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BFENY T —3 g VRBROMER, FNEIO mAb % 7o ELISA (2B T SSb2 X, 1.95—125 ng/ml
(LOD: 2.13 ng/ml)[Ochi et al., J. Nat. Med., 78(2024)160], [LU#& - GP (. 0.391 —12.5 pg/ml (LOD: 0.314
pg/ml)[Noguchi et al., Fitoterapia, 174(2024)105829], BfFZ® HP (%, 1.56—25.0 ng/ml (LOD: 1.12 ng/ml)[Noguchi et
al., Phytochem. Anal., 34(2023)652] DR FEFEPHN TENZIOAEZE - JH BB OEENFAEETH V| L LT
ELISA N ZNENDOERHIE & L TEWEE, RHERORREZRT 2 E BRI LNE R o7,

e T, BEAFOPUR R OB 72 A VERL L 72 BT & O T 4y R A3 B rTRE 72 38 05 AL 5 = 26 2 D VBT A 5
DL A BEE LT, %67 GC KU SA O 2 FlifHA FREERy & T 2 K H 85 O SVE FHIE DML 21T > 72,
GC-mAb } ' SA-mAb Z Z N EIa &k DR 5 &+ K> M(QDs)? QDs705 & Tf QDs625 THEGT 2 Z &
. QDs705-labeled GC-mAb & 8 QDs625-labeled SA-mAb & FHHL L 7=, IRIZ, ZH 24 1 %4y 2 (QDs705-labeled
GC-mAb XX QDs625-labeled SA-mAb), 2 %47 5% (QDs705-labeled GC-mAb }2 ) QDs625-labeled SA-mAb) D FLISA
~ERHT 5 Z LT GC KU SA OFRIFFERERDOHESE L BHig Lic, TORRE, GC I, 0.0977—3.13 pg/ml (LOD:
0.105 pg/ml), SA %, 0.391—12.5 pg/ml (LOD: 0.525 pg/ml) D& FEFFHN T 2 R R ERNAIEETH D Z £N
HI L7z, F£72. GC & GRby © 2 FHA R & T 2 ZMAGITOW TS SVEFHE DML 2 it L7z, GC-
mAb %' GRb;-mAb % EFC[EIEEIC QDs705 & TF QDs625 Tk L. QDs705-labeled GC-mAb & TN QDs625-
labeled GRb;-mAb Z#FHHL L 7=, WIZ. ZiLZE4 1 (%55 R(QDs705-labeled GC-mAb X% QDs625-labeled GRb;-
mAb). 2 %554 (QDs705-labeled GC-mAb &% U} QDs625-labeled GRbi-mAb)? FLISA ~JERI+ % Z & T GC KL
GRb; DO[FIRFE BR DOEEZ B L7z, ZO/EE, GCIiE, 0.0977—3.13 pg/ml (LOD: 0.0888 pg/ml), GRb; I,
0.391—3.13 pg/ml (LOD: 0.561 pug/ml)D i FEFEEFHN T 2 i R E RN AIRETH H Z EAHIH LT,
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EEARDHEREZ B Lz, TORE, GC X, 0.0391—2.50 pg/ml (LOD: 0.0242 pg/ml), HP |%, 1.95—125ng/ml
(LOD: 1.66 ng/ml). GRb; I%. 0.0781—2.50 pg/ml (LOD: 0.0851 pg/ml) D FEFPHN T 3 sy RIFFE RN ATRETH
DT EHVHB LTz,
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%, QDs FEik mAb OAPRIANK - (535, Fix OFMOREILEIT> 72, TOFERE, QDs & £ mAb OfE G
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Recently, the use of crude drugs as raw materials for natural medicines has increased remarkably, and the 18th
revision of Japanese Pharmacopoeia (JP) lists 289 crude drugs, and 39 Kampo formula. Crude drugs are composed of a lot
of components, and their composition and content vary greatly depending on various factors. For this reason, the
confirmation tests and quantification methods in the JP is performed on the basis of marker compound of each crude drug.
Therefore, it is essential to develop the method for quality control for crude drugs and Kampo formula based on marker
compound. In JP, one marker compound and about three marker compounds are set for quality control of crude drugs and
Kampo formula, respectively. Nowadays, high-performance liquid chromatography (HPLC) and quantitative NMR are
used for quantitative analysis of marker compound of crude drugs and Kampo formula. Both methods require pretreatment
to detect trace amount of marker compound from a lot of components in the crude drugs. In addition, gNMR requires
expensive equipment, and interference due to signal overlap between components are considered as concerns. Since all of
these drawbacks are derived from the “multi-component system of crude drugs”, development of specific and sensitive
method to detect trace amount of marker compound from multi-component system can be solution of these problem.
Therefore, the purpose of this study is to develop specific and sensitive quantitative analysis for crude drugs and Kampo
formula by applying specific monoclonal antibodies (mAbs) against marker compound to enzyme-linked immunosorbent
assay (ELISA) and fluorescence-linked immunosorbent assay (FLISA), and to evaluate and standardize the quality of these
natural medicines.

In this study, we focused on five marker compounds, saikosaponin b2 (SSb2), baicalin (BC), paeoniflorin (PF),
geniposide (GP) and hesperidin (HP) that can be used for quality control of Bupleurum Root, Scutellaria Root, Peony Root,
Gardenia Fruit, and Citrus Unshiu Peel, respectively, and planned to produce specific mAb against individual marker
compound to be applied to ELISA. Then, we planned to develop quantitative analysis by labeling mAbs with fluorescent
probes of different emission wavelengths and applying them to FLISA, which would enable simultaneous analysis of
multi-components. Considering the combination of mAbs against these five marker compounds with three mAbs that
specifically recognize glycyrrhizin (GC), ginsenoside Rb; (GRb1), and sennoside A (SA) that have already produced, 14
of 35 Kampo formula can be evaluated by FLISA. Using these immunochemical assays, we aimed to achieve quality
evaluation and standardization of 3 out of 5 crude drugs and 3 out of 16 Kampo formula.

Primarily, we prepared antigen for five compounds, and immunized into abdominal cavity of mice to produce mAb.
As a result, ELISA using serum from mice immunized with SSb2, GP, and HP showed increases in antibody titer, and
specific reactivity to each compound. Therefore, splenocytes were prepared from the spleens of those mice, and
hybridomas were generated by fusion of splenocytes with mouse myeloma cells (SP2/0) using polyethylene glycol.
Subsequently, hybridoma cell lines producing specific antibodies against SSb2, GP, and HP were selected by repeated
cloning and screening to obtain SSb2-mAb, GP-mAb, and HP-mAb, respectively. Next, quality evaluation methods for
crude drugs such as Bupleurum Root, Gardenia Fruit, and Citrus Unshiu Peel were established by ELISA using the SSb2-
mADb, GP-mAb, and HP-mAb produced. Various validation analyses were performed on the basis of International
Conference on Harmonization (ICH) regulatory guidelines. As a result, all of ELISAs developed using above-mentioned
mAD exhibited good accuracy, precision, and specificity sufficient for the quality evaluation methods of Bupleurum Root,
Gardenia Fruit, and Citrus Unshiu Peel.

Subsequently, we aimed to establish a quality evaluation method for Kampo formula that enables simultaneous
analysis of multiple components using existing and newly produced mAbs. First, we established a method for quality
evaluation of Daiokanzoto based on GC and SA as two marker compounds, and prepared Quantum dots (QDs)-labeled
mAD using QDs705 and QDs625 for GC-mAb and SA-mAb, respectively. Next, we aimed to establish a simultaneous GC

and SA quantification system by developing a one-component or two-component FLISA system. As a result, it was found
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that simultaneous determination of two components was possible because standard curve for GC and SA was successfully
obtained. In the same way, we have also established a quality evaluation method for Bakumondoto based on GC and GRb;
by using QDs-labeled mAb using QDs705 and QDs625 for GC-mAb and GRbi-mAb, respectively. Next, we established
a method to evaluate the quality of Rikkunshito based on GC, HP, and GRb; as three marker compounds, aiming to further
expand the method to multi-component FLISA, and prepared QDs-labeled mAb using QDs625, QDs705, and QDs800 for
GC-mAb, HP-mAb and GRb;-mAb, respectively. Subsequently, we aimed to establish a simultaneous quantitative system
for GC, HP, and GRb; by expanding to one-component and three-component FLISA. As a result, the simultaneous
determination of the three components was found to be possible as standard curve for GC, HP, and GRb; and SA was
successfully obtained. However, subsequent various validation analysis revealed that to apply these multi-component
FLISA system to Kampo formula was difficult in terms of their accuracy, precision, and specificity. Since the high
specificity of the individual mAbs used for these FLISA was confirmed by ELISA developed, these results were obtained
due to the non-specific adsorption of the QDs-labeled mAb. Therefore, we optimized various conditions, and, finally
succeeded in obtaining a QDs-labeled mAb that is stable and specific to the target compound by changing the concentration
and reaction time for the binding reagent between QDs and mAbs.

In this study, we could develop quality assessment methods for three crude drugs, Bupleurum Root, Gardenia Fruit,
and Citrus Unshiu Peel. However, the quality assessment methods for Kampo formula has not been developed in time
because it took time to solve the problem raised up during validation analysis, although we succeeded in establishing a
FLISA system capable of simultaneous analysis of two and three components.

The JP is the official quality standard for pharmaceutical products in Japan. This research is a research project of
high public interest because it has the potential to establish and standardize a quality evaluation method focusing on crude
drugs and Kampo formula listed in the JP, and to ensure the efficacy and safety of drugs important for healthcare, which
improve the health, medical care, and welfare for Japanese. Therefore, we will continue to establish a quality evaluation

method for Kampo formula by multi-component FLISA system.



