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-
Sosiho-tang is a traditional herbal medicine consisting of seven medicinal herbs. The variation in the amount of useful components of |
Sosiho-tang and its bioconversion products (fermentation by Sosiho-tang) were determined by using high-performance liquid chroma- |
tography coupled with diode array detection (HPLC-DAD). Qualitative and quantitative analyses of the useful components of Sosiho-
tang (liquiritin, liquiritigenin, baicalin, baicalein, glycyrrhizin and wogonin) were carried out using a 5 pm, C,5 analytical column and |
were achieved by comparing their retention times (tr) and UV spectra with those of the standard compounds. In the results, the amount of |
baicalin in Sosiho-tang was five times more than the amounts of the other components. In addition, the amounts of two useful compo- |
nents, baicalin and liquiritigenin, increased by 2.96 and 1.92 %, respectively. Also, the amount of baicalein through fermentation showed |
the highest change compared with the amounts of the other components, decreasing from 81.38 % to 41.01 %. |
|
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INTRODUCTION

The pharmacological effects of traditional medicines
focus on the maintenance of good health, on disease treatment
and on the enhancement of the body’s resistance to disease’.
Among the traditional medicines, Sosiho-tang (SO) has been
widely used to treat chronic liver diseases like hepatitis*®. This
medicine consists of seven oriental medicinal herbs (OMHs):
Bupleurum falcatum, Scutellaria baicalensis, Panax ginseng,
Pinellia ternata, Glycyrrhiza uralensis, Zingiber officinale and
Zizyphus jujuba. Bioconversion occurs through microorga-
nisms, digestive enzymes and low gastric pH"'°. Moreover,
the fermentation of herbal medicines caused by bioconversion
maximizes the absorption of the useful components (e.g.
isoflavones, saponins, phytosterols and phenols) of oriental
medicinal herbs and enhances their biological activity.
According to the related literature, research on the effect of
fermentation with microorganisms on the quality and efficacy
of oriental medicinal herbs is in progress''. Among the various
well-known analysis techniques, such as thin-layer chromato-
graphy (TLC), high-performance liquid chromatography
(HPLC), high-speed countercurrent chromatography (HSCCC)
and capillary electrophoresis (CE), HPLC is the most widely
used for the determination of the useful compounds in oriental
medicinal herbs. In particular, the coupling of a diode array

detector (DAD) and a mass spectrometer (MS) has been uti-
lized as a useful and powerful analysis method of multiple
herbal medicines'>". In this study, qualitative and quantita-
tive analysis screening of six useful components of Sosiho-
tang were conducted using HPLC-DAD. Also, the variation
of the components of Sosiho-tang after fermentation was
determined. The useful components of the oriental medicinal
herbs composed in this prescription, liquiritin, liquiritigenin,
glycyrrhizin (Glycyrrhiza uralensis), baicalin, baicalein and
wogonin (Scutellaria baicalensis), were selected for the analysis
screening.

EXPERIMENTAL

The powder of Sosiho-tang was obtained from Korea
Institute of Oriental Medicine. The standard compounds
baicalin, baicalein, glycyrrhizin and wogonin were purchased
from Korea Food and Drug Administration (KFDA). Liquiritin
was obtained from Wako Pure Chemical Industries, Ltd.
(Japan). Liquiritigenin was purchased from Chengdu Biopurify
Phytochemicals, Ltd. (China). The purity (%) of all the standard
compounds was above 97 %. The HPLC-grade solvents, water
and acetonitrile, were purchased from J.T. Baker (USA). The
analytical-grade trifluoro acetic acid (TFA) was purchased
from Sigma-Aldrich (USA). The chemical structures of the
six useful components are shown in Fig. 1.
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Name: Liquiritigenin
Formula: C;5H;,04
m.w.: 256.26

Name: Wogonin
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Name: Baicalein
Formula: C;5H;(O5
m.w.: 270.24

Name: Baicalin
Formula: C;1H;30¢;
m.w.: 446.36

Name: Glycyrrhizin
Formula: C4;Hg,046
m.w.: 822.93

Fig. 1. Chemical structures of the six standard compounds in Sosiho-tang

Fermentation conditions of Sosiho-tang: Fermentation
was conducted using the lactobacillus (KFRI strain Nos. 129,
144, 442 and 693) donated by Korea Food Research Institute
(KFRI). After two successive transfers of the test organisms
in MRS broth (lactobacillus broth acc. to De Man, Rogosa
and Sharpe) for lactobacillus KFRI 129, 144, 442 and 693 for
24 h at 37 °C, the activated cultures were again inoculated
into each media under the same conditions. The cultures were
diluted to obtain an initial population of 1-5 x 10" CFU/mL
and were designated as the inoculums. The Sosiho-tang water
extract was used as the culture media for fermentation after
adjusting the pH to 7 using 1 M NaOH and was autoclaved for
15 min at 121 °C. After cooling, 750 mL Sosiho-tang was
inoculated with 7.5 mL inoculum, as described above. This
was incubated at 37 °C for a period of 48 h. The Sosiho-tang
was then passed through a 60 um nylon net filter (Millipore,
MA, USA), precipitated overnight, lyophilized (supernatant)
and stored in desiccators at room temperature prior to use. So,
the extent of fermentation pH from Sosiho-tang and fermented
Sosiho-tang were observed (Table-1).

TABLE-1
pH IN FERMENTED SOSIHO-TANG WITH
LACTIC ACID BACTERRIA AT 37 °C FOR 48 h

Sample pH

Original Sosiho-tang (SO) 7.00 £0.00
Autoclave Sosiho-tang (ASO) 6.08 +0.00
FSO 129 4.34 £0.00

FSO 144 4.16 £0.00

FSO 442 4.23 +0.00

FSO 693 4.27 £0.01

Sample preparation: The standard solutions of the six
useful components liquiritin, liquiritigenin, baicalin, baicalein,
glycyrrhizin and wogonin were prepared at 200 ug/mL (200
ppm) concentrations by dissolving them in methanol, respec-
tively. The powdered Sosiho-tang was dissolved at a 50 mg/mL
concentration in water, after which this suspension was filtered
through a 0.2 um PVDF membrane filter before analysis. All
the standard and sample solutions were stored at 4 °C.

HPLC-DAD analysis conditions: HPLC analysis was
conducted using the Elite Lachrom HPLC-DAD system
equipped with an L-2130 pump, an L-2200 autosampler, an
L-2350 column oven and an L.-2455 photodiode array UV/VIS
detector (Hitachi High Technologies Co., Tokyo, Japan). The
output signal of the detector was recorded using the EZchrom
Elite software (Version 3.3.1a) for Hitachi. Chromatographic
separation of the useful components was carried out using an
RS-Tech optimapak Cis column (250 x 4.6 mm L.D., 5 pum,
Daejeon, South Korea) and the column temperature was kept
at 40 °C. The mobile phase was composed of A: water/trifluoro
acetic acid (99.9/0.1, vol. %) and B: acetonitrile (100, vol. %)
with gradient elution. To improve the chromatographic-
separation capacity, the mobile phase system performed the
gradient elution as follows: 10 % (0-5 min), 10-40 % (5-40
min) and 40 % (40-60 min) at a flow rate of 1 mL/min. The
wavelength of the UV detector was set at 254 and 280 nm and
the injection volume of each sample was 10 pL. The standard
compounds liquiritin, liquiritigenin, baicalin, baicalein,
glycyrrhizin and wogonin were confirmed via LC-MS
analysis using Agilent 1100 + G1958 (Agilent Technologies,
Inc. USA).
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quantitative variations of the useful components in the bio-
conversion products from Sosiho-tang were determined via
HPLC-DAD and their chromatogram are shown in Fig. 4. The
identification of the useful components of the Sosiho-tang

Time (min)
Fig. 2. Simultaneous analysis of liquiritin (1), baicalin (2), liquiritigenin
(3), baicalein (4), glycyrrhizin (5) and wogonin (6) in a standard
mixture via RP-HPLC-DAD
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Fig. 3. LC-MS spectrum of the standard compounds liquiritin (1), baicalin (2), liquiritigenin (3), baicalein (4), glycyrrhizin (5) and wogonin (6)
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Fig. 4. Analysis screening of bioconversion products with four lactobacillus

strains of liquiritin (1), baicalin (2), liquiritigenin (3), baicalein (4),
glycyrrhizin (5) and wogonin (6) in the original Sosiho-tang, ASO
and FSO samples via RP-HPLC-DAD

samples was based on the comparisons of their retention times
(tr), UV spectra and chromatogram with those of the standard
compounds. The profiles of the components liquiritin (1, tr:
25.01 min), baicalin (2, tg: 34.01 min), liquiritigenin (3, tg:
36.62 min), baicalein (4, tr: 46.17 min), glycyrrhizin (5, tg:
50.70 min) and wogonin (6, tr: 59.03 min) were identified in
the Sosiho-tang samples. The amounts of the useful compo-
nents of the Sosiho-tang samples slightly changed during
fermentation. The amounts of the six components were calcu-
lated based on their calibration curves. For the establishment
of such curves, the serial injection volumes (2 to 40 uL) of the

six standard solutions were analyzed in triplicate. The calibration
curves were constructed by plotting the peak area (Y) vs. the
concentration of each analyzation (x, pg/mL). The regression
equations (Y = ax + b) of each compound were calculated
based on the calibration curves, respectively (shown not here).
The good linearity of this method was confirmed by the corre-
lation coefficient value (r* > 0.9996). The identification of the
six useful components of the original Sosiho-tang, autoclave
treated Sosiho-tang and fermented Sosiho-tang samples are
summarized in Table-2. Overall, all the useful components
decreased during the autoclave treatment. Most of the compo-
nents of Sosiho-tang generally increased compared with those
of autoclave treated Sosiho-tang after fermentation and fermen-
ted Sosiho-tang 144 and 442 showed the highest increase.
Glycyrrhizin and wogonin, however, showed an exceptional
decrease in amount. Among the six analyzed screening compo-
nents, baicalin was found to be the major component of Sosiho-
tang. Its amount was five times higher than those of the other
useful components. In contrast with the above results, glycyr-
rhizin and wogonin were detected in low micro amounts; the
least amounts were 3.62 and 4.61 pg/mL, respectively. Also,
the amounts of baicalin and liquiritigenin increased by 2.96
and 1.92 % after fermentation and those of the other components
of Sosiho-tang had slight variations. The amount of baicalein
after fermentation showed the highest change compared with
those of the others. Its amount in Sosiho-tang also remarkably
decreased during the autoclave treatment. It is known that this
can be carried out at an autoclave system at a high temperature
and pressure. This was expected to damage the cell walls that
were in better contact with the extraction medium (Sosiho-
tang). In addition, depending on the various engineering
parameters, the useful components’ yields increased and
decreased, respectively. That of baicalein increased by 173.41-
216.38 % compared to that of autoclave treated Sosiho-tang
after fermentation. Thus, the reduction of baicalein is considered
indicative of its instability at a high temperature (120 °C,
autoclave condition)'*'¢.

Conclusion

The HPLC-DAD analysis successfully achieved the
screening of the bioconversion products and the variations of

TABLE-2

IDENTIFICATION OF THE USEFUL COMPOUNDS IN THE ORIGINAL SOSIHO-TANG,
AUTOCLAVE TREATED SOSIHO-TANG AND FERMENTATION SOSIHO-TANG

Original Sosiho- | Autoclave treatment Fermentation Fermentation Fermentation Fermentation
tang Sosiho-tang Sosiho-tang 129 Sosiho-tang 144 Sosiho-tang 442 Sosiho-tang 693
Component i i i i i i

g Ret§ntlon Contents Ret§nnon Contents Ret§nt10n Contents Ret.entlon Contents Ret.entlon Contents Ret.entlon Contents
time (ug) time (g) time (1g) time (1) time (1g) time (ug)

(tx min) H&) 1 (t min) H&) 1 (t min) He (t, min) & (emin) M) | (umin) M8

Liquiritin 25.01 1_3(')53 g 24.84 1_0(’)415 g 25.13 1105(’)75 25.13 }‘_2093; 25.13 1_3(’)08 16 25.13 }‘_2(’)7; 51
Balin  se01 2SI | gy IS0 0TSO g0 226 | gy 2SI,y 21120
Liquiritigenin ~ 36.62 j%%% 36.49 12(’)653 36.73 12(’)3519 36.73 15(’)1113 36.73 is(.)90611 36.73 15(’)0;59
Baicalein a6a7 I asos  TON aga7 209 ueny 2 gea7 22 g6y 2O
Gyeymhizin 507 [8% 1 s06 S0 | sose [0 | sose  JOD | soss  JoW | sose  Jo0
Wogonin 5903 S0 | sga3 D007 | soo3 O | sop3 38| sop3 MO 5955 3000
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each compounds in Sosiho-tang. The amount of baicalein
through fermentation showed the highest change compared
with the amounts of the other components. Also, the amounts
of two useful components, baicalin and liquiritigenin, 2.96
and 1.92 % increased, respectively. Thus, it is considered that
the useful components yields through fermentation increased
and decreased depending on the various engineering para-
meters (e.g., high temperature and pressure) as well as micro-
organisms. These results can be applied as the basic data for a
study on the constituents of oriental medicinal herbs and
traditional herbal medicines and on pharmacological evaluation
from fermentation.
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