Solamargine MAb. A hybridoma
producing MAb reactive to solamargine was obtained by
the general procedure in our laboratory and classified into
IgG2b which had k light chains [2]. The reactivity of
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IgG type MAb, SMG-BD9, was tested by varying antibody
concentration and by performing a dilution curve. The
antibody concentration was selected for competitive ELISA.
The MAb following competition was bound to polystyrene
microtiter plates precoated with solamargine HSA. Under
these conditions, the full measuring range of the assay
extended from 20 to 400 ng/mL [2].

Anti-ginsenoside Rb1 [6] and Rg1 [7] were also prepared
by the same ways in our laboratory.

2.2. Fingerprint by Eastern Blotting [16]. Solasodine glyco-
sides were developed on a TLC plate. The TLC plate was
covered with the PVDF membrane and blotted by short
heating. The blotted PVDF membrane was dipped in water
containing NaIO4 under stirring at room temperature for
1 hr. After washing with water, a carbonate buffer containing
BSA was added and stirred at room temperature for 3 hr. The
PVDF membrane was washed twice with phosphate buffer
for 5 min, and then washed with water. The PVDF membrane
was immersed in anti-solamargine MAb, stirred at room
temperature for 1 hr. After washing the PVDF membrane
twice with phosphate buffer and water, a 1000-fold dilution
of peroxidase-labeled goat anti-mouse IgG in phosphate
buffer (pH 7.2) was added and stirred at room temperature
for 1 hr. The PVDF membrane was washed twice with
phosphate buffer and water, then exposed to 4-choloro-1-
naphthol (1 mg/mL)—H2O2 (0.03%) in phosphate buffer
(pH 7.2), and eastern blotting was stopped by washing with
water. The immunostained PVDF membrane was allowed to
dry.

2.3. Hydrolysis of Solasodine Glycosides and Stained by H2SO4,
Dragendorff, and Eastern Blotting. Solamargine and solaso-
nine were hydrolyzed by using 1 M HCl and heated for 10, 20,
30, 60, and 90 minutes, respectively. The hydrolyzed products
were applied on three silica gel TLC plates. Developments
were made by using CHCl3/MeOH/NH4OH (7 : 2.5 : 1) as
mobile phase. Two plates were sprayed with H2SO4 and
Dragendorff reagent, respectively. But the third TLC plate
was transferred to a PVDF membrane by heating and stained
as indicated above.

3. Results and Discussion

3.1. Fingerprint of Solasodine Glycosides by Eastern Blotting.
The natural resources of adrenocortical hormones and sex
hormones, which are mainly obtained from diosgenin, are
becoming rare. 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. By far the most common forms are
the triglycosides, solamargine being predominant. 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 pharmaceutical
and medicinal areas. Rapid, simple, highly sensitive, and
reproducible assay systems are required for a large number
of plants, and a limited small amount of samples. In order
to select the strain of higher yielding steroidal alkaloid
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Figure 1: Fingerprint of solamargine and solasonine by eastern
blotting.

glycosides in the resources of Solanum species we prepared
an anti-solamargine MAb which was unique having a wide
cross-reactivity [2].

Clear blue spots appeared on PVDF membrane as shown
in Figure 1, the immunostains of solamargine and solasonine
were observed. Lane 1–5 demonstrated the concentrations of
both alkaloids, 0.8, 1.6, 8, 40, and 200 ng, respectively. Dif-
ferent sensitivities between solamargine and solasonine were
observed in individual concentrations, and the sensitivity of
solasonine was somewhat higher than that of solamargine.
The detection limit was 1.6 ng of solasonine. We succeeded
to separate the function of small molecule compounds such
as solasodine glycosides into a part of epitope and fixing on
the membrane [16]. When glycosides are treated by NaIO4,
the sugar part is cleaved to release an aldehyde group which
is prepared a Schiff base with protein and then fixed to PVDF
membrane. On the other hand, an epitope can be detected by
MAb as described in Figure 2.

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 [M+H]+ of solamargine-
BSA conjugate appeared at around m/z 69043 in MALDI
mass spectrometry demonstrating that at least 1-2 molecules
of solamargine had combined [6] (data not shown). There-
fore, it became clear that the sugar moiety which was con-
jugated with BSA is necessary in this staining system. More-
over, we confirmed the above evidence that solasodine gly-
coside-protein conjugate is necessary for the eastern blotting
because solasodine which has no sugar moiety in a molecule
cannot be stained by eastern blotting although solasodine
can be stained by H2SO4 and Dragendorff reagent (see
Figures 3(b) and 3(c)).

As an application of finger printing by newly established
eastern blotting, the hydrolysis pathway of solamargine was
surveyed by eastern blotting using anti-solamargine MAb.
Solamargine was hydrolyzed using 1 M HCl for 10, 20,
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Figure 2: Staining mechanism of eastern blotting.
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Figure 3: Fingerprint of solasodine glycosides by eastern blotting (a), Dragendorff reagent (b), and sulfuric acid (c).

30, 60, and 90 minutes, respectively. The hydrolyzed pro-
ducts were developed by three silica gel TLC plates using
CHCl3/MeOH/NH4OH solvent system. Two plates were
sprayed and colored with H2SO4 and Dragendorff reagent,
individually. One TLC plate was blotted to a PVDF mem-
brane and stained by eastern blotting. Clear blue spots ap-
peared as shown in Figure 3. Figure 3(a) shows the eastern
blotting of solasodine glycosides. Lanes 1–6 demonstrate
solamargine, 10, 20, 30, 60, and 90 minutes hydrolyzed prod-
ucts, individually, solasodine, 3-O-β-d-glucopyranosyl sola-
sodine, l-rhamnosyl-(1-4)-O-3-β-d-glucopyranosyl sola-
sodine, l-rhamnosyl-(1-2)-O-3-β-d-glucopyranosyl solaso-
dine, and solamargine, respectively. This fingerprinting phe-
nomenon agreed with the structural confirmation of sola-
sodine glycosides elucidated by 13C NMR [21]. When com-
pared with the sensitivity of fingerprinting regarding sola-
sodine glycosides, the eastern blotting was more sensitive
than those stained by H2SO4 (Figure 3(b)) and Dragendorff
(Figure 3(c)).

We also analyzed the fingerprinting of Solanum species
as shown in Figure 4. The profile stained by H2SO4

(Figure 4(b)) indicated the complicated pattern which is not
limited to solasodine glycosides compared to the eastern
blotting profile (Figure 4(a)). Major solasodine glycoside
are solasonine, solamargine, and khasianine as indicated in
Figure 4. From the survey of solasodine glycoside we decided
that S. khasianum is an important resource of adrenocortical
hormones and sex hormones.

Moreover, we succeeded to breed the strain of higher
yielding solasodine glycoside by inducing the single chain
Fv gene cloned from anti-solamargine MAb into Solanum
khasianum plant [22].

3.2. Fingerprint of Ginseng Saponin, Ginsenoside, by Eastern
Blotting. Ginseng, the crude drug of Panax ginseng is one
of the most important natural medicine in many countries.
It has been used to enhance stamina and capacity to cope
with fatigue and physical stress, and as a tonic against
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Figure 4: The eastern blotting (a) and TLC stained with sulfuric acid (b) of solasodine glycosides from Solanum spp.

cancers, disturbances of the central nervous system (CNS),
hypothermia, carbohydrate and lipid metabolism, immune
function, the cardiovascular system, and radioprotection
[23]. They contain more than 50 kinds of dammarane and
oleanane saponins considered to be pharmacologically active
components. Ginsenoside Rb1 is a main saponin in ginseng.
However, since the concentration varies in the ginseng root
or the root extract depending on the method of extraction,
subsequent treatment, or even the season of its collection,
standardization of quality is required. For this purpose we
have prepared anti-ginsenoside Rb1 [6] and Rg1 MAbs [7].

Cross-reactivity is the most important factor in deter-
mining the value of an antibody. Since the ELISA for
ginsenoside Rb1 was established for phytochemical investi-
gations involving crude plant extract, the assay specificity
was checked by determining the cross-reactivity of the MAb
with various related compounds. The cross-reactivity data
of MAb that was obtained were examined by competitive
ELISA and calculated using picomole of ginsenoside Rb1.
The cross-reactivity of ginsenoside Rc and Rd which possess
a diglucose moiety attached to the C-3 hydroxy group were
weak compared to ginsenoside Rb1, 0.024 and 0.020%,
respectively. Ginsenoside Re and Rg1 showed no cross-
reactivity (less than 0.005%). It is evident that the MAb
reacted only with a small number of structurally related
ginsenoside Rb1 molecules very weakly and did not react
with other steroidal compounds like glycyrrhizin, digitoxin,
tigogenin, tigonin, and solamargine. Anti-ginsenoside Rg1
MAb [7] and Re [18] have been prepared and set up their
ELISA. Anti-ginsenoside Rg1 MAb was also high specific like
anti-ginsenoside Rb1. On the other hand, anti-ginsenoside
Re MAb showed wide cross-reactivity. Therefore, this MAb
can be used for the analysis for the total ginsenoside con-
centration.

Figure 5 shows the H2SO4 staining and eastern blot-
ting of ginsenoside standards and the traditional Chinese
medicine (TCM) using anti-ginsenoside Rb1 MAb. It is
impossible to determine the ginsenosides by TLC-staining
by H2SO4 as indicated in Figure 5(a). On the other hand,

clear staining of ginsenoside Rb1 occurred by eastern blotting
(Figure 5(b)). Furthermore, it became evident that kikyoto
and daiokanzoto prescriptions related to TCM prescription
that did not contain ginseng indicating no band of gin-
senoside Rb1. The eastern blotting method was considerably
more sensitive than that of H2SO4 staining. The H2SO4

staining detected all standard compounds. The Eastern
blotting indicated only limited staining of ginsenoside Rb1,
Rc, and Rd, of which cross-reactivities were under 0.02%. We
suggest that an aglycon, protopanaxadiol, and a part of the
sugars may be of importance to the immunization and may
function as an epitopes for the structure of ginsenosides. In
addition, it is suggested that the specific reactivity of sugar
moiety in the ginsenoside molecule against anti-ginsenoside
Rb1 MAb may be modified by the NaIO4 treatment of
ginsenosides on the PVDF membrane causing ginsenoside
Rc and Rd to become detectable by eastern blotting.

When the mixture of anti-ginsenoside Rb1 and Rg1
MAbs and the pair of substrates were tested for staining of
ginsenosides, all ginsenosides, ginsenoside-Rb1, -Rc,-Rd,-Re,
and -Rg1 were stained blue although the purple color
staining for ginsenoside Rg1 was expected because 3-
amino-9-ethylcarbazole and 4-chloro-1-naphotol might be
different. Therefore, we performed successive staining of
the membrane using anti-ginsenoside Rg1 and then anti-
ginsenoside Rb1. Finally, we succeeded: the double-staining
of ginsenosides indicating that ginsenoside Rg1 and ginseno-
side Re were stained purple and the other blue, as indicated in
Figure 6. From this result, both antibodies can distinguish in-
dividual aglycon protopanaxatriol and protopanaxadiol. For
this application, the crude extract of various Panax species
were analyzed by the newly developed double-staining
system. Major ginsenosides can be determined clearly by the
double staining method indicated in Figure 6 as the finger-
print of ginsenosides. Therefore, it is possible to suggest that
the staining color shows the pharmacological activity, such
as the purple bands indicate ginsenosides having stimulation
activity for the CNS. On the other hand, the blue color
indicates ginsenosides possessing the depression affect for
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Figure 5: TLC stained with sulfuric acid (a) and eastern blotting (b) of ginsenosides in traditional Chinese medicine (TCM) prescriptions
by anti-ginsenoside Rb1 MAb.
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Figure 6: Double-staining of eastern blotting for ginsenosides contained in various ginseng using anti-ginseenoside-Rb1 and anti-
ginsenoside-Rg1 monoclonal antibodies. (a) TLC profile stained by sulfuric acid, (b) Eastern blotting by anti-ginsenoside-Rb1 and anti-
ginseside-Rg1 monoclonal antibodies. I, 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-ginsenoside-Rg1 and anti-ginsenoside-Rb1 monoclonal antibodies, respectively.
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the CNS. Moreover, the Rf value of ginsenosides roughly
suggests the number of sugars attached to the aglycon.
Both analyses make it possible to identify which aglycon
attaches and how many sugars combine, leading to the struc-
ture of ginsenosides. In fact, three kinds of ginsenosides pos-
sessing protopanaxadiol-ginsenoside Rh1, Rf, and 20-O-
gluco-ginsenoside Rf in P. ginseng root were determined by
coloring and Rf value by comparing them with the structures
reported in the previous paper [19].

4. Conclusion

Fingerprint by eastern blotting method can open its appli-
cation for the wide field of natural products, especially gly-
cosides like solasodine glycosides and ginsenosides. An MAb
having a wide cross-reactivity like anti-solamargine MAb
can distinguish the total solasodine glycosides. On the other
hand, a high specific MAb like anti-ginsenoside Rb1 MAb
can be used for the detection of a single antigen compound.

When two kinds of MAbs can be used, the double-stain-
ing is possible as the staining system enhanced the separate
staining of ginsenosides having protopanatriol or protopan-
axadiol in a molecule. The staining color can monitor the
pharmacological activity suggesting the stimulation activity
and/or the depression affect for the CNS. Furthermore, the
Rf value of solasodine glycosides and ginsenosides suggests
the number of sugars attached to the aglycon. Both evidences
make it possible to confirm which aglycon attaches and
how many sugars combine to the aglycon resulting the con-
firmation of structure for glycosides. Therefore, the finger-
print stained by eastern blotting using MAb could provide a
new strong methodology in the wide field of natural product
investigation.
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