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Abstract

We report a high-performance liquid chromatographic method to determine the quantities of puerarin, daidzin,
paeoniflorin, liquiritin, cinnamic acid, cinnamaldehyde and glycyrrhizin in Kampo medicine. All seven compounds
were separated in less than 30 min with a Wakosil-II 5C18 AR column by linear gradient elution using 0.01% (v/v)
phosphoric acid—acetonitrile (0 min 90:10, 10 min 88:12, 22 min 70:30, 30 min 30:70) as the mobile phase at a
flow-rate of 1.0 ml min !, and detection at 250 nm. The detection limits of these compounds are 0.15-0.3 uM with
response linearity. This method was applied to determine the quantities in eight Kampo decoctions; Mao-to,
Makyo-yokukan-to, Makyo-kanseki-to, Yokuinin-to, Sho-seiryu-to, Keima-kakuhan-to, Kakkon-to and Kakkon-to-
ka-senkyu-sin’i. Glycyrrhizin content was lower in both the decoction and the methanol-diluted decoction of
Sho-seiryu-to compared with the others. Low pH due to organic acids of Schisandrae fructus in the decoction caused
inhibition for glycyrrhizin dissolution in Sho-seiryu-to. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction Makyo-yokukan-to, Makyo-kanseki-to, Yokuinin
-to, Sho-seiryu-to, Keima-kakuhan-to, Kakkon-to

Many kinds of traditional oriental medicines and Kakkon-to-ka-senkyu-sin’i. These drugs are
(Kampo medicine in Japan) have been used for in strong demand. Mao-to, Kakkon-to and
treatment of a variety of diseases. Generally Keima-kakuhan-to are used to improve some syn-
Kampo medicines containing Ephedrae herba are dromes that accompany cold virus infection.
called Mao-drugs in Japan, including Mao-to, Makyo-kanseki-to and Sho-seiryu-to are used
clinically as cough remedies. Recently, the effec-

mponding author. Fax: + 81-849-362024. tiveness of Sho-seiryu-to for allergic nasal inflam-
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Fig. 1. Structures of the investigated compounds.

mation and bronchial asthma treatment has been
recognized by double-blind trial. Kakkon-to-ka-
senkyu-sin’i has been used as a sinusitis remedy.
Yokuinin-to and Makyo-yokukan-to are often
used to treat arthralgia. Table 1 shows the com-
bination of crude drug to establish Mao-drug in
which both Ephedrae herba and Glycyrrhizae
radix are included at least.

Ephedrine, liquiritin and glycyrrhizin, cinnamic
acid and cinnamaldehyde, amygdarin and paco-
niflorin are marker components of Ephedrae
herba, Glycyrrhizae radix, Cinnamomi cortex,
Armeniacaec semen and Paeconiae radix, respec-
tively. Puerariae radix, containing puerarin and
daidzin, is the main constituent in Kakkon-to

and Kakkon-to-ka-senkyu-sin’i. It is necessary to
analyze the percentages of the marker compo-
nents in a decoction in order to evaluate Kampo
medicine. High-performance liquid chromatogra-
phy (HPLC) has been employed to analyze sev-
eral components in a medicinal preparation
composed of several crude drugs [1-3]. Ion-pair
HPLC only separates ephedrine alkaloids, i.e.
ephedrine, pseudoephedrine, norephedrine and
methylephedrine, in Mao-drugs [4]. However, a
simultaneous analysis for the other marker com-
ponents in Mao-drug has not been performed.
Amygdarin had not been quantitatively esti-
mated, because it suffers from enzyme hydrolysis
in the decoctions [5].
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Table 2

Retention times, capacity factors, linear response ranges, regression equations, correlation coefficient for puerarin, daidzin,
paeoniflorin, liquiritin, cinnamic acid, cinnamaldehyde and glycyrrhizin

Maker sub- tg (min) Kk’ Linear response range Regression Correlation Detection limit® (uM)
stance (UM-mM) equation® coefficient®

Puerarin 4.52 2,12 0.29-1.18 y=7.00x—0.08 1.0000 0.15

Daidzin 7.34 4.06 0.30-1.19 y=28.04x—1.97 1.0000 0.15

Paconiflorin 8.81 5.08 1.56-6.25 y=0.60x+0.23 1.0000 0.39

Liquiritin 11.94 7.23  1.50-5.98 y=1.08x+1.14 1.0000 0.38

Cinnamic acid  22.57 14.57  0.42-1.68 y=228x—0.84 1.0000 0.21

Cinnamalde- 23.68 1533 0.45-1.82 y=0.87x—0.17 1.0000 0.23

hyde
Glycyrrhizin 27.05 17.62  0.60-2.41 y=13.40x—3.27 1.0000 0.15

4y = peak-area, x = uM.

b Triplicate assay about the different concentration (n = 10).

¢ Signal-to-noise ratio = 3.

The aims of this research were to develop a
HPLC method to quantify seven marker sub-
stances, puerarin, daidzin, paeoniflorin, liquiritin,
cinnamic acid, cinnamaldehyde and glycyrrhizin
(Fig. 1) simultaneously in Mao-drug, and to apply
the chromatographic mean for the analysis of
combination in Kampo medicines.

2. Experimental
2.1. Materials

Kampo medicines were prepared according to
the literature [6] (Table 1). Crude drugs were
purchased from Tochimototenkaido (Osaka,
Japan). Reagent-grade chemicals and high-purity
solvents were used except when specified other-
wise. Ultrapure distilled water with a resistivity
greater than 18 MQ was prepared with deionized-
distilled water. Acetonitrile was of HPLC grade
and other solvents and chemicals were purchased
from Wako (Osaka, Japan). Millipore syringe
filters (Millex-GP, 0.22 um pore size) were pur-
chased from Nihon Millipore (Tokyo, Japan).
Puerarin and daidzin were purchased from Fu-
nakoshi (Tokyo, Japan), paeoniflorin, liquiritin,

cinnamic acid, cinnamaldehyde and glycyrrhizin
from Wako.

2.2. Instrumentation and HPLC analysis

The HPLC apparatus was a Hewlett-Packard
(Waldbronn, Germany) system composed of a
HP1100 series binary pump, a HP1100 series
photodiode array detector and a HP1100 series
autosampler (set at 5 pul). A HP1100 series Chem-
Station (Hewlett-Packard) was used for data ac-
quisition and integration. Separations were
carried out with a Wako Wakosil-II 5C18 AR
reversed-phase column (particle size of the pack-
ing 5 um, 150 x 4.6 mm 1i.d.). Five microliters
were injected onto the HPLC system. The column
eluent was monitored at UV 250 nm. The mobile
phase was a linear gradient of 0.01% (v/v) phos-
phoric acid-acetonitrile (0 min 90:10, 10 min
88:12, 22 min 70:30, 30 min 30:70) and degassed
with an ultrasonic bath prior to use. A re-equili-
bration period of 13 min was used between indi-
vidual runs. Chromatography was performed at
45°C with a flow-rate of 1.0 ml min~'. The
identification and the purity of the chromato-
graphic peaks were estimated with a HP1100 se-
ries photodiode array detector.
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Fig. 2. Chromatograms of standard mixture (1) and Kampo decoctions (2-9). Chromatograms: (2) Mao-to; (3) Makyo-yokukan-to;
(4) Makyo-kanseki-to; (5) Yokuinin-to; (6) Sho-seiryu-to; (7) Keima-kakuhan-to; (8) Kakkon-to; (9) Kakkon-to-ka-senkyu-sin’i.

Peaks: 1 = puerarin; 2 = daidzin; 3 = paeoniflorin; 4 = liquiritin; 5 = cinnamic acid; 6 = cinnamaldehyde; 7 = glycyrrhizin.

2.3. Standard curve preparation

Each marker substance, puerarin, daidzin,
paeoniflorin, liquiritin, cinnamic acid, cin-
namaldehyde and glycyrrhizin, was accurately
weighed and dissolved in methanol to give serial

concentrations within the ranges 0.121-900,
0.125-900, 0.749-4700, 0.627-4800, 0.062-870,
0.059-650 and 0.493—-2600 pg ml~!, respectively.
The standard curve was analyzed using the linear
least-squares regression equation derived from the
peak area. Concentrations of these marker sub-
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stances in samples were calculated from this re-
gression analysis.

2.4. Preparation of sample solutions

A daily dosage of crude drugs compounded
according to each Kampo medicine was placed in
a 1-1 beaker and boiled with 500 ml water on an
electric heater for more than 35 min halving the
original volume. The decoction was filtered
through a colander while hot, and the volume
adjusted to 250 ml with water after cooling. The
adjusted decoction was centrifuged (1500 x g for
10 min) and the supernatant was filtered through
a Millipore syringe filter unit and analyzed as the
decoction. In addition, the adjusted decoction (10
ml) was made up to 50 ml with methanol and the
mixture was filtered through a Millipore syringe
filter unit and analyzed as the methanol-diluted
decoction.

Table 3
Within-day and day-to-day relative standard deviations (RSD)

for marker substances in Mao-to, Kakkon-to and Sho-seiryu-
to'd

Marker substance RSD (%)

Within-day® Day-to-day®
Mao-to
Liquiritin 0.80 1.39
Cinnamic acid 0.42 0.66
Cinnamaldehyde 0.43 1.39
Glycyrrhizin 0.37 0.75
Kakkon-to
Puerarin 0.35 1.74
Daidzin 0.48 4.40
Paconiflorin 1.85 1.68
Liquiritin 0.95 1.69
Cinnamic acid 1.02 2.56
Cinnamaldehyde 0.57 1.31
Glycyrrhizin 0.45 1.39
Sho-seiryu-to
Paeoniflorin 1.56 2.23
Liquiritin 1.66 1.47
Cinnamic acid 2.94 3.48
Cinnamaldehyde 1.59 1.39
Glycyrrhizin 0.48 1.63

“ Methanol-diluted decoction was used.
® Within-day precision test at ten times in 1 day.
¢ Day-to-day precision on 5 different days.

2.5. Interference trial

Amounts of crude drugs equivalent to a daily
dose of each Kampo medicine without, one at a
time, Puerariae radix, Paeoniae radix, Gly-
cyrrhizac radix and Cinnamomi cortex were
weighed, 500 ml water was added and each mix-
ture was boiled for more than 35 min halving the
original volume. The decoction was filtered
through a colander while hot, and the volume
adjusted to 250 ml with water after cooling and
centrifugation. The supernatant was diluted with
methanol to give a five-fold dilute decoction and
the mixture was filtered through a Millipore sy-
ringe filter unit and used for analysis of blank
decoction.

2.6. Solutions for recovery study

Recoveries of puerarin, daidzin, paeoniflorin,
liquiritin, cinnamic acid, cinnamaldehyde and gly-
cyrrhizin added to decoctions of Mao-to,
Kakkon-to and Sho-seiryu-to were calculated
from comparing three sets of chromatograms:
standard solution, decoctions and spiked decoc-
tions. Standard solutions were prepared by
methanol extract of freeze-dried decoctions. The
purity of marker substances in the standard solu-
tions were estimated with a photodiode array
detector. Each decoction was extracted as previ-
ously described. Decoctions were divided into
eight portions, three controls and five spiked solu-
tions. The control decoctions (20 ml) were made
up to a final volume (100 ml) with methanol. The
spiked decoctions (20 ml) were prepared by
adding the standard solutions to the decoctions,
and brought to the final volume. All samples were
filtered through a Millipore syringe filter unit and
injected for HPLC analysis to calculate recovery.

3. Results and discussion

Absorption maxima of puerarin, daidzin, paeo-
niflorin, liquiritin, cinnamic acid, cinnamaldehyde
and glycyrrhizin were observed around 215-290
nm on the UV spectra with three dimensional
chromatograms and a monitoring wavelength for



Table 4

Recovery of puerarin, daidzin, paeoniflorin, liquiritin, cinnamic acid, cinnamaldehyde and glycyrrhizin from Mao-to, Kakkon-to

and Sh-seiryu-to
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Marker substance

Initial amount (pg ml—")

Added (ug ml—")

Found (ug ml—1')

Recovery® (%)

Mao-to
Liquiritin 22.92 10.03
19.93
Cinnamic acid 1.62 0.83
1.68
Cinnamaldehyde 9.21 1.32
2.83
Glycyrrhizin 46.83 17.70
34.65
Kakkon-to
Puerarin 138.67 68.61
134.96
Daidzin 21.64 12.59
24.53
Paconiflorin 55.11 32.82
64.06
Liquiritin 26.78 13.06
26.45
Cinnamic acid 1.45 0.68
1.33
Cinnamaldehyde 7.32 1.53
3.85
Glycyrrhizin 46.64 12.78
24.51
Sho-seiryu-to
Paconiflorin 49.77 20.55
40.95
Liquiritin 28.71 15.11
28.86
Cinnamic acid 0.89 0.42
0.78
Cinnamaldehyde 5.64 0.93
2.00
Glycyrrhizin 41.57 17.83
34.71

33.29 101.0
43.52 101.6
2.44 99.7
3.30 99.9
10.24 97.2
11.39 94.8
64.16 99.4
81.49 100.0
207.24 100.0
273.80 100.1
34.60 101.1
46.43 100.6
87.17 99.1
119.00 99.9
40.05 100.5
53.13 99.8
2.09 97.9
2.75 98.8
8.37 94.6
9.57 85.7
58.76 98.9
70.13 98.6
70.40 100.1
91.02 100.3
43.92 100.2
58.13 101.0
1.25 95.7
1.61 96.5
6.37 97.0
7.11 93.0
59.07 99.4
76.01 99.7

4 Values are means of five experiments.

quantitative determination at 250 nm was used.
Table 2 gives the retention times (zz), capacity
factors (k'), linear response range, regression
equation, correlation coefficient and detection
limit of puerarin, daidzin, paconiflorin, liquiritin,
cinnamic acid, cinnamaldehyde and glycyrrhizin.
These results, through linear regression analysis,
showed a good linear relationship between the
peak-area () and the concentration (x: pM).

The chromatograms of standard mixture, Mao-
to, Makyo-yokukan-to, Makyo-kanseki-to, Yok-
uinin-to, Sho-seiryu-to, Keima-kakuhan-to, Kak-
kon-to and Kakkon-to-ka-senkyu-sin’i are shown
in Fig. 2. These peaks were shown to be satisfac-
torily separated and were identified with stan-
dards by inspection of retention times and UV
spectra in three-dimensional chromatograms.
There were no overlapping peaks within marker
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substances in the decoctions which were made by
excluding Puerariae radix, Paconiac radix, Gly-
cyrrhizae radix and Cinnamomi cortex from Mao-
to, Makyo-yokukan-to, Makyo-kanseki-to,
Yokuinin-to, Sho-seiryu-to, Keima-kakuhan-to,
Kakkon-to and Kakkon-to-ka-senkyu-sin’i, re-
spectively. Separation of marker substances in
these Kampo decoctions was successful with a
gradient elution of 0.01% (v/v) phosphoric acid-
acetonitrile in less than 30 min.

The within-day and the day-to-day precision of
this method for each marker substance were eval-
uated using decoctions of Mao-to, Kakkon-to
and Sho-seiryu-to, by ten same-day replicate as-
says and assays on five different days. As Table 3
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shows, the within-day and day-to-day relative
standard deviations (RSDs) were 0.35-2.94% and
0.66—-4.40%, respectively. The average recoveries
of standards spiked into decoctions of Mao-to,
Kakkon-to and Sho-seiryu-to were 100.0—100.1%
for puerarin, 100.6—-101.1% for daidzin, 99.1-
100.3% for paeoniflorin, 99.8—101.6% for liquir-
itin, 95.7-99.9% for cinnamic acid, 85.7-97.2%
for cinnamaldehyde and 98.6-100.0% for gly-
cyrrhizin, as shown in Table 4.

The quantitative results in decoctions and
methanol-diluted decoctions of Mao-to, Makyo-
yokukan-to, Makyo-kanseki-to, Yokuinin-to,
Sho-seiryu-to, Keima-kakuhan-to, Kakkon-to
and Kakkon-to-ka-senkyu-sin’i are shown in
Table 5. Glycyrrhizin in both the decoction and
the methanol-diluted decoction of Sho-seiryu-to
showed a relatively lower content than that of
other decoction, whereas liquiritin had no signifi-
cant difference among these Kampo decoctions
(Fig. 3). Previously, it has been shown that the
analysis value of glycyrrhizin in Sho-seiryu-to is
low, but the cause has not been clearly explained
[7]. By comparison of the decoction and the
methanol-diluted decoction, the content of gly-
cyrrhizin in the methanol-diluted decoction in-
creased by 1.58 times. Therefore, the solubility
was deeply related to the content of glycyrrhizin



611

N. Okamura et al. /J. Pharm. Biomed. Anal. 19 (1999) 603612

"UOI10000p PAIN[IP-[OULYIW ‘Al ,

"WOTIO03P ‘M 4

‘S=1u ‘[ JqBL 1S

SOE+8SE  061+8S¢E ILTCFvTy 08’1+ €6C SI'TF6LE Crc+8se PSTIFISY TOT+ISy W

19C+L1€ 08 1+LTE 961 +0'8¢ $9°T +9°81 8T 1+ 1¢ee L8 TFG¢E PST+S0r  S6T+0Wr M WIZIYIIKOATD)
€T0+F8TC 61'0F LT TC0F8T 9T 0F 1€ 610+9¢C LT0OF6T W

SI'0+9¢C €CO+VT ST0+9¢C STO+FLT 0C0+TT 9I'0FST M opAyeplewreuur)
0T'0+91 $00F €1 $00F L0 00+ L0 SO0+ 80 €00+60 W

0ro++'1 P00+ €1 SO0+ L0 €00+ L0 €00+ 80 €00+80 M proe srueuur?
CET+¥0T  860+L1IC L0 F 681 8LOF9LI eI+ €81 6€1+07TT 9TTI+LEC 980+S€C W

SI'T+ ¢8I 880+ L 0T SLOF 681 €01+ 961 ELOF S LI o€ T+1'1T 8ET+ETC OLOFE0T M unumbry
Y61 +€8C I¥1+8LT 66’1+ 6'LT 81’1+ TSt LETF 8T W

oI'e +0¢e ILT+66C 181+ L9T 160+9¢T 8I'T+L€C M uLiogruosed
9€0+S¥ LTOF 6P W

0€0+1¥ 0ro+9v M uizpreqg
Iv1+98C TOT+LSC B4

PST+88C LEO+ 68T aM urrelond
L UIS-NAYUdS 0 0) 03-ueYNYoA

-BY-0)-UOYBY  O)-UONEY -URYNYEY-BWIdY 0)-NAII2S-0Yg  0)-UIUINNOX  -IYISUB-OANBIA -0AyBeIN 03-0KBIN

+(3nIp opnio 3/3w) syjuauo)

Queisqns IIeJN

Suono099p odwey] ul UIZIYLIAOA[S pue opAyop[eWRUUD ‘PIOB JIWEBUUD ‘Unumbi ‘utogruosed ‘urzprep ‘unrerond jo sjusjuo))

§ A1qeL



612 N. Okamura et al. /J. Pharm. Biomed. Anal. 19 (1999) 603612

in the decoction of Sho-seiryu-to. The crude drug
residue after extraction with boiling water was
extracted again with boiling methanol (150 ml)
for 1 h, and glycyrrhizin in each extract that was
adjusted to 200 ml after cooling was analyzed.
The ratio of glycyrrhizin in the extract from each
crude drug residue, were 0.13, 0.14, 0.23, 0.41,
0.76, 0.25, 0.44 and 0.46, when compared with the
methanol-diluted decoctions of Mao-to, Makyo-

yokukan-to, Makyo-kanseki-to, Yokuinin-to,
Sho-seiryu-to, Keima-kakuhan-to, Kakkon-to
and Kakkon-to-ka-senkyu-sin’i,  respectively.

Thus, the extraction of glycyrrhizin was proved to
be inefficient in the original decoction of Sho-
seiryu-to, as 76% of glycyrrhizin in the decoction
remained in the crude drug residue. The pH in the
decoctions of Mao-to, Makyo-yokukan-to,
Makyo-kanseki-to, Yokuinin-to, Keima-kakuhan-
to, Kakkon-to and Kakkon-to-ka-senkyu-sin’i
was 5.17, 5.27, 5.10, 5.17, 5.02, 5.05 and 5.08,
respectively. However, the decoction of Sho-
seiryu-to showed pH 4.06. A correlation between
glycyrrhizin extraction efficiency and pH in the
decoction of Kampo medicines containing Gly-
cyrrhizae radix has not been previously investi-
gated [8]. We therefore examined whether the pH
of the decoction could influence the solubility and
the extraction efficiency of glycyrrhizin, which has
two glucuronic acid moieties bound as a gly-
coside. Some coexistent components prevented
the dissolution of specific components in both the
crude drug and Kampo medicine by precipitation
[9,10] and adsorption [8,11]. Schisandrae fructus
contains a number of organic acids as citric acid,
and the organic acids may play an important role
for low pH in Sho-seiryu-to. A daily dose of
Sho-seiryu-to without Schisandrae fructus was
added 0.0, 0.5, 1.0, 2.0 or 3.0 g (original amount
in Sho-seiryu-to) of Schisandrae fructus and each
decoction was extracted as previously described.
As shown in Fig. 4, the content of glycyrrhizin in
each methanol-diluted decoction compared to
that in the residue was inversely proportional.
Citric acid (0.42 g) was added to Sho-seiryu-to

from which only Schisandrae fructus was ex-
cluded, to make pH at 4.06 (after extraction).
Glycyrrhizin content in the methanol-diluted de-
coction was equivalent to that of Sho-seiryu-to
methanol-diluted decoction. Similar experimental
findings to methanol-diluted decoction were ob-
tained in the decoction. It is therefore reasonable
to conclude that the lower glycyrrhizin content in
the Sho-seiryu-to decoction comes from low pH
from the organic acids in Schisandrae fructus.
Quantification of marker substance in prescrip-
tions by simultaneous HPLC method is essential
for clinical evaluation of Kampo medicines.
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