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Chemical change during boiling of herbalmixture is a puzzle. By usingDanggui BuxueTang (DBT), a herbal decoction that contains
Astragali Radix (AR) andAngelicae Sinensis Radix (ASR), we developed amodel in analyzing the hydrolysis of flavonoid glycosides
during the boiling of herbal mixture in water. A proper preparation of DBT is of great benefit to the complete extraction of bioactive
ingredients. Boiling of DBT in water increased the solubility of AR-derived astragaloside IV, calycosin, formononetin, calycosin-
7-O-𝛽-D-glucoside, and ononin in a time- and temperature-dependent manner: the amounts of these chemicals reached a peak
at 2 h. The glycosidic resides of AR, calycosin-7-O-𝛽-D-glucoside, and ononin could be hydrolyzed during the moderate boiling
process to form calycosin and formononetin, respectively. The hydrolysis efficiency was strongly affected by pH, temperature, and
amount of herbs. Interestingly, the preheated herbs were not able to show this hydrolytic activity. The current results supported the
rationality of ancient preparation of DBT in boiling water by moderate heat.

1. Introduction

Herbal decoction, as a water extractive, is a common form of
preparation in traditional Chinese medicines (TCMs). This
water preparation, recorded in the earliest medicinal book
“52 Bing Fang (Prescriptions for Fifty-two Diseases)”, has been
used in China for more than 3,000 years. Among the 113
herbal formulae in “Shanghan Lun” by Zhang Zhongjing in
Han dynasty, 95 of themwere prepared as a form of decoction
[1]. In preparing a TCM decoction, the boiling procedure in
water had been demonstrated to be an efficient extracting
method of active ingredients from the herbs [2, 3], which
could efficiently extract the chemicals through multiple
factors including temperature, solvent, and time. However,
the chemical change during this boiling of herbal mixture is
largely unknown, which impedes the understanding of our
ancient wisdom of herbal preparation.

Among thousands of herbal decoction, Danggui Buxue
Tang (DBT) is a simple combination of two herbs, which
is commonly used as a health food supplement for women
aliments. DBT was first described in Neiwaishang Bianhuo
Lun by Li Dongyuan (AD 1247) in China. Li described
the DBT formula that should include 10 qian of Astragali
Radix (AR), roots ofAstragalusmembranaceus (Fisch.) Bunge
or Astragalus membranaceus (Fisch.) Bungevar. mongholicus
(Bunge) P. K. Hsiao, and two qian of Angelicae Sinensis Radix
(ASR), roots of Angelica sinensis (Oliv.) Diels. This formula
should be boiled in two bowls of water over moderate heat
until the final volume is reduced by half [3, 4]. Women with
menopausal symptomswere prescribed to drinkDBTdaily to
enrich their “Qi” andnourish their “Blood” [3]. Indeed, recent
pharmacological results indicated that DBT had the ability to
promote hematopoietic function, to stimulate cardiovascular
circulation, to strengthen immune response, to increase
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insulin sensitivity, to prevent osteoporosis, and to act as
antioxidants [5–10].

The AR-derived flavonoids, including formononetin,
calycosin, ononin, and calycosin-7-O-𝛽-D-glucoside, were
shown to play important roles in the functions of DBT, for
example, osteogenic effect, estrogenic effect, and erythro-
poietic effect [11–13]. Our previous studies showed that the
amount of chemicals derived from AR, soluble in DBT, was
higher than the water extract derived from single herb of
AR, and it is interesting that the amounts of formononetin
and calycosin were dependent on the boiling conditions [7].
Moreover, the erythropoietic function of DBT in inducing
hypoxia-inducible factor-1𝛼 (HIF-1𝛼) was mediated by the
AR-flavonoids, and interestingly the aglycone flavonoids
showed better efficiency than that of the glycone partners [13].
By using DBT as an example here, we aimed to reveal the
solubility and the possible chemical change of AR-derived
astragaloside IV, calycosin, formononetin, calycosin-7-O-𝛽-
D-glucoside, and ononin in the herbal decoction during
boiling process. This study aimed to develop a model system
in analyzing the dynamic change of chemicals during boiling
of herbal mixture.

2. Materials and Methods

2.1. Plant Materials and Reagents. Three-year-old Astragalus
membranaceus var. mongholicus roots from Shanxi province
[14] and two-year-old Angelica sinensis roots from Minxian
in Gansu province [15] were collected.These areas are known
to produce the best quality of AR and ASR [4], respectively.
The authentication of plant materials was identified mor-
phologically by Dr. Tina Dong at Hong Kong University
of Science and Technology (HKUST). Their corresponding
voucher specimens as forms of whole plants, voucher number
11-08-4 for AR and voucher number 10-11-1 for ASR, were
deposited in the Center for Chinese Medicine at the Hong
Kong University of Science and Technology. Astragaloside
IV was purchased from National Institute for the Control
of Pharmaceutical and Biological Products (Beijing, China).
Calycosin, formononetin, ononin, and calycosin-7-O-𝛽-D-
glucoside were purchased from Weikeqi Biotechnology Co.
(Sichuan, China). The purities of these chemical mark-
ers, confirmed by high-performance liquid chromatography
(HPLC), were higher than 98.0%. Analytical- and HPLC-
grade reagents were purchased from Merck (Darmstadt,
Germany).

2.2. Sample Preparation of DBT. Thirty gram of sliced AR
and six gram of sliced ASR were mixed (the ratio is 5 : 1) and
then boiled in 288mL (w : v = 1 : 8) of water. To determine
the accumulated amounts of AR-derived chemicals during
boiling process, the temperature was controlled to rise 5∘C
every 10min; after boiling for 30min, the temperature was
controlled to rise 10∘C every 10min until it reached 100∘C.
Every 10min, 0.5mL solution was withdrawn from the
decoction before it reached 100∘C. At 100∘C, 0.5mL solution
was withdrawn every half an hour. The collected decoction
was centrifuged at 16,000×g for 10min at 4∘C, and the

supernatant was collected and stored at−20∘C for LC/MS/MS
analysis. To compare the amounts of AR-derived chemicals
in DBT decoctions with different boiling process, two DBT
decoctions were prepared, one was boiled using moderate
heating (as described above), the other was boiled with
high heating directly (the herbs were added onto boiling
water directly for 4.5 h). After boiling, sample solution was
withdrawn and centrifuged at 16,000×g for 10min at 4∘C,
and the supernatant was collected and stored at −20∘C for
LC/MS/MS analysis.

2.3. Sample Preparation of Hydrolytic Analysis. To determine
the effect of ASR or AR on the hydrolysis of flavonoid
glycosides, a defined amount of calycosin-7-O-𝛽-D-glucoside
and ononin was added to the powder form of ASR or AR
solution with different concentration. The AR powder was
used as a blank for background calculation, since the four
tested flavonoids were only existing in AR. The heated ASR
and AR powders were done by heating at 100∘C for 30min in
an oven. After 4 h, 0.5mL of the solutionwaswithdrawn from
each sample, the solution was centrifuged at 16,000×g for
10min at 4∘C, and the supernatant was collected and stored
at −20∘C for further LC/MS/MS analysis. In the testing of
pH and temperature, similar procedure was done. For pH
values 3 and 4, glycine-HCl bufferwas used, and for pHvalues
5 and 6 sodium phosphate buffer was used, while sodium
phosphate buffer was used for pH value 7, and the pH value
was adjusted by HCl and/or NaOH.

2.4. Chemical Analysis by RRLC-QQQ-MS/MS. An Agilent
1200 series system (Agilent, Waldbronn, Germany), which
was equippedwith a degasser, a binary pump, an autosampler,
and a thermo-stated column compartment, was used for the
analysis. The chromatographic condition was as described
previously [16]. For the MS/MS analysis, an Agilent QQQ-
MS/MS (6410A) equipped with an ESI ion source was used
for all analyses.Themarker chemicals inDBTwere quantified
as fully described previously [16].

2.5. Cell Culture. Human mammary epithelial carcinoma
MCF-7 cells and human embryonic kidney fibroblast (HEK)
293T cells were obtained from American Type Culture
Collection (ATCC, Manassas, VA). MCF-7 cells were grown
in modified Eagle’s medium (MEM), supplemented with 10%
fetal bovine serum, 2mM L-glutamine, 0.1mM nonessential
amino acids, 1mMpyruvate, 100 units/mL penicillin, and 100
units/mL streptomycin in a humidified CO

2
(5%) incubator

at 37∘C.HEK-293T cells were cultured inDulbecco’smodified
Eagle’s medium (DMEM), supplemented with 10% fetal
bovine serum, 100 units/mL penicillin, and 100 units/mL
streptomycin in a humidifiedCO

2
(5%) incubator at 37∘C. All

culture reagents were purchased from Invitrogen Technolo-
gies (Carlsbad, CA).

2.6. Estrogenic and Erythropoietic Assay. Three repeats of
estrogen responsive elements (ERE: 5󸀠-GGT CACAGTGAC
C-3󸀠) were synthesized and then subcloned into a luciferase-
reporter vector called pTAL-Luc (BD Biosciences Clontech,
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Table 1: Mass spectra properties of marker chemicals.

Chemical Formula Calculated
mass [M]

Precursor ion
[M −H]a

Fragmentor
energyb

Collision
energyc

Production
iond

Retention time
(min)e

Formononetin C16H12O4 268.1 267.1 150
17 252

13.96629 223

Astragaloside IV C41H68O14 784.9 829.5f 190
5 829.5

9.87325 783.2

Calycosin C16H12O5 284.1 283.1 100
13 268

7.89429 211

Ononin C22H22O9 430.4 465.1 80
5 267.1

6.25723 252.1

Calycosin-7-O-𝛽-D-glucoside C22H22O10 446.1 481 120
5 283.1

2.74927 268.1

Ginsenoside Rg1 C42H72O24 800.5 799.5 250
5 799.5

5.29321 637.3
aThe detected chemicals had the greatest responses under the negative mode: the [M −H]− was used as the precursor ion.
bThe fragmentor energy was optimized to have the greatest ionize efficiency.
cThe collision energy was optimized to have the greatest product ion intensity, which was the key factor in the MRMmode.
dTwo product ions were used for the MRM analysis. The upper one was used for quantitative analysis and the lower one was for qualitative analysis, which
could guarantee the precision of analytes.
eThe retention time was determined by 3 different individual analyses (𝑛 = 3).
fThe precursor ion of astragaloside IV was [M + HCOOH −H]− under the negative mode.

San Jose, CA) to form pERE-Luc. This reporter was stably
transfected to MCF-7 cells [17]. After transfection with the
luciferase reporter gene construct and drug treatment for
48 h, cultures were then collected by lysis buffer contain-
ing 0.2% Triton X-100, 1mM dithiothreitol, and 100mM
potassium phosphate buffer, pH = 7.8, and which was then
subjected to luciferase and protein assays. Luciferase assay
was performed by a commercial kit (Tropoc Inc., Bedford,
MA). The readings corresponding to luciferase activities
were quantified by FLUOstar Optima (BMG Labtech), where
luciferase activitieswere normalized permgof protein in each
sample.

Six repeats of hypoxia responsive elements (HRE: 5󸀠-
TCG AGG CCC TAC GTG CTG TCT CAC ACA GCC
TGT CTG ACG-3󸀠) were synthesized, concatemerized, and
then cloned in tandem (head-to-tail orientation) into pBI-
GL vectors (BDBiosciences Clontech) that had a downstream
reporter of firefly luciferase gene [4]. This vector was named
as pHRE-Luc [18]. Cultured HEK293T cells were transiently
transfected with pHRE-Luc by the calcium phosphate precip-
itationmethod [19].The transfection efficiency was over 80%,
as determined by another control plasmid that is having a 𝛽-
galactosidase, under a cytomegalovirus enhancer promoter.
After transfection and drug treatment for 48 h, cell lysate
was collected, and luciferase activity was determined as in
estrogenic assay in MCF-7 cells.

2.7. Statistical Analysis and Other Assays. Protein concentra-
tions were measured routinely by Bradford’s method with a
kit fromBio-RadLaboratories (Hercules, CA). Statistical tests
were done by using one-way analysis of variance. Data were

expressed as Mean ± SD, where 𝑛 = 3. Statistically significant
changes were classified as significant (∗), where 𝑃 < 0.05 and
highly significant (∗∗), where 𝑃 < 0.01.

3. Results

3.1. Quantification of the Change of Chemicals during Boiling
Process of DBT. DBT was prepared under two different
boiling processes, one was boiled using moderate heat
(denoted as DBT-M), while the other one was boiled under
strong heating directly (denoted as DBT-H). After boiling,
the two decoctions (DBT-M or DBT-H) were subjected to
chemical analysis. The amounts of AR-derived astragaloside
IV, calycosin, formononetin, calycosin-7-O-𝛽-D-glucoside,
and ononinwere determined.The chemical structure of these
markers (Figure 1(a)) and their characteristics in the MS/MS
(Table 1) were revealed. The typical MS/MS chromatograms
of the eightmarkers, as well as the included internal standard,
in the herbal extracts were shown in Figure 1(b).Themethod
validation was done as fully described previously [16]. Our
results showed that the two DBTs showed significant varia-
tion in chemical composition (Figure 2). Higher amount of
glucoside nonconjugated flavonoids, for example, calycosin
and formononetin was revealed in DBT-M, while the gluco-
side conjugated flavonoids, for example, calycosin-7-O-𝛽-D-
glucoside and ononin, were significantly higher in DBT-H.
The amount of astragaloside IV was unchanged. In addition,
the amounts of ASR-derived chemicals, including ferulic acid
and Z-ligustilide, during the two boiling conditions in DBT,
were identical, that is, ferulic acid (1330.05 ± 107.4 𝜇g/1 g)
and Z-ligustilide (137.57 ± 12.5 𝜇g/1 g), mean ± SD, 𝑛 = 4



4 Evidence-Based Complementary and Alternative Medicine

O

O
O

Formononetin

HOOO

O
O

O

Ononin

HO

HO

HO

OH

O

H
O

H

H O

H
O

Astragaloside IV

HO

HO OH

OH

OH

OH

OH

OH

O

O
O

HO

Calycosin

OH

OO

O
O

O

HO

HO

HO

OH

OH

Calycosin-7-O-𝛽-D-glucoside

O

H

H

H O

O
H

H
HO

OH

OH
OH

OH

OH

OH
OH

OH
OH

O

Ginsenoside Rg1

(a)

0
0

2015105

Standards 

DBT

1
2

IS

3

4

5

1 2
IS

3

4 5

0

2

4

6

8

2

4

6

8

Time (min)

In
te

ns
ity

 (×
1
0
4
)

(b)

Figure 1: Typical RRLC-QQQ-MS/MS chromatograms of marker chemicals in DBT. (a) The chemical structures of calycosin-7-O-𝛽-D-
glucoside, calycosin, ononin, formononetin, astragaloside IV, and ginsenoside Rg1 (internal standard) were shown. (b)The chromatographic
method is described in Section 2. The identifications of calycosin-7-O-𝛽-D-glucoside (1), ononin (2), calycosin (3), astragaloside IV (4),
formononetin (5), and ginsenoside Rg1 (internal standard, IS) were made by a MS detector. Concentrations of the standards were 0.2𝜇g/mL,
and 0.5mL of the DBT decoction was used. Representative chromatograms are shown, 𝑛 = 3.
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Figure 2: The amounts of AR-derived chemicals in DBT under
different boiling process. Two DBT decoctions were prepared, one
was boiled using moderate heating (DBT-M), the other one was
boiled with high heating directly (DBT-H). Detailed procedure
was described in Section 2. The amounts of calycosin-7-O-𝛽-D-
glucoside, calycosin, ononin, formononetin and astragaloside IV
were determined. The values are expressed in 𝜇g/g of the dry
material and are in Mean ± SD, where 𝑛 = 4, each with triplicate
samples.The amount of the same compound was compared in these
two decoctions, ∗𝑃 < 0.5, ∗∗𝑃 < 0.01.

[16]. Thus, the heating process of DBT should play role in the
final chemical composition of the decoction, in particular the
glucoside flavonoids.

The amounts of AR-derived astragaloside IV, calycosin,
formononetin, calycosin-7-O-𝛽-D-glucoside and ononin
were determined during the entire boiling process at a
moderate heating rate of totally 5 h. At each time point,
an aliquot of decoction was obtained: the temperature
and amount of targeted chemicals were determined. The
accumulated amounts of these chemicals were changed
during the boiling process (Figure 3).

The AR-derived flavonoid glycosides, calycosin-7-O-𝛽-
D-glucoside, and ononin were increased in parallel to
the time of boiling in the very beginning. However, the
amounts of both calycosin-7-O-𝛽-D-glucoside and ononin
were decreased when the boiling temperature reached 40∘C
at ∼0.5 h of boiling: the lowest solubility was achieved at
about 70∘C at 1 h. Beyond that, the amounts of these two
chemicals were steadily increased to amaximum after boiling
2 h at a temperature of 100∘C (Figure 3). The AR-derived
flavonoid aglycones, calycosin, and formononetin showed
similar profile of changes during the boiling process. The
rate of increase was faster at 1 to 1.5 h of boiling (i.e., from
70∘C to 100∘C).The amount of these two flavonoid aglycones
increased in a time- and temperature-dependent manner
and reached their maximum after boiling for 2 h at 100∘C

(Figure 3). However, calycosin and formononetin did not
show a drop of solubility at ∼0.5 h of boiling. In contrast,
the rate of increase was slightly higher at that time period.
Similar changes of solubility were observed in astragaloside
IV (Figure 3).

3.2. Effect of Herbs on Hydrolysis of Calycosin-7-O-𝛽-D-
glucoside and Ononin. The amount of calycosin-7-O-𝛽-D-
glucoside and ononin decreased during boiling at the tem-
peratures of 40∘C to 70∘C that suggested that a possible
chemical change could happen, that is, a hydrolysis of
calycosin-7-O-𝛽-D-glucoside to calycosin and from ononin
(formononetin 7-O-glucoside) to formononetin. Here, we
hypothesized that the flavonoid glycosides, deriving from
AR, could be converted to their aglycones by hydrolysis
during the heating process. In order to test this hypothe-
sis, the stabilities of calycosin, formononetin, ononin, and
calycosin-7-O-𝛽-D-glucoside were tested here. The results
showed that the flavonoid glycosides were very stable in
water for over 6 h without any significant chemical change
(Figures 4(a) and 4(b)). Similarly, the aglycones, calycosin,
and formononetin were also highly stable in water (data
not shown). A robust chemical conversion was revealed
when the flavonoid glycosides were mixed together with a
solution of ASR or AR at room temperature. After 4 h of
incubation with water suspended with powders of ASR or
AR, about 50% of calycosin-7-O-𝛽-D -glucoside disappeared.
In contrast, an increased amount of calycosin (Figure 4(a))
suggested the hydrolysis of glycoside, that is, a conversion
of calycosin-7-O-𝛽-D -glucoside to calycosin. The hydrolysis
of flavonoid glycoside was also determined for the case of
ononin to formononetin. The decreased of ononin amount
was more robust during the incubation: about 50% of
decrease was revealed in an inclusion of ASR solution after
∼2 h (Figure 4(b)). An increase of formononetinwas revealed
here, which reached a peak at about 6 h of incubation. In both
cases of hydrolysis, ASR showed much better effect than that
of AR, which suggested that the hydrolytic ability (or factor)
could be more abundant in ASR.

Since the chemical conversion happened with a company
of ASR or AR, a dose responsible curve was determined.
The results showed that the hydrolysis of two flavonoid
glycosides was increased by ASR or AR in a dose-dependent
manner (Figures 5(a) and 5(b)). In all cases, 20mg/mL of
herbal powder showed the maximal hydrolytic ability. In
addition, the hydrolysis induced by ASR or AR was more
robust in the case of ononin to formononetin, that is, a
maximum conversion of over 60%. Almost no hydrolysis was
revealed when the preheated ASR (i.e., denatured ASR), or
preheatedAR, solutionwasmixed togetherwith the flavonoid
glycosides (Figures 5(a) and 5(b)). This result suggested that
the hydrolytic factor should be heat sensitive. The hydrolytic
ability of AR seemed to be in a faster rate than that of ASR.

Different parameters could affect the chemical hydrolysis
here.The best temperature in ASR- or AR-induced hydrolysis
was at 40∘C (Figures 6(a) and 6(b) upper panel): this optimal
temperature was true for both calycosin-7-O-𝛽-D-glucoside
and ononin. At the extreme low and high temperatures, both
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Figure 3: The accumulated amounts of AR-derived chemicals during boiling process. The DBT was prepared as described in Section 2. Every
10min, 0.5mL of the preparing decoction was taken out. The temperature was recorded at the time of taking aliquot (see (c) bottom panel).
After ∼1.5 h, the boiling temperature reached 100∘C, and the time interval of withdrawing sample was 30min. In all aliquots, the amounts of
calycosin-7-O-𝛽-D-glucoside, calycosin, ononin, formononetin, and astragaloside IV were determined by RRLC-QQQ-MS/MS. The values
are expressed in 𝜇g/g of the dry material and are in Mean ± SD, where 𝑛 = 4, each with triplicate samples.

ASR and AR could not able to trigger this hydrolysis. On
the same time, the best pH for hydrolysis, triggered by ASR
or AR, was at pH 5 (Figures 6(a) and 6(b) lower panel).
Indeed, this pHwas the natural pH of watermixed with herbs
without any adjustment. In all cases, the hydrolysis of ononin
to formononetin wasmore robust than that of calycosin-7-O-
𝛽-D-glucoside to calycosin.

3.3. Biological Properties of DBT Prepared under Different
Boiling Process. According to our previous results, DBT
possessed estrogenic activity onMCF-7 cells and stimulation
of the transcriptional activity of hypoxia response element

(HRE) in HEK293T cells, which is a specific hematopoietic
growth factor for the production of erythropoietin (EPO).
The biological functions of the two DBT decoctions, DBT-
M, and DBT-H were also compared here. For the estro-
genic activity, MCF-7 cells stably transfected with pERE-Luc
(Figure 7(a) upper panel) were employed. After the treatment
of DBT for 48 h, the cultures were collected for luciferase
assay. The expression of luciferase was markedly induced
by DBT in a dose-dependent manner (Figure 7(a)). The
maximal induction of the luciferase activity, induced by the
two DBT extracts (DBT-M and DBT-H), was almost the
same, which was ∼4.5-fold at 3mg/mL. However, the DBT-M
extract showed stronger activity at lower concentrations, that
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Figure 4:A time-dependent hydrolysis of flavonoid glycosides in the present of herbal powder.Under 25∘C, 50𝜇g of calycosin-7-O-𝛽-D-glucoside
(a), or 50 𝜇g ononin (b), was included to the water (50mL) suspended with powders (1 g) of ASR or AR. Every hour, 0.5mL of the solution
was taken out. The amounts of calycosin-7-O-𝛽-D-glucoside, calycosin, ononin, formononetin, and astragaloside IV were determined by
RRLC-QQQ-MS/MS as described in Figure 1. The percentage of hydrolysis rate was determined by the amount of flavonoid or flavonoid
glycoside (in molar) determined to that original applied flavonoid glycoside (in molar). Control does not have herbal powder. The values are
in Mean ± SD, where 𝑛 = 4, each with triplicate samples.
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Figure 5:The herb-induced hydrolysis is in a dose-dependent manner. Under 25∘C at pH 5.0, 50 𝜇g of calycosin-7-O-𝛽-D-glucoside, or 50 𝜇g
ononin, was included to the water (50mL) suspended with different amount of ASR or AR powders for 4 h. Both crude and heated (30min at
100∘C) herbal powders were used here.The amounts of calycosin-7-O-𝛽-D-glucoside, calycosin, ononin, and formononetin were determined
by RRLC-QQQ-MS/MS. The percentage of hydrolysis rate was determined by the amount of flavonoid or flavonoid glycoside (in molar)
determined to that original applied flavonoid glycoside (in molar). (a) Conversion from calycosin-7-O-𝛽-D-glucoside to calycosin. (b)
Conversion efficiency of ononin to formononetin. The values are in Mean ± SD, where 𝑛 = 4, each with triplicate samples.
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Figure 6: Effect of temperature and pH on the hydrolysis of flavonoid glycosides.Under different temperature at pH 5.0, or under different pH at
25∘C, 50 𝜇g of calycosin-7-O-𝛽-D-glucoside or ononin was included to the water (50mL) suspended with powders of ASR (a) or AR (b) (both
at 1 g) for 4 h.The amounts of calycosin-7-O-𝛽-D-glucoside, calycosin, ononin, and formononetin were determined by RRLC-QQQ-MS/MS.
The percentage of hydrolysis rate was determined by the amount of flavonoid or flavonoid glycoside (in molar) determined to that original
applied flavonoid glycoside (in molar). The values are in Mean ± SD, where 𝑛 = 4, each with triplicate samples. ∗∗𝑃 < 0.01.

is, at 0.3 or 0.6mg/mL. 17-𝛽-estradiol at 100 nM was used as
a positive control here, which caused ∼2-fold increase in the
promoter activity.

The transcriptional activity of HRE induced by DBT was
investigated. The response of the pHRE-Luc in transfected
HEK 293T cells was validated; the cultures were exposed to
hypoxia, serving as a positive control. The authentication of
pHRE-Luc was confirmed by its activation in exposure to
desferrioxamine (DFO), which was frequently used to mimic
the effect of hypoxia [20]. DBT was applied onto pHRE-
Luc transfected fibroblasts. The application of the extracts
increased the luciferase activity in a dose-dependent manner,
and the maximal induction was over ∼3-fold of increase as
compared to the control (Figure 7(b)). Although themaximal
induction of the two DBT was almost the same at the highest

concentration, significant difference was observed under
lower concentration, for example, when the concentration
was 0.6mg/mL and 1mg/mL. Under these concentrations,
DBT-M showed stronger activity than the DBT-H.

4. Discussion

Making a herbal decoction by water is the most common
form of preparation [9, 21], and indeed this method has been
used for thousands of years in China. Using boiling water as a
solvent for herbal extraction could due to the below reasons:
(i) boiling water could be a perfect solvent for high solubility
of herbal ingredients; (ii) absorption of water decoction could
be easier in the gut; (iii) water decoction could be easily mod-
ified to other forms, for example, powder and pill, according
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Figure 7:DBT stimulates transcriptional activity of estrogen responsive element and theHRE-mediated transcriptional activity. (a)Three repeats
of estrogen responsive elements (ERE: 5󸀠-GGTCACAGTGACC-3󸀠) were subcloned into a luciferase-reporter vector called pERE-Luc (upper
panel). This reporter was stably transfected to MCF-7 cells, which were treated with DBT extracts at different dose for 48 h (lower panel). 17-
𝛽-Estradiol (100 nM) was used as a positive control. (b) Six repeats of hypoxia responsive elements (HRE: 5󸀠-TCGAGGCCCTACGTGCTG
TCTCACACAGCCTGTCTGACG-3󸀠) were subcloned in an expression vector and it was named as pHRE-Luc (upper panel). DBT extracts
at different concentrations were applied to the pHRE-Luc-transfected HEK293T cells for 48 h; the promoter-driven luciferase (pHRE-Luc)
activity was determined. DFO (50𝜇M) was used as positive controls. Values are expressed as the ratio to the basal reading where the control
(untreated culture) is equal to 1 and are in Mean ± SD, where 𝑛 = 4, each with triplicate samples. ∗𝑃 < 0.05.

to the needs of different patients. As shown here, the boiling
process of herbal mixture could be a complex process, and a
lot of unknown chemical changes could happen during the
preparation [9, 22]: this change might affect the extraction
efficiency of active ingredients as well as the functions of
herbal decoction. In case of DBT as described here, the
solubility of AR-derived flavonoids and astragalosides were
increased in a time- and temperature-dependent manner
during the boiling process at moderate heating.The amounts
of these chemicals reached their maximum after boiling 2 h
at 100∘C: this result was consistent with our previous study
that 2 hours of boiling at moderated heat were chosen for
the standard preparation of DBT [3]. In parallel, the pH of
a herbal mixture in water was about 5, that is, the optimal pH
for the hydrolysis.

The increased amount of calycosin and formononetin,
generated partly from calycosin-7-O-𝛽-D-glucoside and
ononin, enhanced the functions triggered by DBT. Our
study here showed that DBT-M possessed better biological
functions in stimulating the estrogenic and erythropoietic
effects than that of DBT-H. Although the aforementioned

four flavonoids could induce the expression of erythropoietin
in cultured kidney cells and stimulate the estrogenic activity
in cultured mammalian breast cancer cells, the induction
magnitude of aglycones is better than their corresponding
glycosides [12, 13]. Besides, the transporting rate of calycosin-
7-O-𝛽-D-glucoside and ononin in cultured Caco-2 cells were
considered as low permeability [23, 24], while calycosin and
formononetin were showing much better permeability [23].
Better absorption of active ingredients in the gut is important,
because the intake of DBT is orally. Therefore, the hydrolysis
of calycosin-7-O-𝛽-D-glucoside and ononin could generate
more active ingredients that could be easily absorbed: the
final outcome is to ensure better biological functions of DBT.

According to TCM formulation, herbal decoction can be
divided into different categories by their major functions,
for example, exterior syndromes, purgative, and tonic func-
tions. The preparation for herbal mixture having different
therapeutic functions should be varied. According to “Bencao
Gangmu” by Li Shenzhen, the herbal formulae for treating
exterior syndrome and purgative function should be boiled
over strong heating, while the herbal formulae for tonic
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function should be boiled over moderate heat. DBT is
considered as a classical herbal formula for nourishingQi and
enriching Blood; therefore it is strongly recommended to be
boiled with moderate heat. Under the optimal temperature
(∼40∘C) during DBT preparation, both calycosin-7-O-𝛽-D-
glucoside and ononin could undergo hydrolysis in form-
ing calycosin and formononetin, respectively. The glycoside
hydrolysis required the present of two herbs, ASR or AR,
contained within DBT, and the hydrolysis was optimized in a
specific temperature and pH. Thus, the final outcome of this
moderate boiling of DBT was to provide a condition that the
hydrolysis could happen, and thus the final decoction was
optimized. Here, we provided different lines of evidence to
support the ancient preparation method for a tonic herbal
formula. We also suggested that one should try to maintain
the temperature at ∼40∘C for some time as to achieve the best
decoction.

The hydrolysis of flavonoid glycosides in DBT could
be affected by different factors, that is, amount of herbs,
temperature, and pH. The heated herbs, both ASR and
AR, were not able to show this hydrolytic ability. Here, we
hypothesize that the hydrolytic ability could be triggered by
an enzyme that is existing in both ASR and AR. This notion
is fully supported by our results. First, the hydrolysis was
highly sensitive to temperature and pH value. Second, a dose
response curve and reaching saturation could be achieved
in the herb-induced hydrolysis. Lastly, the hydrolysis of
glycosidic bonds was reported to be triggered by enzymes
[25]. However, the exact reason of the chemical conversion
should be investigated further. This hydrolytic activity does
not apply to all herbal powders; for example, Ginseng Radix
et Rhizoma is only able to induce the conversion of calycosin-
glucoside to calycosin, which cannot induce the conversion of
ononin to formononetin, while Clematidis Radix et Rhizoma
cannot do that at all (data not shown).

5. Conclusion

In conclusions, the chemical change during the boiling
process of DBT was first studied here by using RRLC-
QQQ-MS/MSmethod.The solubilities of the flavonoids were
markedly increased in a time- and temperature-dependent
manner. Flavonoid glycoside within the decoction was
hydrolyzed to aglycone, which was affected by pH, tempera-
ture, and amount of herbs. Our current results supported the
rationality of ancient preparation of DBT in boiling water by
moderate heat.
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DBT: Danggui Buxue Tang
AR: Astragali Radix
ASR: Angelicae Sinensis Radix
TCM: Traditional Chinese Medicine.

Conflict of Interests

The authors declare that there is no conflict of interests.

Acknowledgments

This research was supported by Grants from Research Grants
Council of Hong Kong (661110, 662911, 663012), Croucher
Foundation (CAS-CF07/08.SC03) to KWKT and DTWL.

References

[1] Y.-H. Wang, R.-F. Zhang, and Y.-Z. Wang, “Factors influencing
pharmacodynamics of the Chinese materia medica decoction
and the prospect of its development,” Pharmaceutical Care and
Research, vol. 4, no. 1, pp. 77–79, 2004.

[2] W. Jia, W.-Y. Gao, Y.-Q. Yan et al., “The rediscovery of ancient
Chinese herbal formulas,” Phytotherapy Research, vol. 18, no. 8,
pp. 681–686, 2004.

[3] Z. H. Song, Z. N. Ji, C. K. Lo et al., “Chemical and bio-
logical assessment of a traditional Chinese herbal decoction
prepared from radix astragali and radix angelicae sinensis:
orthogonal array design to optimize the extraction of chemical
constituents,” PlantaMedica, vol. 70, no. 12, pp. 1222–1227, 2004.

[4] K. Y. Z. Zheng, R. C. Y. Choi, H. Q. H. Xie et al., “The expression
of erythropoietin triggered by Danggui Buxue Tang, a Chinese
herbal decoction prepared from Radix Astragali and Radix
Angelicae Sinensis, is mediated by the hypoxia-inducible factor
in cultured HEK293T cells,” Journal of Ethnopharmacology, vol.
132, no. 1, pp. 259–267, 2010.

[5] D. Z. Wu, C. Q. Song, Z. F. Hen, J. L. Kong, Y. Fan, and Z. B.
Hu, “Effects of Angelicae Sinensis decoction for supplementing
blood on the cardiac function in myocardial ischemia reperfu-
sion injury of rats,” China Journal of Chinese Materia Medica,
vol. 15, no. 5, pp. 3–6, 1999.

[6] L. Ning, C.-X. Chen, R.-M. Jin et al., “Effect of components of
dang-gui-bu-xue decoction on hematopenia,” China Journal of
Chinese Materia Medica, vol. 27, no. 1, pp. 50–53, 2002.

[7] Q. T. Gao, J. K. H. Cheung, J. Li et al., “A Chinese herbal decoc-
tion, Danggui Buxue Tang, prepared from Radix Astragali and
Radix Angelicae Sinensis stimulates the immune responses,”
Planta Medica, vol. 72, no. 13, pp. 1227–1231, 2006.

[8] Q. T. Gao, R. C. Y. Choi, A.W.H. Cheung et al., “Danggui Buxue
Tang—a Chinese herbal decoction activates the phosphory-
lations of extracellular signal-regulated kinase and estrogen
receptor 𝛼 in cultured MCF-7 cells,” FEBS Letters, vol. 581, no.
2, pp. 233–240, 2007.

[9] Q. T. Gao, J. Li, J. K. H. Cheung et al., “Verification of the
formulation and efficacy ofDanggui BuxueTang (a decoction of
Radix Astragali and Radix Angelicae Sinensis): an exemplifying
systematic approach to revealing the complexity of Chinese
herbal medicine formulae,” Chinese Medicine, vol. 2, article 12,
2007.

[10] Q. T. Gao, J. K. H. Cheung, R. C. Y. Choi et al., “AChinese herbal
decoction prepared from Radix Astragali and Radix Angelicae
Sinensis induces the expression of erythropoietin in cultured
Hep3B cells,” Planta Medica, vol. 74, no. 4, pp. 392–395, 2008.

[11] A. J. Y. Guo, R. C. Y. Choi, A. W. H. Cheung et al., “Baicalin,
a flavone, induces the differentiation of cultured osteoblasts: an
action via the Wnt/𝛽-catenin signaling pathway,”The Journal of
Biological Chemistry, vol. 286, no. 32, pp. 27882–27893, 2011.

[12] J. T. T. Zhu, R. C. Y. Choi, G. K. Y. Chu et al., “Flavonoids possess
neuroprotective effects on cultured pheochromocytoma PC12
cells: a comparison of different flavonoids in activating estro-
genic effect and in preventing 𝛽-amyloid-induced cell death,”



Evidence-Based Complementary and Alternative Medicine 11

Journal of Agricultural and Food Chemistry, vol. 55, no. 6, pp.
2438–2445, 2007.

[13] K. Y. Z. Zheng, R. C. Y. Choi, A.W.H.Cheung et al., “Flavonoids
from radix astragali induce the expression of erythropoietin
in cultured cells: a signaling mediated via the accumulation of
hypoxia-inducible factor-1𝛼,” Journal of Agricultural and Food
Chemistry, vol. 59, no. 5, pp. 1697–1704, 2011.

[14] X. Q. Ma, Q. Shi, J. A. Duan, T. T. X. Dong, and K. W. K. Tsim,
“Chemical analysis of Radix Astragali (Huangqi) in China:
a comparison with its adulterants and seasonal variations,”
Journal of Agricultural and Food Chemistry, vol. 50, no. 17, pp.
4861–4866, 2002.

[15] K. J. Zhao, T. T. X. Dong, P. F. Tu, Z. H. Song, C. K. Lo, and K.W.
K. Tsim, “Molecular genetic and chemical assessment of radix
Angelica (Danggui) in China,” Journal of Agricultural and Food
Chemistry, vol. 51, no. 9, pp. 2576–2583, 2003.

[16] W. L. Zhang, K. Y. Zheng, K. Y. Zhu et al., “Chemical and
biological assessment ofAngelica herbal decoction: comparison
of different preparations during historical applications,” Phy-
tomedicine, vol. 19, no. 11, pp. 1042–1048, 2012.

[17] C. M. Klinge, “Estrogen receptor interaction with estrogen
response elements,” Nucleic Acids Research, vol. 29, no. 14, pp.
2905–2919, 2001.

[18] D. E. Post and E. G. Van Meir, “Generation of bidirec-
tional hypoxia/HIF-responsive expression vectors to target gene
expression to hypoxic cells,” Gene Therapy, vol. 8, no. 23, pp.
1801–1807, 2001.

[19] H. Q. Xie, R. C. Y. Choi, K. W. Leung et al., “Regulation of
a transcript encoding the proline-rich membrane anchor of
globular muscle acetylcholinesterase: the suppressive roles of
myogenesis and innervating nerves,” The Journal of Biological
Chemistry, vol. 282, no. 16, pp. 11765–11775, 2007.

[20] K. Y. Z. Zheng, A. J. Y. Guo, C. W. C. Bi et al., “The
extract of Rhodiolae Crenulatae Radix et Rhizoma induces the
accumulation of HIF-1𝛼 via blocking the degradation pathway
in cultured kidney fibroblasts,” Planta Medica, vol. 77, no. 9, pp.
894–899, 2011.

[21] Q. L. Fan and Z. B. Zhu, Science of Prescriptions, Shanghai Uni-
versity of Traditional Chinese Medicine Publishing, Shanghai,
China, 2002.

[22] T. T. X. Dong, K. J. Zhao, Q. T. Gao et al., “Chemical and biolog-
ical assessment of a Chinese herbal decoction containing Radix
Astragali and Radix Angelicae Sinensis: determination of drug
ratio in having optimized properties,” Journal of Agricultural
and Food Chemistry, vol. 54, no. 7, pp. 2767–2774, 2006.

[23] F. Xu, Y. Zhang, S. Xiao et al., “Absorption and metabolism of
astragali radix decoction: in silico, in vitro, and a case study in
vivo,” Drug Metabolism and Disposition, vol. 34, no. 6, pp. 913–
924, 2006.

[24] K. Y. Z. Zheng, R. C. Y. Choi, A. J. Y. Guo et al., “Themembrane
permeability of Astragali Radix-derived formononetin and
calycosin is increased by Angelicae Sinensis Radix in Caco-2
cells: a synergistic action of an ancient herbal decoction Dang-
gui Buxue Tang,” Journal of Pharmaceutical and Biomedical
Analysis, vol. 70, pp. 671–679, 2012.

[25] T. Walle, A. M. Browning, L. L. Steed, S. G. Reed, and U. K.
Walle, “Flavonoid glucosides are hydrolyzed and thus activated
in the oral cavity in humans,” Journal of Nutrition, vol. 135, no.
1, pp. 48–52, 2005.


