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Kampo medicines, traditional herbal medicines in Japan, are comprised of multiple botanical raw materials
that contain a number of pharmacologically active substances. Conventionally, the quality control of kampo
medicines has been performed by analyzing the contents of two or three representative components. However, it
is not sufficient to check quality only with a limited number of specific components. We performed HPLC of 287
lots of keishibukuryogan formulas, calculated the areas of 11 components on chromatograms as feature values
and made a cluster analysis using self-organizing maps (SOMs). We verified the precision (repeatability and in-
termediate precision) of clustering results when using the same samples and successfully established an cluster-
ing method using SOMs that is capable of precisely clustering differences in HPLC-fingerprints among pharma-
ceutical manufacturers, differences in HPLC-fingerprints due to the combination ratios of botanical raw materi-
als, and differences in HPLC-fingerprints due to changes in component contents caused by time-course deterio-
ration. Consequently, we could confirm that this method is useful for controlling the quality of multiple compo-

nent drugs and analyzing quality differences.
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Kampo medicines consisting of multiple botanical raw
materials are the drugs that contain a number of pharmaco-
logically active substances. Conventionally, quality control
has been performed by analyzing the contents of two or three
representative components that are contained in botanical
raw materials.

The keishibukuryogan formula, whose botanical raw mate-
rials are Cinnamomi Cortex, Poria, Moutan Cortex, Persicae
Semen, and Paeoniae Radix, possesses pharmacological ac-
tions, e.g., blood flow-increasing activity,"” anti-inflamma-
tory activity,” and estrogen-like activity,” and has been re-
ported to be effective for sorts of disorders, e.g., endometri-
tis,>® menstrual irregularity,” menopausal disorders,”® and
rheumatoid arthritis.”

The keishibukuryogan extract listed on the Japanese Phar-
macopoeia'” is specified only for the contents of its three
components—cinnamic acid derived from Cinnamomi Cor-
tex, paeoniflorin derived from Moutan Cortex and Paeoniae
Radix, and amygdalin derived from Persicae Semen. How-
ever, keishibukuryogan contains components apart from the
above three components, e.g., cinnamic aldehyde, benzoic
acid, and coumarin derived from Cinnamomi Cortex, albi-
florin and pentagalloylglucose derived from Paeoniae Radix,
paconol derived from Moutan Cortex, as well as oxypaeoni-
florin and benzoylpaeoniflorin derived from Moutan Cor-
tex/Paeoniae Radix. Among them, not a few components are
involved in the pharmacological actions of the drug. Further-
more, many researches to elucidate the pharmacological ac-
tions of keishibukuryogan have been made strenuously.'"-'?
However, only a part of the pharmacologically active compo-
nents has been elucidated.

Nowadays when analytical technologies are advanced, it is
not sufficient to check quality only with a limited number of

* To whom correspondence should be addressed. e-mail: satomi_hisanori@mail.tsumura.co.jp

specific components. The construction of techniques to eval-
uate multiple component drugs is being required. In fact, the
guidelines on botanical drug products that were issued by the
Food and Drug Administration (FDA)'> have specified that
fingerprints using spectroengineering procedures to evaluate
quality should be provided. In general, multivariate analysis
has frequently been used to evaluate chromatography-finger-
prints of multiple component drugs. Applied procedures,
e.g., principle component analysis (PCA),"* ' hierarchical
clustering method (HCM),'® multivariate curve resolution-
alternating least squares analysis (MCR-ALS),'” correlation
optimized warping (COW),?” and Mahalanobis—Taguchi sys-
tem method (MTS),?" have been reported.

We performed this study with an objective to perform the
clustering of pharmaceutical manufacturers and botanical
raw materials by using HPLC-fingerprints of keishibukuryo-
gan formulas.

HPLC analysis was made with the samples of the
keishibukuryogan formulas (287 lots) principally consisting
of TJ-25 (keishibukuryogan extract granules manufactured
by Tsumura & Co.). The peak areas of the above 11 major
components (Table 1) obtained from chromatograms were
used as feature values, and self-organizing maps (SOMs)—a
class of the neural network—were applied to make a cluster
analysis.

Analytical Conditions for HPLC Solvent systems, sol-
vent ratios, and acid concentrations were compared to ex-
amine conditions for extraction. Consequently, a mixture of
methanol and 0.1% phosphoric acid (3 : 1) was selected as an
extracting solvent that is capable of efficaciously recovering
multiple components and ensuring the stability of compo-
nents in the extracting solvent. Regarding analytical condi-
tions for HPLC, furthermore, solvent systems, solvent ratios,
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Table 1. Components Analyzed by High-Performance Liquid Chromatog-
raphy and with Self-Organizing Maps
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the presence or absence of adding phosphoric acid, and gra-
dient conditions were examined to find HPLC conditions that
excel in resolution among multiple components and in their

Peak no. Substance Origin . . : :
precision and linearity (Fig. 1).
1 Oxypaeoniflorin Moutan Cortex/Paconiae Radix On the UV spectra of the 11 major components, many
2 Amygdalin Persicae Semen components exhibited a maximum at not more than 200 nm,
3 Albiflorin Paconiae Radix ) ) while other components also exhibited end absorption at the
4 Paconiflorin Moutan Cortex/Paeoniae Radix | h bet 200 d 210 Fig. 2
5 Pentagalloylglucose Paeoniae Radix wavelength range between nm- an nm (Fig. )
6 Benzoic acid Cinnamomi Cortex Therefore, the use of wavelengths between 200nm and
7 Coumarin Cinnamomi Cortex 210 nm was considered to allow the encompassing detection
8 Cinnamic acid Cinnamomi Cortex of all peak components. The wavelength of 210 nm was em-
? Cinnamaldehyde Cinnamomi Cortex . ployed in consideration of increases in baseline associated
10 Benzoylpaeoniflorin Moutan Cortex/Paeoniae Radix ith i d . £ phosphori id in th
1 Paconol Moutan Cortex with increased concentrations of phosphoric acid in the mo-
bile phase and of decreases in detector’s precision at the
wavelength of about 200 nm.
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Fig. 1. Typical 3D-HPLC Chromatogram of the Keishibukuryogan Formula

Relative absorbance [ maximum(205 - 400 nm) = 1]
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Fig. 2. UV Spectra of the Components in the Keishibukuryogan Formula
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Table 2. Manufacturers of the Keishibukuryogan Formulas and Numbers
of Lots
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Table 3. Results of the Clustering of Other Manufacturers’
Keishibukuryogan Formulas and TJ-25 for Precision Verification

Product Number of lots

TJ-25 267
Company A
Company B
Company C
Company D
Company E
Company F
Company G
Company H
Company |

W o= = NN = NN

Samples for HPLC Analysis A total of 287 lots, 267
lots of TJ-25 and 20 lots manufactured by other nine drug
manufacturers, were used as samples (Table 2).

For the purpose of verifying precision, furthermore, one
given lot among the TJ-25 lots was additionally analyzed 21
times to verify intermediate precision and 8 times to verify
repeatability. A total of 316 analytical data were obtained.

The content of the keishibukuryogan extract differs among
the formulas manufactured by different drug manufacturers.
Therefore, samples were prepared in such a manner to con-
tain a given amount (about 115 mg) of the extract based on
the content of the keishibukuryogan extract contained in each
manufacturer’s formulas.

Clustering Using SOMs Multivariate analyses, which
evaluate HPLC-fingerprints and express them visually or nu-
merically, involve sorts of procedures. However, each of
them has drawbacks and advantages. In this study, SOMs
were used as a clustering procedure because not less than
300 records and 11 feature values were handled and there
were numerous feature classifications that should be clus-
tered.

In consideration of the number of records, 25 (5X5)
classes of SOMs were used to cluster 316 records and 11 fea-
ture values which had been obtained.

Furthermore, an add-in software of Excel, Neural Network
Predict version 3.11 (Neuralware, Carnegie, PA, U.S.A.), was
used to make a cluster analysis using SOMs.

Results and Discussion

Results of the clustering of other manufacturers’
keishibukuryogan formulas and records to verify precision
are shown in Table 3.

Precision All records of precision, 21 records of inter-
mediate precision, and 8 records of repeatability were as-
signed to the cluster (3,3). Therefore, we could verify the
precision of analytical conditions for HPLC and of clustering
results when using the same samples.

Differences in HPLC-Fingerprints among Drug Manu-
facturers The results of the TJ-25 and other manufactur-
ers’ keishibukuryogan formula clustering are shown in Fig.
3. Records of TJ-25 and other manufacturers’ keishibukuryo-
gan formulas are present concurrently in cluster (1,4), clus-
ter (2,4), and cluster (5,4). However, TJ-25 and other manu-
facturers’ keishibukuryogan formulas were classified nearly
completely.

Regarding two [cluster (1,5) and cluster (2,5)] of 3 clus-
ters to which only other manufacturers’ keishibukuryogan

Number

of lots Cluster X Cluster Y

Product

Company A
Company B
Company C
Company D
Company E
Company F
Company G
Company H
Company |
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Fig. 3. 3-D Diagram of the Clusters of TJ-25 and Other Manufacturers’
Keishibukuryogan Formulas

Yellow: TJ-25. Green: other manufacturers’ keishibukuryogan formulas.
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Fig. 4. Numbers of Records in Clusters and Euclidean Distances among
Adjacent Clusters

Blue: intercluster distance is not more than 1.0. Yellow: intercluster distance is more
than 1.0 and not more than 1.5. Pink: intercluster distance is more than 1.5. Green:
cluster to which only other manufacturers’ keishibukuryogan formulas are assigned.

formulas had been assigned, Euclidean distance among adja-
cent clusters was not less than 1.5 (Fig. 4). Therefore, other
manufacturers’ keishibukuryogan formulas assigned to these
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clusters were disclosed to have greatly different amounts of
contained components.

Regarding all TJ-25-assigned clusters, on the other hand,
Euclidean distance among adjacent clusters was les than 1.5.
Furthermore, the same manufacturer’s lot(s) were assigned to
individual clusters with respect to other manufacturer’s
keishibukuryogan formulas (Table 3). This result revealed
that intramanufacturer consistency in amounts of contained
components in the same manufacturer’s formulas is higher
than intermanufacturer consistency.

Comparisons of the components of 3 clusters, in which
only other manufacturers’ keishibukuryogan formulas had
been clustered, revealed the following differences in HPLC-
fingerprints among manufacturers: the cluster (1, 5) has high
contents of paeoniflorin, benzoic acid, and cinnamic acid and
low contents of oxypaconiflorin, pentagalloylglucose, and
paconol; the cluster (2, 1) has low contents overall, especially
low contents of paconiflorin and benzoic acid; and the cluster
(2,5) has high contents of amygdalin, benzoic acid, and cin-
namic aldehyde and low contents of cinnamic acid and
coumarin (Fig. 5).

The same amounts of Cinnamomi Cortex, Poria, Moutan
Cortex, Persicae Semen, and Paeoniae Radix are mixed to
make the keishibukuryogan extract. Therefore, there is no
difference in the combination ratios of botanical raw materi-
als among drug manufacturers. However, conditions for the
manufacturing process of the kampo medicine—extraction,
concentration, desiccation, and granulation—differ among
drug manufacturers. Furthermore, there are great differences
in suppliers of botanical raw materials and in cultivation sites
that affect the quality of the kampo medicine extracts. The
successful evaluation of differences among drug manufactur-
ers resulted from the facts that differences in manufacturing
conditions among manufactures and in quality of botanical
raw materials are manifested as differences in the feature val-
ues of peak areas on high-performance liquid chromatograms
and that the cluster analysis using SOMs could precisely
classify these differences.

Differences in HPLC-Fingerprints Due to Differences
in Botanical Raw Materials Every drug manufacturer
produces their formulas under established conditions. There-
fore, the major factor to affect the quality of products is the
quality of botanical raw materials. On the other hand, botani-
cal raw materials are naturally-derived products. It is hence

difficult to continually obtain botanical raw materials of

oxypaeoniflorin
PEEE S
Paeonol <~

O Cluster (1,5)
O Cluster (2,1)
O Cluster (2,5)

benzoylpaconiflorin ;  albiflorin

cinnamaldehyde

cinnamic acid

coumarin’ “benzoic acid
Fig. 5. Feature Values (Normalized Peak Areas) of Clusters into Which

Only Other Manufacturers’ Keishibukuryogan Formulas Were Classified
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given quality. There is a few bias in the quality of botanical
raw materials, and the bias is considered to affect product
quality.

Multiple lots, which had been manufactured at the same
lot combination ratios of botanical raw materials (more than
5 records), were extracted, and the results of their clustering
are shown in Table 4.

The records of 2 lot compositions (lot compositions h and
j) were assigned to 2 clusters. However, the records of other
lot compositions were assigned into an individual cluster per
lot composition.

The above results clarified that the clustering using SOMs
discerns slight differences in formula quality due to differ-
ences in botanical raw material lots of the keishibukuryogan
formulas of the same manufacturer and allows the clustering
almost exactly by botanical raw material lot composition.

Differences in HPLC-Fingerprints Due to Differences
in Storage Period Drugs inevitably suffer changes in qual-

Table 4. Results of the Clustering of TJ-25 with the Same Lot Composi-
tions of Botanical Raw Materials

Compositions of Number Number of
botanical raw of Cluster X Cluster Y intracluster
materials lots records
Lot composition a 8 1 2 8
Lot composition b 7 3 1 7
Lot composition ¢ 7 5 2 7
Lot composition d 7 5 1 7
Lot composition e 7 4 1 7
Lot composition f 7 3 2 7
Lot composition g 7 5 2 7
Lot composition h 7 2 2 6
5 1 1
Lot composition i 6 1 3 6
Lot composition j 6 2 3 1
5 1 5
Lot composition k 5 1 1 5
Lot composition | 5 3 1 5
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Fig. 6. 3-D Diagram of the Clusters of TJ-25 (Differences Due to Storage
Period)

Blue: group A (storage period: =5 years). Yellow: group B (storage period: 6—8
years). Pink: group C (storage period: 9—10 years).
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ity during storage period after manufacture. To assess differ-
ences in HPLC-finger prints during storage period, a total of
267 lots of TJ-25 were classified to 3 groups (group A: =5
years after manufacture; group B: 6—8 years after manufac-
ture; and group C: 9—10 years after manufacture); the re-
sults of their clustering were compared (Fig. 6).

Although a slight overlap was found, these groups were
classified nearly completely according to storage period.
Therefore, classified clusters were verified to change along
with storage period. Furthermore, a comparison of the com-
ponents in each group verified that coumarin and cinnamic
aldehyde contents decrease and benzoic acid contents in-
crease along with a longer storage period.

Changes in the quality of botanical raw materials accord-
ing to the year of manufacture and the minor effects of man-
ufacturing conditions cannot be denied completely. Never-
theless, we consider that the cluster analysis using SOMs
successfully detected differences in formula quality (amount
of contained component) due to time-course changes.

Conclusion

There are many cases of using multivariate analyses to
evaluate the quality of multiple component drugs, and cases
of classifying interfactory differences by cluster analyses
have been reported.'® However, we used SOMs to evaluate
the quality of multiple component drugs, ensured the preci-
sion of the same samples, and could develop a clustering pro-
cedure capable of discerning not only differences among
drug manufacturers but also differences due to botanical raw
materials of the same manufacturers.

In the keishibukuryogan formulas of the same drug manu-
facturers that show no large differences in manufacturing
conditions and in procuration routes for botanical raw mate-
rials, we could evaluate, by cluster analyses, 1) differences in
HPLC-fingerprints due to differences in lots of botanical raw
materials and 2) differences in HPLC-fingerprints due to
long-term storage-induced changes in the amounts of con-
tained components.

Regarding differences in HPLC-fingerprints due to differ-
ences among drug manufacturers, furthermore, we verified
that the analysis of feature values that were normalized after
the SOM analysis can readily specify clustering factors (i.e.,
feature values of component contents among manufacturers).

Therefore, we could demonstrate the usefulness of SOMs
in evaluating the quality of multiple component drugs by
HPLC fingerprints.

Experimental

HPLC Analysis. Preparation of Samples A sample was pulverized
with a porcelaneous mortar and then passed through a sieve with wire open-
ing of 300 um. The pulverized sample equivalent to 115 mg of the extract
was weighed and transferred into a 50-ml glass-stoppered centrifuge tube.

Add 30 ml of a mixture of methanol and 0.1% phosphoric acid (3: 1), and
use the reciprocating shaker to perform extraction by shaking for 30 min.
After centrifugation (3000 rpm, 5 min), separate the supernatant liquid. Re-
peat the procedure with the residue using 15 ml of the mixture of methanol
and 0.1% phosphoric acid (3: 1), combine the supernatant liquids, and add
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the mixture of methanol and 0.1% phosphoric acid (3:1) to make exactly
50 ml. Centrifuge (12000 rpm, 10 min), and use the supernatant liquid as the
sample solution.

Analytical Conditions
Waters).

Mobile Phase: Solution A, a mixture of 0.1% phosphoric acid, methanol,
and acetonitrile (85:7.5:7.5). Solution B, a mixture of acetonitrile, 0.1 %
phosphoric acid, and methanol (85:7.5:7.5). For 35min after injection of
the sample, deliver an increasing volume of the solution B in the mobile
phase by the lineal ingredient from the solution A 100% in such a manner to
obtain a mixture of solution A and solution B (1:1).

Flow Rate: 1.0 ml/min.

Column Temperature: 40 °C.

Injection Volume: 10 ul.

Detection Wavelength: 210 nm.

Equipment Reciprocating Shaker: SR-1 (TAITEC).

Column: XBridge C18 (5 um, 250X4.6 mm i.d.,

Centrifuge: LC-121 (TOMY),
5415C (eppendorf).

HPLC: 1200 series (Agilent Technologies)
e Quaternary pump #G1311,
e Degasser #GI379A,
e Autosampler #G1313A,
e Column compartment #G1316A,
e Diode-array detector #G1315B,
e ChemsStation LC 3D System Rev. A.10.01J.
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