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Abstract
Orengedokuto is a Kampo formula that has been used for removing “heat” and “poison” to treat inflammation, hypertension, 
gastrointestinal disorders, and liver and cerebrovascular diseases. We report here our analysis of the anti-inflammatory effect 
of the component crude drugs of orengedokuto and their constituents using the inhibition of nitric oxide (NO) production in 
the murine macrophage-like cell line J774.1. An initial comparison of NO production inhibitory activities of the extracts of 
the component crude drugs and their combinations revealed that the activity could be attributed to Phellodendron Bark and 
Coptis Rhizome. Berberine (1), the major constituent of these crude drugs, showed potent activity (IC50 4.73 ± 1.46 μM). 
Quantitative analysis of 1 in the extracts of all combinations of component crude drugs revealed that the amount of 1 in each 
extract of the combination of Scutellaria Root with either Phellodendron Bark and/or Coptis Rhizome was lower than that 
in the corresponding mixtures of the extracts of the individual crude drugs and that 1 was present in the precipitates formed 
during the decoction process. To the contrary, the differences in the amounts of 1 were smaller in the extracts containing 
Gardenia Fruit. These results indicated that the constituents of Scutellaria Root precipitated with 1 and that the constituents 
of Gardenia Fruit dissolved the precipitates. To identify the constituents affecting the solubility of 1, we fractionated the 
hot-water extracts of Scutellaria Root based on solubility tests of 1 to give baicalin (2), wogonin (3) and oroxyloside (4), 
which formed precipitates with 1.

Keywords  Orengedokuto · Anti-inflammatory activity · Nitric oxide (NO) · Phellodendron Bark · Coptis Rhizome · 
Berberine

Introduction

Orengedokuto (黄連解毒湯) is a Kampo formula consist-
ing of Scutellaria Root (root of Scutellaria baicalensis), 
Phellodendron Bark (bark of Phellodendron amurense or 
P. chinense), Coptis Rhizome (rhizome of Coptis japon-
ica, C. chinense, C. deltoidea, or C. teeta), and Gardenia 
Fruit (fruit of Gardenia jasminoides) [1]. It has been used 
to remove “heat” and “poison” in the treatment of inflam-
mation, hypertension, gastrointestinal disorders, and liver 

and cerebrovascular diseases [2]. Although there have been 
many reports on the anti-inflammatory activities of the com-
ponent crude drugs of orengedokuto and their constituents 
[3–21], studies on the anti-inflammatory effects of orenge-
dokuto itself in relation with the constituents that contribute 
to the activity are limited [22, 23].

In a previous study, we quantitatively evaluated the roles 
of the component crude drugs of orengedokuto on pros-
taglandin E2 (PGE2) production inhibitory activity in the 
lipopolysaccharide (LPS)-stimulated macrophage-like cell 
line J774.1 and found that Scutellaria Root was the source 
of the activity and that the combination of its flavonoid con-
stituents, including baicalein, wogonin, 6-methoxywogonin, 
and oroxylin A, could quantitatively explain the activity of 
the orengedokuto extract [24]. In this study, we focused 
on the inhibition of nitric oxide (NO), another mediator 
of inflammation. We analyzed the roles of the component 
crude drugs of orengedokuto and their constituents using 
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the inhibition of LPS-induced NO production in the same 
cell line and the same methods as those used in our previous 
study [24], and we determined the constituents responsible 
for the activity.

Results and discussion

The component crude drugs of orengedokuto, namely, 
Scutellaria Root (S), Phellodendron Bark (P), Coptis Rhi-
zome (C) and Gardenia Fruit (G), were separately extracted 
in the manner that is used to prepare a Kampo decoction; 
after the removal of precipitates, the extracts were freeze-
dried. All combinations of the four crude drugs tested in 
this study were also prepared in the same manner. For these 
combinations, the ratio of S:P:C:G = 3:1.5:1.5:2 was used 
since this is the ratio listed in the Japanese Pharmacopoeia 
[1]. Table 1 shows the amounts of the extracts obtained 
from 20 g of the crude drugs. Among the single crude 
drugs (entries 1–4), Scutellaria Root (entry 1) gave the larg-
est amount of extract, followed by Gardenia Fruit (entry 4), 
Coptis Rhizome (entry 3), and Phellodendron Bark (entry 2).

It is possible that the constituents of the component crude 
drugs interact with each other during the decoction process 
and cause chemical changes in the extract. Therefore, in 

addition to the extracts prepared from mixtures of the crude 
drugs (combined extracts, Table 1, entries 5–15), we pre-
pared mixtures of the extracts of the individual component 
crude drugs (blended extract) in the same ratio at which the 
crude drugs are found in orengedokuto and compared their 
activities. Figure 1 shows the inhibitory activities of the indi-
vidual crude drugs, combined extracts and blended extracts 
at 10 μg/mL on LPS-induced NO production in the same 
cell line used in our previous study (J774.1 cells) [24]. None 
of the samples showed cytotoxicity at this concentration, 
indicating that NO production inhibition was not caused by a 
cytotoxic effect. Orengedokuto extract (SPCG; Table 1 entry 
15) showed only a weak inhibitory activity (18.5%) at this 
concentration but showed significant activity at a higher con-
centration (100 μg/mL, 86.4%). Phellodendron Bark (P) and 
Coptis Rhizome (C) showed the most significant inhibitory 
activities among the individual crude drugs, and the extract 
of C showed more potent inhibitory activity than that of 
P. Among the combinations of the component crude drugs 
(SP−SPCG; Table 1, entries 5–15), the combination of P 
and C, each of which showed significant inhibitory activity, 
showed the strongest inhibitory activity among all of the 
combinations, indicating that the constituents contained in 
P and C are responsible for the activity.

Table 1   The amount of extracts 
and berberine (1) contained 
in each extract prepared from 
the crude drug combinations 
(combined extracts)

Extracts were prepared from 20 g (total amount) of the crude drugs. Entries 1–4 are single crude drugs, 
respectively; entries 5–15 are extracts prepared from mixtures of the crude drugs (combined extracts), 
combined in a ratio of S:P:C:G = 3:1.5:1.5:2
S Scutellaria Root, P Phellodendron Bark, C Coptis Rhizome, G Gardenia Fruit
a Mean ± standard error (SE) (n = 3)
b The amount of 1 in the combined extract presented as a percent compared to the amount of 1 calculated 
from the content of 1 in the P and C extracts
c Values from a single experiment

Entry Weight of crude drug (g) Weight of extract (g)a Amount of 1 (mg)a % of 1b Amount of 1 
in precipitates 
(mg)cS P C G

1 20 − − − 6.34 ± 0.17 − − −
2 − 20 − − 2.72 ± 0.07 382 ± 28 − 12.3
3 − − 20 − 3.44 ± 0.12 797 ± 149 − 43.6
4 − − − 20 4.55 ± 0.20 − − −
5 13.3 6.7 − − 4.98 ± 0.14 120 ± 23 94 130
6 13.3 − 6.7 − 4.98 ± 0.29 190 ± 12 71 99
7 12 − − 8 6.44 ± 0.54 − − −
8 − 10 10 − 2.88 ± 0.05 690 ± 110 117 27
9 − 8.6 − 11.4 3.65 ± 0.47 94 ± 11 57 22
10 − − 8.6 11.4 4.27 ± 0.13 340 ± 24 99 36
11 10 5 5 − 3.69 ± 0.13 110 ± 11 37 420
12 9.2 4.6 − 6.2 5.24 ± 0.16 85 ± 6.4 97 31
13 9.2 − 4.6 6.2 5.43 ± 0.83 250 ± 33 136 47
14 − 6 6 8 3.65 ± 0.36 280 ± 15 79 43
15 7.5 3.75 3.75 5 4.22 ± 0.55 110 ± 30 50 170
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Berberine (1), the major constituent of both P and C, has 
been reported to inhibit NO production in LPS-stimulated 
RAW264.7 macrophages [25]. Therefore, we first examined 
the activity of 1 and found that it showed significant and 
concentration-dependent inhibition, with an IC50 value of 
4.73 μM. Our subsequent analysis of the amount of 1 in the 
extracts (Table 1) using the method described in the Japa-
nese Pharmacopoeia [1] revealed that the extracts of P and 
C contained 382 ± 28 and 797 ± 149 mg of 1, respectively, 
which clearly explains the difference between the inhibi-
tory activities of extracts of P and C. Among the combina-
tions of crude drugs, the amounts of 1 in the PC (entry 8) 
and the CG (entry 10) combined extracts, both of which 
showed strong activity, were 690 ± 110 and 340 ± 24 mg, 
respectively. The amount of 1 in the PC extract may explain 
the difference between the activities of the combined and 
blended extracts of PC: the combined extract contained 
more berberine (690 mg) than the blended extract (589.5 mg, 
calculated from the amount of 1 in the P and C extracts). 
The amount of 1 in another combined extract with signifi-
cant activity, PCG (entry 14), was 280 ± 15 mg. In contrast, 
the amounts of 1 in the other PC-containing combinations, 
SPC (entry 11) and SPCG (entry 15), both of which showed 
only weak activities, were 110 ± 11 and 110 ± 30 mg, respec-
tively. From these results, it is evident that NO production 
inhibitory activities of the extracts corresponded well with 
the amounts of 1 in the extracts.

Figure 2 shows the inhibitory effect of the PC extract 
and the effect of 1 at an amount equivalent to that con-
tained in the extract on the production of NO. The PC 
extract and the corresponding amount of berberine (1) 

showed comparable activities: the PC extract at 50 μg/mL 
showed 74.2% inhibition, and at the corresponding con-
centration (36.3 μM), 1 showed 72.6% inhibition. Figure 3 
shows the inhibitory effects of the SPCG (orengedokuto) 
extract and the effect of 1 at an amount equivalent to that 
seen in the extract on the production of NO. Berberine (1) 
also showed comparable inhibition to the SPCG extract at 
each concentration. Thus, it would appear that the NO pro-
duction inhibitory activity of the orengedokuto (SPCG) 
extract in this assay system is mainly attributable to 1.

Although the differences were not significant, the PC 
extract showed stronger inhibition than the corresponding 
amount of berberine (1), and the SPCG extract showed 
less activity. Fujii et al. recently reported the identifica-
tion of the anti-inflammatory constituents in the methanol 
extracts of Phellodendron Bark and Coptis Rhizome by 
monitoring the suppression of NO production [26]. They 
divided the extracts into non-alkaloidal and alkaloidal 
fractions and showed that both fractions of the Phelloden-
dron Bark extract and the alkaloidal fraction of the Coptis 
Rhizome extract suppressed NO production. They found 
that berberine (1) isolated from the alkaloidal fraction of 
both crude drugs, obakunone and limonin isolated from 
the non-alkaloidal fraction of Phellodendron Bark, and 
coptisine isolated from the alkaloidal fraction of Coptis 
Rhizome inhibited NO production. Coptisine [27, 28] and 
other berberine-type alkaloids may explain the stronger 
activity of the PC extract relative to the corresponding 
amount of 1. However, as we used water extracts, the con-
tribution  of limonoids to the activity may not be as large.

Fig. 1   Inhibitory activity of the extracts (10 μg/mL) on nitric oxide 
(NO) production. Cont Control, NMMA NG-monomethyl-l-arginine, 
50 μM. S Scutellaria Root, P Phellodendron Bark, C Coptis Rhizome, 
G Gardenia Fruit. Asterisks and hash mark indicate significant differ-

ences at: *p < 0.05, **p < 0.01, ***p < 0.001 (vs. control); #p  < 0.05. 
Gray bars indicate a single crude drug, Black bars indicate a blended 
extract, shaded bars with diagonal lines indicate combined extract. 
Data are presented as the mean ± standard error (SE)
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As described above, the SPC and SPCG extracts contained 
lower amounts of berberine and showed only weak activi-
ties. Combinations of S with P and/or C showed significantly 
lower activities than the combinations without S; i.e., the 
SP, SC and SPC combinations showed significantly weaker 
activities than the P, C, and PC extracts, respectively. Thus, 
although S did not inhibit NO production, it decreased the 
ability of P and C to inhibit NO production. The amount of 
1 in the SPC combined extract was significantly lower (37%) 
than that in the corresponding blended extract (Table 1, entry 
11). This result suggests that the constituents of the crude 
drugs were interacting during the extraction process and that 
the compounds affecting the extraction efficiency of 1 in the 
SPC combination seemed to be contained in S.

It has been reported that berberine (1) forms precipi-
tates with the baicalin (2) and wogonoside (3) contained in 
Scutellaria Root [29, 30]. As we removed insoluble materials 
by centrifugation during the preparation of the extracts, a 

part of 1 may have been removed as precipitates. There-
fore, we examined the amount of 1 in the precipitates. In the 
combinations of S with P and/or C (Table 1, entries 5, 6, 11, 
and 15), large amounts of 1 were found in the precipitates. 
The amount of 1 in the precipitates was especially large in 
the  SPC  extract (420 mg), which was 30-fold more than 
that calculated for PC (27 × 10/20 = 13.5 mg). However, 
when Gardenia Fruit (G) was added to this combination 
(i.e., SPCG), the amount of 1 in the precipitate decreased 
to 170 mg, which was only 17-fold greater than the pre-
dicted amount (27 × 7.5/20 = 10.1 mg). The same relation-
ship was observed between  SP and SPG (entries 5 and 
12) and between SC and SCG (entries 6 and 13). Thus, it 
would appear berberine (1) interacts with the constituents of 
Scutellaria Root (S) to form precipitates, and the constitu-
ents of Gardenia Fruit (G) dissolve the precipitates.

Although it is known that 1 forms precipitates with baicalin 
(2) and wogonoside (3) present in S [29, 30], we searched 

Fig. 2   Comparison of the NO 
production inhibitory activity 
of the PC extract and the cor-
responding amount of berberine 
(1). PC PC combined extract. 
Data are presented as the mean 
± SE

Fig. 3   Comparison of the NO 
production inhibitory activity of 
orengedokuto (SPCG) extract 
and the corresponding amount 
of berberine (1)
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for the constituents in the extract of S that form precipitates 
with 1. A hot-water extract of S was fractionated based on 
precipitate-formation tests, resulting in the isolation of three 
known flavone glucuronides, i.e., baicalin (2), wogonoside (3) 
and oroxyloside (4) (Fig. 4). Figure 5 shows the turbidity plot 
of the mixture of flavone glucuronides (2–4) with 1. Baicalin 
(2) and oroxyloside (4) showed similar turbidity changes and 
reached their highest turbidities at a molar ratio of 1:2 with 
1. To the contrary, wogonoside (3), which has a substitution 
pattern on its A-ring that differs from that of 2 and 4, reached 
its maximum turbidity at a molar ratio of 2:1 with 1.

In our study we investigated the roles of the constituent 
crude drugs of the orengedokuto formula in the inhibition of 
NO production activity. The extracts of two of the compo-
nent crude drugs, Phellodendron Bark and Coptis Rhizome, 
strongly inhibited NO production at the same concentration 
contained in the orengedokuto extract, and the active compo-
nent in each of these materials was berberine (1), the major 
constituent of these crude drugs. We previously analyzed 
the inhibitory activity of orengedokuto on PGE2 production 

and found that this inhibitory activity could be attributed 
to a mixture of the flavonoids from Scutellaria Root [24, 
31] and that these flavonoids showed a synergistic effect by 
acting on different steps in the biosynthesis of prostaglan-
din (PG) [32]. However, although Scutellaria Root and its 
constituents have been reported to inhibit NO production 
[5–7], and, in addition, we found in a previous study that 
the flavone constituents of Scutellaria Root inhibited NO 
production in our assay system [32], in the present study 
Scutellaria Root extract did not show significant inhibition 
of NO production compared to the inhibition of the Phel-
lodendron Bark and Coptis Rhizome. In contrast, its flavo-
noid glucuronides, i.e., baicalin (2), wogonoside (3), and 
oroxyloside (4), reduced NO production inhibitory activity 
by forming precipitates with berberine (1). There have also 
been reports on the inhibition of NO production by Gardenia 
Fruit and its constituents [16, 19, 20]. However, the extract 
of Gardenia Fruit itself also did not show inhibitory activity 
at a concentration equivalent to that of the orengedokuto 
extract. To the contrary, the constituents of Gardenia Fruit 
dissolved the berberine–baicalin precipitates. The identifica-
tion of the constituents of Gardenia Fruit necessary for this 
activity will be reported elsewhere.

A Kampo formula is a mixture of crude drugs that con-
tains a variety of constituents. Although it is generally 
believed that the effects of a Kampo formula are the sum 
of the effects of its many constituents, detailed analyses of 
the constituents involved in the effects of Kampo formulae 
are limited. In the present study, our comparison of the NO 
production inhibitory activities of extracts of combinations 
of the component crude drugs together with the quantita-
tive analysis of berberine (1) in the extracts enabled us to 
determine the roles of the constituents of the component Fig. 4   Structures of berberine (1) and flavone glucuronides (2–4)

Fig. 5   Turbidity of berberine (1)–flavonoid glucuronide mixtures 
(2–4)
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crude drugs and their interactions within orengedokuto. This 
strategy will be effective for evaluating the effectiveness of 
Kampo formulae and contribute to the development of a 
scientific basis for Kampo medicines.

Materials and methods

General procedure

High-performance liquid chromatography analyses were 
performed on an LC-10A HPLC system (Shimadzu, Kyoto, 
Japan) equipped with a column compartment (CTO-10A), a 
degasser (DGU-12A), a pump (LC-10ADvp) and a detector 
(SPD-10A). 1H- and 13C-NMR spectra were recorded on a 
JEOL FT-NMR ECP-600 spectrometer (JEOL Ltd., Tokyo, 
Japan), and chemical shifts are expressed in δ (ppm) relative 
to tetramethylsilane (TMS) as an internal standard.

Materials

The crude drugs used for the preparation of extracts, Scutel-
laria Root (S; Lot. 004609007), Phellodendron Bark (P; Lot. 
001310001), Coptis Rhizome (C; Lot. 001210002) and 
Gardenia Fruit (G; Lot. 001110001), were purchased from 
Tochimoto Co. (Osaka, Japan). Baicalin (Lot. STL2939) and 
baicalein (Lot. PKF2197) were purchased from Wako Pure 
Chemical Industries, Ltd. (Osaka, Japan). Berberine chloride 
was purchased from Tokyo Chemical Industry Co. (Tokyo, 
Japan).

Preparation of the extracts

Extracts were prepared as described previously [24]. In brief, 
cut crude drug materials (single crude drug or a combina-
tion of multiple crude drugs [combined extract], 20 g) were 
boiled in distilled water (400 mL) in a decoction apparatus 
for 30 min. The extract was filtered through gauze and cen-
trifuged at 1000 g at 25 °C for 10 min, and the supernatant 
was freeze–dried to provide the extract. The procedure was 
repeated to prepare a total of three batches, and the average 
weight and standard error were calculated. The ratio of the 
composition of the component crude drugs in orengedokuto 
is S:P:C:G = 3:1.5:1.5:2 [1].

The extracts of the component crude drugs prepared as 
above were mixed to prepare blended extracts corresponding 
to the combinations shown in entries 5–15 in Table 1 in the 
ratio of S:P:C:G = 4.7:1:1.3:2.2. The ratio was calculated as 
a product of the average yield of each extract and the com-
position ratio in orengedokuto of each crude drug, S:P:C:G 
= (6.34 × 3):(2.72 × 1.5):(3.44 ×  1.5):(4.55 × 2).

Quantitative analysis of berberine

The quantitative analysis of berberine was carried out 
according to a published method [33]. Briefly, the analy-
sis was carried out on a Capcell Pak C18 MG-type column 
(5 μm, 4.6 mm i.d. × 250 mm) (Lot. AKAD02624) (Shiseido 
Fine Chemical Co., Tokyo, Japan), with 50% CH3CN 
(1000 mL) containing KH2PO4 (3.4 g) and sodium lauryl 
sulfate (1.7 g) as the eluent at a flow rate of 0.9 mL/min. 
The column was maintained at 40 °C, and berberine was 
quantified by the absorbance at 345 nm.

Measurement of NO production in the J774.1 cell 
line

The NO produced was quantified by the Griess method [34]. 
Briefly, a murine macrophage-like cell line, J774.1, was 
grown in Dulbecco’s modified Eagle’s medium (DMEM; 
Life Technologies Japan Ltd., Tokyo, Japan) supplemented 
with 10% heat-inactivated fetal bovine serum (Cat. no. 
S1560; Biowest Co., Nuaillé, France) and 1% penicillin/
streptomycin/glutamine (Cat. no. 10378-016; Gibco Co., 
UK, Thermo Fisher Scientific, Waltham, MA, USA) at 
37 °C under a humidified 5% CO2 atmosphere. The cells 
were seeded into the wells of a 96-well culture plate (Falcon; 
Thomas Scientific, Swedesboro, NJ, USA) at a density of 
5.0 × 105 cells/mL in 200 μL of medium, and the cells were 
allowed to adhere to the plate for 24 h, following which 
the medium was replaced with fresh medium containing 
LPS (Cat. no. L2637; Sigma-Aldrich Co., St. Louis, MO, 
USA; 5 μg/mL) and the test compound (each 100 μL). After 
further incubation for 24 h, the supernatant (50 μL) was 
transferred to a new plate and mixed with an equal volume 
of Griess reagent, which consists of 1% sulfanilamide (Cat. 
no. 191-04502, Wako Pure Chemical Industries, Ltd.) and 
0.1% N-(1-naphthyl)ethylenediamine dihydrochloride (Cat. 
no. 147-04141, Wako Pure Chemical Industries, Ltd.) in 
5% phosphoric acid solution. Absorbance at 550 nm was 
measured with a microplate reader (model no. MTP-810 lab; 
Corona Electric Co. Ltd., Hitachi City, Japan). The percent-
age inhibition was calculated as follows:  % of control = [As/
Ac] × 100, where Ac and As are the absorbances of the 
control (treated with LPS alone) and the cells treated with 
LPS and a sample, respectively. NG-monomethyl-l-arginine 
(NMMA; IC50 32 μM) (Cat. no. 345-07161; Dojindo Labo-
ratories Co., Ltd., Osaka, Japan) was used as the positive 
control for NOS inhibition [35].

Cell viability

Cell viability was determined by the mitochondrial respi-
ration-dependent 3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphe-
nyltetrazolium bromide (MTT) reduction method [36]. 
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Briefly, the cells in 50 μL of the medium described above 
were combined with 5 mg/mL MTT solution (Dojindo Labo-
ratories Co., Ltd.) (5 μL) and incubated for 3 h at 37 °C 
under a humidified 5% CO2 atmosphere. The supernatant 
was then removed, the violet formazan crystals from the 
viable cells were dissolved in 50 μL of DMSO, and absorb-
ance was measured at 595 nm.

Statistics

All data are presented as the mean ± standard error of three 
independent experiments. The differences between the 
activities of the LPS control and those of the samples were 
evaluated by a one-tailed Student’s t test using StatPlus 2009 
for Mac OS (AnalystSoft Inc., Walnut, CA, USA). Multiple 
comparisons were conducted by one-way analysis of vari-
ance followed by Dunnett’s post hoc test.

Precipitation test with berberine

An aqueous solution (5 mL) of berberine chloride (1 mM) 
was mixed with an aqueous solution (5 mL) of a test sam-
ple at room temperature, and the turbidity of the resulting 
mixture was measured by a turbidimeter (model no. TR-55; 
Kasahara Chemical Instruments Co., Kuki-City, Japan). As 
a blank test, the turbidity of a mixture of test sample solution 
and water (5 mL) was measured and its turbidity subtracted 
from those of the test samples.

Isolation of precipitate‑forming constituents 
from Scutellaria Root

Scutellaria Root (S; 1.5  kg) (Lot. P031010201) was 
extracted four times with hot water (4.5 L), 40 min each 
time. The combined extracts were applied to a column of 
Diaion HP-20 (ϕ 12 × 10 cm) and eluted with    H2O (8 L) 
followed by MeOH (40 L) to obtain water (fresh dry weight 
[fr. DW] 492 g; turbidity [Tur.] 17.2) and MeOH [fr. DM 
59.5 g; Tur. 0) eluates. A portion of the eluates (fr. DW 
12.8 g) was dissolved in H2O (100 mL) and chromato-
graphed on a column of Diaion CHP-20 P (ϕ 5 × 10 cm) 
with water-–eOH to obtain eight fractions: (1) fr. DW-1 
[Tur. 0.02], H2O elute (1 L), 7.03 g; (2) fr. DW-2 [Tur. 
19.1], H2O elute (0.5 L), 129 mg; (3) fr. DW-3 [Tur. 8.11], 
H2O:MeOH = 9:1 elute (0.1 L), 325 mg; (4) fr. DW-4 [Tur. 
33.4], H2O:MeOH = 1:9 elute (2.5 L), 1.54 g; (5) fr. DW-5 
[Tur. 41.0], H2O:MeOH = 1:4 elute (3.5 L), 1.02 g; (6) fr. 
DW-6 [Tur. 19.9], H2O:MeOH = 1:2 elute (1.8 L), 615 mg; 
(7) fr. DW-7 [Tur. 0.7], H2O:MeOH = 1:1 elute (2.5 L), 
549.1 mg; (8) fr. DW-8 [Tur. − 6.3], MeOH elute (1.5 L), 
656 mg.

Fr. DW-4 [Tur. 33.4] (1.54 g) was suspended in H2O 
(100  mL), chromatographed on CHP-20P column (ϕ 

5 × 10  cm),     and eluted with    H2O−MeOH to give 
seven fractions: (1) fr. DW-4-1 [Tur. 0], H2O elute (0.5 
L), 3.2 mg; (2) fr. DW-4-2 [Tur. 0], H2O:MeOH = 8:1 
elute (0.5 L), 8.4  mg; (3) fr. DW-4-3 [Tur. 9.1], 
H2O:MeOH = 4:1 elute (0.5 L), 19.1 mg; (4) fr. DW-4-4 
[Tur. 0], H2O:MeOH = 3:1 elute (0.5 L), 9.7 mg; (5) fr. 
DW-4-5 [baicalin (2)], H2O:MeOH = 2:1 elute (0.6 L), 
225 mg; (6) fr. DW-4-6 [Tur. 29.5], H2O:MeOH = 2:1 elute 
(1.3 L) → H2O:MeOH = 1:1 elute (1.0 L), 1.19 g; (7) fr. 
DW-4-7 [Tur. 0], MeOH elute (1.0 L), 22.9 mg. A portion 
of fr. DW-4-6 (1.07 g) was fractionated on a CHP-20P 
column (ϕ 5 × 8 cm) with   H2O –MeOH to obtain three 
fractions: (1) fr. DW-4-6-1 [Tur. 0], H2O elute (0.2 L), 
7.7 mg; (2) fr. DW-4-6-2 [Tur. 0], H2O:MeOH = 4:1 elute 
(1.0 L), 10.6 mg; (3) fr. DW-4-6-3 [Tur. 29.5], MeOH elute 
(3.0 L), 503.3 mg]. Fr. DW-4-6-3 (398 mg) was chroma-
tographed on CHP-20 P (ϕ 5 × 8 cm) with  H2O–MeOH 
(1:0 → 0:1) to obtain seven fractions: (1) fr. DW-4-6-3-1 
[Tur. 0], 5.0 mg; (2) fr. DW-4-6-3-2 [Tur. 0], 5.0 mg; 
(30 fr. DW-4-6-3-3 [Tur. 0], 3.5 mg; (4) fr. DW-4-6-3-
4, 120.4 mg [baicalin (2)]; (5) fr. DW-4-6-3-5, 166.0 mg 
[baicalin (2)]; (6) fr. DW-4-6-3-6, 86.4 mg [oroxyloside 
(4)]; (7) fr. DW-4-6-3-7 [Tur. 0], 12.6 mg.

Fr. DW-5 (1.02 g) [Tur. 41.0] was suspended in H2O 
(200 mL) and its supernatant was applied to a CHP-20P 
column (ϕ 4.5 × 17 cm) with H2O–MeOH to obtain six frac-
tions: (1) fr. DW-5-1 [Tur. 1.09], H2O elute, 32.5 mg; (2) 
fr. DW-5-2 [Tur. 6.45], H2O elute, 10.4 mg; (3) fr. DW-5-3 
[Tur. 17.1], 20% MeOH elute, 11.5 mg; (4) fr. DW-5-4, 
468 mg [baicalin (2)]; (5) fr. DW-5-5 [Tur. 12.2], 466 mg; 
(6) fr. DW-5-6 [Tur. 0], 8.6 mg.

Fr. DW-5-5 (466 mg) was suspended in H2O (10 mL), 
chromatographed on a column of MCI gel CHP-20 P (ϕ 
4 × 24 cm) and eluted with CH3CN/MeOH/H2O → MeOH to 
obtain nine fractions: (1) fr. DW-5-5-1, 4.3 mg; (2) fr. DW-5-
5-2, 1.7 mg; (3) fr. DW-5-5-3, 1.2 mg; (4) fr. DW-5-5-4, 
4.3 mg; (5) fr. DW-5-5-5, 7.2 mg; (6) fr. DW-5-5-6, 1.9 mg; 
(7) fr. DW-5-5-7, 107.3 mg; (8) fr. DW-5-5-8, 159.5 mg; 
(9) fr. DW-5-5-9; 30.6 mg. Fr. DW-5-5-8 (159.5 mg) was 
applied to a PTLC ODS RP-18 developed with 50% MeOH 
to give wogonoside (3) (102 mg).

Baicalin (2) [37]  The identity was confirmed by direct com-
parison with a commercially available sample.

Wogonoside (3) [37]  Yellow powder. 1H-NMR (600 MHz, 
DMSO-d6, J = Hz): 8.10 (2H, d, J = 6.5, H-2′/-6′), 7.62 (3H, 
m, H-3′/-4′/-5′), 7.07 (1H, s, H-3), 6.69 (1H, s, H-6), 5.08 
(1H, d, J = 7.1 Hz, H-1″), 3.91 (3H, s, OCH3), 3.5−3.0 
(H-2″ ~ H-5″, overlapped). 13C-NMR (150 MHz, DMSO-
d6, J = Hz): 182.9 (C-4), 172.0 (COOH), 164.1 (C-2), 157.2 
(C-7), 156.5 (C-5), 149.6 (C-9), 132.8 (C-4′), 131.3 (C-1′), 
129.8 (C-3′/-5′), 129.7 (C-8), 127.0 (C-2′/-6′), 105.8 (C-3), 
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105.7 (C-10), 101.0 (C-1″), 99.6 (C-6), 77.2 (C-5″), 74.4 
(C-3″), 73.7 (C-2″), 72.5 (C-4″), 61.9 (OCH3).

Oroxyloside (4) [38]  Yellow powder. 1H-NMR (600 MHz, 
DMSO-d6, J = Hz): 8.07 (2H, d, J = 7.1, H-2′/-6′), 7.60 
(3H, m, H-3′/-4′/-5′), 7.07 (1H, s, H-8), 7.02 (1H, s, H-3), 
5.35 (1H, d, J = 6.0 Hz, H-1″), 3.78 (3H, s, OCH3), 3.5–3.0 
(H-2″–H-5″, overlapped). 13C-NMR (150 MHz, DMSO-d6, 
J = Hz): 182.5 (C-4), 170.1 (COOH), 163.8 (C-2), 156.3 
(C-7), 152.8 (C-5), 152.3 (C-9), 132.7 (C-6), 132.2 (C-4′), 
130.6 (C-1′), 129.2 (C-3′/-5′), 126.4 (C-2′/-6′), 106.1 (C-10), 
105.0 (C-3), 99.7 (C-1″), 94.3 (C-8), 76.1 (C-3″), 75.6 
(C-5″), 73.0 (C-2″), 71.4 (C-4″), 60.6 (OCH3).
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