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In this study, to elucidate the details and structural basis of precipitation and complex formation
that occur when crude drugs are combined, we used analytical chemistry methods including GNPS
(molecular network) analysis based on non-targeted LC-MS/MS measurements to detect and
analyze the mechanism of compound-compound interactions in multi-component systems. It is
known that baicalin in Scutellaria root and berberine in Coptis rhizome form a complex and
precipitate in aqueous solution. We focused on berberine analogues contained in the extracts and
evaluated their ability to form a complex with baicalin.
When baicalin was added to an aqueous solution of the extract of Coptis rhizome, the content of
the berberine analogs, palmatine and epiberberine, in the supernatant did not change, whereas the
content of coptisine decreased in the baicalin concentration-dependently. Thus, it is clear that
baicalin forms complex (precipitates) with coptisine. We also constructed a molecular networking of]
compounds containing the extract of Coptis rhizome and verified how this molecular networking
changes when baicalin is added. However, it has not been possible to determine which
compounds in the extract are quantitatively changed by the presence of baicalin, and this is
currently being investigated to resolve this issue.
We confirmed that palmatine and baicalin did not form precipitates at the compound level, but
when baicalin was added in an aqueous solution in the presence of palmatine and berberine, the
amounts of berberine-baicalin precipitation decreased. On the other hand, palmatine did not
precipitate with baicalin when the three compounds coexisted. Therefore, it was considered that
palmatine reversibly and competitively inhibits the precipitation formation of berberine and baicalin
by transiently forming a complex with baicalin weakly.
These results indicate that the 2,3-methylenedioxy structure of berberine and coptisine is important
for precipitation formation with baicalin. Furthermore, although previous studies have proposed the




importance of electrostatic interaction involved in the presence of berberine cations to form the
precipitation, the results of present study indicate that electrostatic interaction is not a sufficient
condition for the precipitation formation, but a necessary condition. Therefore, the presence of both
a 2,3-methylenedioxy structure and a cation in berberine analogs is important for precipitation
formation with baicalin. We expect that the structural basis of these compound-compound
interactions will be elucidated in the future by identifying the interaction site using NMR
experiments. The above results have already been presented at a scientific meeting and were well
received by many researchers who deal with natural products and multi-component systems.
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In this study, to elucidate the details and structural basis of precipitation and complex formation that occur when crude drugs are
combined, we used analytical chemistry methods including GNPS (molecular network) analysis based on non-targeted LC-MS/MS
measurements to detect and analyze the mechanism of compound—compound interactions in multi—-component systems. It is known
that baicalin in Scutellaria root and berberine in Coptis rhizome form a complex and precipitate in aqueous solution. We focused on
berberine analogues contained in the extracts and evaluated their ability to form a complex with baicalin.

When baicalin was added to an aqueous solution of the extract of Coptis rhizome, the content of the berberine analogs, palmatine and
epiberberine, in the supernatant did not change, whereas the content of coptisine decreased in the baicalin concentration—
dependently. Thus, it is clear that baicalin forms complex (precipitates) with coptisine. We also constructed a molecular networking of
compounds containing the extract of Coptis rhizome and verified how this molecular networking changes when baicalin is added.
However, it has not been possible to determine which compounds in the extract are quantitatively changed by the presence of
baicalin, and this is currently being investigated to resolve this issue.

We confirmed that palmatine and baicalin did not form precipitates at the compound level, but when baicalin was added in an aqueous
solution in the presence of palmatine and berberine, the amounts of berberine—baicalin precipitation decreased. On the other hand,
palmatine did not precipitate with baicalin when the three compounds coexisted. Therefore, it was considered that palmatine
reversibly and competitively inhibits the precipitation formation of berberine and baicalin by transiently forming a complex with baicalin
weakly.

These results indicate that the 2,3—methylenedioxy structure of berberine and coptisine is important for precipitation formation with
baicalin. Furthermore, although previous studies have proposed the importance of electrostatic interaction involved in the presence of
berberine cations to form the precipitation, the results of present study indicate that electrostatic interaction is not a sufficient
condition for the precipitation formation, but a necessary condition. Therefore, the presence of both a 2,3—-methylenedioxy structure
and a cation in berberine analogs is important for precipitation formation with baicalin. We expect that the structural basis of these
compound—compound interactions will be elucidated in the future by identifying the interaction site using NMR experiments. The
above results have already been presented at a scientific meeting and were well received by many researchers who deal with natural
products and multi-component systems.
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