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a b s t r a c t

Ethnopharmacological relevance: Xiang-Fu-Si-Wu Decoction has been widely used to treat blood stasis
syndromes in gynecology diseases, such as primary dysmenorrhea in clinical practice for hundreds of
years and show great efficacy. The efficient components and mechanism of action on uterus contraction
were seldom reported.
Aim of the study: The present study was conducted to evaluate the inhibitory effects of active fractions
eywords:
iang-Fu-Si-Wu Decoction
ctive ingredients
terine contraction
ysmenorrhea

and its main bioactive components of Xiang-Fu-Si-Wu Decoction on uterine contraction.
Materials and methods: Model of non-pregnant mice uterine contraction induced by oxytocin was used
to evaluate activity. Levels of Ca2+ and nitric oxide (NO) in primary dysmenorrheal model mice uterus
were also been detected. Components in active fraction were identified and quantified by HPLC-DAD.
Results and conclusions: It was found the active fraction of Xiang-Fu-Si-Wu Decoction may become poten-
tial Ca2+ channel blocking agents. Alkaloids like berberine were main active components in bioactive
fraction of Xiang-Fu-Si-Wu Decoction for dysmenorrhea on uterus contraction.
. Introduction

Primary dysmenorrhea (PDM, menstrual pain without pelvic
bnormality) is one of the most common gynaecological disorders
n young women (Doubova et al., 2007). Epidemiological studies
howed that 20–90% of female adolescents experienced PDM, and
5% had severe PDM (French, 2005). The pathophysiology in pri-
ary dysmenorrhea is due to increased and/or abnormal uterine

ctivity because of the excessive production and release of uterine
rostaglandins (Dawood, 1993). Oxytocin has a potent constricting
ffect on uterine arteries (Chen et al., 1999). In animal experiments,
terus contraction was often induced by giving oxytocin in vitro and
ivo (Ji et al., 2008). Changes in Ca2+ signals within the myometrium
lay an important role in governing uterine excitability and con-
ractility (Wray et al., 2003). Nitric oxide (NO) is also a major
aracrine mediator of various biological processes. Endometrium
erived NO may play a role in myometrial relaxation during men-
truation (Chwalisz and Garfield, 2000). In primary dysmenorrheal

odel, levels of Ca2+ and NO in uterus as well as uterus contractil-

ty in vitro and writhing times in vivo are usually used for efficacy
valuation.
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Dysmenorrhea is usually treated with nonsteroid anti-
inflammatory drugs (NSAIDs) in clinical medicine. Although their
effect is rapid, NSAIDs are intolerance and have many side effects
on the liver, kidney and digestive function. A contraceptive device
has also been used in the treatment of dysmenorrhea, but it has
side effects such as nausea and water retention (Lewis et al., 1983).
Because of these shortcomings, Chinese medicinal therapy is con-
sidered as a feasible alternative in the treatment of dysmenorrhea
(Hsu et al., 2006). Xiang-Fu-Si-Wu Decoction (XFSW) created by
Lian-fu Liang in the Qing Dynasty of China is a famous ancient pre-
scription in Traditional Chinese Medicine (TCM). It is composed of
seven crude herbs, including Angelica sinensis (Oliv.) Diels, Ligus-
ticum chuanxiong Hort., Paeonia lactiflora Pall., Rehmannia glutinosa
Libosch., Cyperus rotundus L., Aucklandia lappa Decne and Cordalis
yanhusuo W.T. Wang. In China, it has been widely used to treat
syndrome of static blood in gynecology diseases, such as primary
dysmenorrhea in clinical practice for hundreds of years and has
shown great efficacy.

Here, XFSW and its fractions eluted from macroporous adsorp-
tive resins by different concentrations of ethanol were applied to
inhibit the spontaneous and oxytocin induced contraction in mice

uterine smooth muscle in vitro. Furthermore, the active fractions
were evaluated by primary dysmenorrheal mice model. Six con-
stituents were qualified and quantified in active fraction XFSW-8
by HPLC-DAD. These compounds were also obtained by evaluating
the effects on mice isolated uterine contraction.

dx.doi.org/10.1016/j.jep.2010.10.042
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. Materials and methods

.1. Materials

Radix Angelicae Sinensis was collected in July 2008 from Min
ian (Gansu, China). Rhizoma Chuanxiong, Radix Paeoniae Alba,
adix Rehmanniae preparata, Rhizoma Cyperi, Radix Vladimiriae
nd Rhizoma Corydalis were all purchased from Nanjing Medici-
al Material Company. All the crude herbs were authenticated by
he corresponding author. The voucher specimens (No. NJUTCM
00807201-2008072007) were kept in the Herbarium of Nanjing
niversity of Chinese Medicine, Nanjing, PR China.

.2. Chemicals and reagents

Estradiol benzoate injection (Tianjin Jinyao Amino Acid Pharma-
eutical Co., Ltd., Tianjin, China, No. 0904201). Oxytocin injection
Shanghai the First Biochemical Pharmaceutical Co., Ltd., Shanghai,
hina, No. 090108). Ca2+ test kit and NO test kit (Nanjing Jiancheng
ioengineering Institute Co., Ltd., Nanjing, China, No. 20090626).

Acetonitrile was HPLC-grade from Merck (Darmstadt, Germany)
nd deionized water was purified by an EPED super purifica-
ion system (Eped, Nanjing, China). The reference compounds
etrahydrocolumbamine, protopine, corydaline, tetrapalmatine,
etrahydrocoptisine, berberine were purchased from the National
nstitute for the Control of Pharmaceutical and Biological Products
Beijing, China). All other reagents were obtained from Sinopharm
hemical Reagent Co., Ltd., (China) unless otherwise stated.

.3. Animals

All experiments were performed with female ICR mice, weigh-
ng 18–22 g, obtained from the experimental animal center of
hina Pharmaceutical University. They were kept in plastic cages
t 22 ± 2 ◦C with free access to pellet food and water and on a
2 h light/dark cycle. Animal welfare and experimental procedures
ere carried out in accordance with the guide for the care and use

f laboratory animals (National Research Council of USA, 1996)
nd related ethical regulations of Nanjing University of Chinese
edicine. Groups each with 10 animals were used in all tests.

.4. Instruments

Power Wave 340 enzyme-labeled instrument (Bio-TEK, USA).
owerLab/8s multi-channel physiological recorder (ADInstru-
ents, Australia). Automatic Microplate Reader (Thermo, USA).

GL-16C High Speed Centrifuge (Shanghai Anting Scientific Device
o., Ltd., Shanghai, China). Waters-2695 Alliance HPLC instrument
Waters Corporation, Milford, MA, USA) equipped with an on-line
egasser, an auto-sampler and a 2996 photodiode array detector
DAD).

.5. Preparation of samples

21 kg mixture of raw materials of Radix Rehmanniae preparata,
adix Angelicae Sinensis, Rhizoma Chuanxiong, Radix Paeoniae
lba, Rhizoma Cyperi, Rhizoma Corydalis and Radix Aucklandiae
t weight ratio of 4:3:1.5:1.5:1.5:1.5:1 (6000, 4500, 2250, 2250,
250, 2250, 1500 g) were crushed into small pieces. The mixture
as refluxed with 210 L water for 2 h twice. The filtrates were com-

ined and concentrated below 70 ◦C to obtain a certain volume

t the ratio of 1:1 (w/w, weight of all constituting herbs and the
xtract filtrates) under vacuum. 1/3 of this concentrated filtrates
ere dried to be dry extract as XFSW. The other 2/3 filtrates were

dded 95% ethanol until the concentration of ethanol was adjusted
o 80%. Ethanol was removed below 70 ◦C to obtain certain volumes
acology 133 (2011) 591–597

of the filtrates. 1/3 of this concentrated filtrates were dried to be
sicca extracta as XFSW-1. The other 2/3 filtrates with no ethanol
were gradient eluted with water and different concentrations of
ethanol (10–80%) from macroporous adsorptive resins (D101) and
the different fractions were obtained as XFSW-2 (water eluted frac-
tion), XFSW-3 (10% ethanol eluted fraction), XFSW-4 (20% ethanol
eluted fraction), XFSW-5 (30% ethanol eluted fraction), XFSW-6
(40% ethanol eluted fraction), XFSW-7 (50% ethanol eluted frac-
tion), XFSW-8 (60% ethanol eluted fraction), XFSW-9 (70% ethanol
eluted fraction), XFSW-10 (80% ethanol eluted fraction). The yield of
XFSW- (2–10) was 62.28%, 3.26%, 2.04%, 1.57%, 0.91%, 0.58%, 0.21%,
0.11%, 0.08%, respectively.

2.6. Standard solutions preparation

Standard stock solutions of tetrahydrocolumbamine, protopine,
corydaline, tetrahydropalmatine, tetrahydrocoptisine and berber-
ine (1 mM, respectively) were prepared in methanol. Mixed
standard stock solution containing 40 ng/mL of tetrahydro-
columbamine, 1130 ng/mL of protopine, 50 ng/mL of corydaline,
280 ng/mL of tetrahydropalmatine, 100 ng/mL of tetrahydrocopti-
sine, 400 ng/mL of berberine were prepared. Other concentration
standard solutions were diluted from stock solution. The solutions
were stored in refrigerator at 4 ◦C.

2.7. Uterus contractility in vitro experiment

We used female ICR mice (unpregnant) weighing 18–22 g which
had been estrogenized (with 1 mg/kg/d s.c. of estradiol benzoate
for 3 days before the experiments) (Hua et al., 2008). The ani-
mals were sacrified by decapitation. Uterine horns were excised
and placed in isolated organ baths, incubated in Locke’s solution
at 37 ± 0.1 ◦C and bubbled with gas (95% O2, 5% CO2). The preload
was 1 g, and the equilibration period was not less than 45 min (Hsu
et al., 2006). Spontaneous uterine contraction were measured after
its amplitude became stable. The normal concentration–response
curves were plotted for 5–10 min as control curves. Then, oxytocin
(0.01 U/mL) was added and reacted for 15 min to induce contract. A
series fractions of XFSW (origin concentration was 10 mg/mL, final
concentration was 0.01 mg/mL or 0.001 mg/mL) was added to the
bathing solution. Concentration–response curves of the prescrip-
tion were plotted against the phasic response to oxytocin.

2.8. Dysmenorrheal mice model preparation

According to the reported method (Sun et al., 2002), estradiol
benzoate and oxytocin were used to make dysmenorrheal mice
model. Estradiol benzoate 0.01 g/kg/d was administrated by subcu-
taneous injection for 6 days. On the seventh day, oxytocin 0.01 L/kg
was administrated by peritoneal injection.

ICR mice were divided into eleven groups. Normal control group
with distilled water intragastrically (i.g.). Model control group
with estradiol benzoate and oxytocin treatment and i.g. distilled
water. Dose of crude plant material of Xiang-Fu-Si-Wu Decoction
for a person was 42 g/d according to folk remedies. Taking the
specific surface area difference between human and mice into con-
sideration, the clinical equivalent dosage of crude herbs for the
mice was 5.46 mg crude herbs/g/d. Three dosages (54.60 mg crude
herbs/g/d, 27.30 mg crude herbs/g/d, 5.46 mg crude herbs/g/d) of
XFSW, XFSW-1 and XFSW-8 were chose to administration. All the
test medicine was administrated for five days in the seven-day

modeling period. Recording the number of writhing occurring from
5 to 30 min after oxytocin administrated. The mice were then sac-
rified after writhing recording. The content of Ca2+ and NO in the
homogenate of uterus were determined according to specification
of kits.
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Fig. 1. Effects of different fractions from XFSW on mice uterine contraction ratio of frequency in vitro. Vertical bars represent the S.D., n = 8. *P < 0.05, **P < 0.01, ***P < 0.001
vs. the maximal contraction.
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ig. 2. Effects of different fractions from XFSW on mice uterine contraction amplit
ontraction.

.9. Statistical analysis

The results were expressed as mean ± S.D. and evaluated with
ne-way ANOVA following by Student’s two-tailed unpaired t-test
r Dunnett’s multiple comparisons test. A P-value of less than 0.05
as considered statistically significant and P less than 0.01 being

ery significant.

.10. HPLC-DAD analysis conditions

Waters 2695 Alliance HPLC instrument (Waters Corporation,
ilford, MA, USA) equipped with an on-line degasser, an auto-

ampler and a 2996 photodiode array detector (PAD) was used. UV
etection was achieved in the scale of 210–400 nm. WondaSilTM

18 (5 �m, 4.6 mm × 250 mm) was used. A linear gradient elution of

(acetonitrile) and B (acetic acid:triethylamine:H2O = 0.8:0.2:100)
as used. The gradient program is 20% A in 5 min, 20–30% A in

–55 min, 30–100% A in 55–63 min, 100% A in 63–65 min, 100–20%
in 65–70 min. The solvent flow rate was 0.8 mL/min and the col-

mn temperature was set at 25 ◦C.
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ig. 3. Effects of different fractions from XFSW on mice uterine contraction tension of mus
ontraction.
vitro. Vertical bars represent the S.D., n = 8. *P < 0.05, ***P < 0.001 vs. the maximal

3. Results

3.1. Effects of different fractions from XFSW on oxytocin induced
mice uterine contractility

Two concentrations of different fractions from XFSW (final con-
centrations were 0.01 mg/mL and 0.001 mg/mL) were added to the
organ bath containing mice uterine horn before stimulating the
mice uterine muscle with a submaximal concentration of oxy-
tocin (0.01 U/mL). The frequency of uterine contraction decreased
with XFSW, XFSW-1–XFSW-10, the decrease did significantly dif-
fer compared with the maximal contraction (Fig. 1). The amplitude
of uterine contraction decreased with XFSW, XFSW-1 and XFSW-8,
the decrease did significantly differ compared with the maximal
contraction (Fig. 2). The tension of muscle decreased with XFSW,
XFSW-1 and XFSW-8, the decrease did significantly differ com-

pared with the maximal contraction (Fig. 3).

These results showed that XFSW inhibited oxytocin induced
uterus contraction in vitro, its fractions XFSW-1 that extracted
from 80% ethanol and XFSW-8 that eluted by 60% ethanol from

XFSW-10XFSW-9XFSW-8XFSW-7XFSW-6

0.01mg/mL

0.001mg/mL*

cle in vitro. Vertical bars represent the S.D., n = 8. *P < 0.05, **P < 0.01 vs. the maximal
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Fig. 5. Effects of different fractions from XFSW on the level of nitric oxide in uterine
tissue of primary dysmenorrheal model mice, n = 10. ##P < 0.01 vs. normal group.
**P < 0.01, *P < 0.05 vs. model group.
ig. 4. Inhibitory effects of different fractions from XFSW on primary dysmenorrheal
odel mice’s writhing. Vertical bars represent the S.D., n = 10. ###P < 0.001 vs. normal

roup. **P < 0.01, *P < 0.05 vs. model group.

acroporous adsorptive resins also had great efficacy in decreasing
xytocin induced uterus contraction.

.2. Effects of XFSW, XFSW-1 and XFSW-8 on primary
ysmenorrheal mice model

By comparing with model group, XFSW, XFSW-1 and XFSW-

could remarkably decrease the writhing times at the dose of

.46 mg/g/d, however, it did not show a dose–response relation-
hip (Fig. 4). In primary dysmenorrheal model mice, the content
f nitric oxide in uterus tissue homogenate decreased significantly
ompared with normal group (P < 0.01), the lever of Ca2+ increased

Fig. 6. Effects of different fractions from XFSW on the level of calcium ion in uterine
tissue of primary dysmenorrheal model mice, n = 10. #P < 0.05 vs. normal group.
**P < 0.01, *P < 0.05 vs. model group.
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agents and uterus contraction were induced by injecting oxytocin.
Writhing times in primary dysmenorrheal model mice increased
significantly in comparison with normal mice, administration
XFSW, XFSW-1 and XFSW-8 could remarkably decrease writhing
times. These results confirmed the conclusion from in vitro exper-
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ig. 8. The HPLC-DAD chromatogram of XFSW-8 fraction (at � = 280 nm): (1) tetrah
rocoptisine; (6) berberine.

ignificantly compared with normal group (P < 0.05). The lever of
itric oxide increased significantly in the groups with XFSW and
FSW-1, while the Ca2+ concentration decreased significantly in

he groups with XFSW and XFSW-8 (Figs. 5 and 6).

.3. Qualified and quantified the components in XFSW-8 by
PLC-DAD

HPLC-DAD method was adopted to analyze the chemical com-
onents in the XFSW-8. The main chemical constituents were
nalyzed and identified by comparing the retention time (tR) and
ltraviolet absorption (�max) with standard samples. Six com-
onents were qualified as tetrahydrocolumbamine, protopine,
orydaline, tetrahydropalmatine, tetrahydrocoptisine, berberine.
he chemical structures of these compounds were showed in Fig. 7.
he results of determination showed that the contents of six com-
ounds were tetrahydrocolumbamine (0.10%), protopine (3.79%),
orydaline (0.16%), tetrahydropalmatine (0.95%), tetrahydrocopti-
ine (0.32%), berberine (1.37%), respectively. The chromatogram
as showed in Fig. 8.

.4. Validation of methods

Linear regression data, LOD and LOQ of investigated compounds
ere showed in Table 1.

The injection precision was determined by replicated injection
f the same sample six times in one day. The relative standard devi-
tion (RSD) of retention time and peak areas of six compounds were
ower than 0.12% and 0.83%, respectively.

The repeatability was evaluated by analyzing six independently
repared samples of active fraction. The RSD of retention time and
eak areas of six compounds were lower than 1.32% and 3.62%,
espectively.

The stability test was assessed by successive injection of the
ame sample in 0, 2, 4, 6, 8, 10 and 24 h. The RSD of retention time
nd peak areas of six compounds were lower than 0.22% and 3.15%,
espectively.

All the results indicated that the quantified method for the six
ompounds in active fraction was adequate and applicable.

.5. Effects of active fraction and the six compounds on isolated
terine contraction

The inhibitory effects of active fraction, six single compounds
nd their mixture (compounds group) mixed at the contents ratio in
FSW-8 were investigated, respectively. Then the effects of XFSW-

and the compounds group on mice isolated uterine contraction

nduced by oxytocin were compared. The data of inhibiting oxy-
ocin induced uterine contraction were expressed as the mean
ontractile force (MCF, %) according with the normalized methods
Su et al., 2010).
olumbamine; (2) protopine; (3) corydaline; (4) tetrahydropalmatine; (5) tetrahy-

The results showed that the compounds group had a similar
effect comparing with the active fraction. The data stated that the
compounds group could satisfactorily represent the effect of XFSW-
8 on oxytocin induced uterine contraction.

The inhibitory effects of six single compounds from XFSW-8 on
mice isolated uterine contraction induced by oxytocin were also
investigated. The dose response curves of every compound on oxy-
tocin induced uterine contraction were shown in Figs. 9 and 10.
The results demonstrated that tetrahydrocolumbamine, protopine,
corydaline, tetrahydropalmatine, tetrahydrocoptisine and berber-
ine possessed high inhibitory actions on uterine contraction
induced by oxytocin. They also showed a dose response relation-
ship.

4. Discussion

The project was proposed to investigate the mechanism and
active compounds of TCM for treatment of primary dysmenorrhea.
As the increasing ectopic uterine motility was the major reason
for primary dysmenorrhea, efficacy of Xiang-Fu-Si-Wu Decoction
(XFSW) and its fractions were evaluated by mice uterine smooth
muscle in vitro. The results showed that XFSW and its fractions
XFSW-1 that extracted from 80% ethanol, XFSW-8 that eluted
by 60% ethanol from D101 macroporous adsorptive resins had
great efficacy in decreasing oxytocin induced uterus contraction.
Furthermore, primary dysmenorrheal model mice were used to
validate the effects of inhibiting uterus contraction by adminis-
tration XFSW, XFSW-1 and XFSW-8. In primary dysmenorrheal
mice model, estradiol benzoate was usually used as sensibilize
0
0.020.010.0050.0020.001

C(mg/mL)

Fig. 9. Effects of the extract and compounds group of XFSW on isolated uterine
contractility.
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Table 1
Linear regression data, LOD and LOQ of investigated compounds.

Analytes Standard curve r2 Linear range (�g/mL) LOD (�g/mL) LOQ (�g/mL)

Tetrahydrocolumbamine y = 20397x − 5871.3 0.9992 6.33–63.33 0.30 0.99
Protopine y = 6349.4x − 5467.5 0.9999 9.93–99.33 0.25 0.82
Corydaline y = 20565x − 10043 0.9999 1.67–16.67 0.23 0.75
Tetrahydropalmatine y = 11498x − 4238.8 0.9999 5.50–55.00 0.31 1.02
Tetrahydrocoptisine y = 20089x − 720.24 0.9999 2.88–57.67 0.19 0.63
Berberine y = 37217x − 21115 0.9999 4.80–48.00 0.09 0.29
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Fig. 10. Effects of the main six compounds in

ments. Protoberberine was primary component type in XFSW-8.
hese alkaloids were mainly from Cordalis yanhusuo W.T. Wang
Tao and Tian, 2006). As one material of Xiang-Fu-Si-Wu Decoction,
ordalis yanhusuo W.T. Wang, played a role in inhibiting uterine
ontraction.

Levels of Ca2+ and NO in primary dysmenorrheal model
ice uterus were also been detected. Calcium dependence was

xplained in part by increased membrane “leakage” current in
alcium-free solution and calcium control of the voltage depen-
ence of the early transient conductance (Anderson et al., 1971).
hanges in Ca2+ signals within the myometrium have important

unctional consequences, as they determine contractility. Calcium
hannel blocking agents decrease myometrial contractility and
eneficial in cases of dysmenorrheal (Fenakel and Lurie, 1990).
n our study, Ca2+ in uterus with XFSW and XFSW-8 decreased
ignificantly compared with model group. This indicated one mech-
nism of XFSW treating primary dysmenorrhea may block through
a2+ channel to decrease intracellular Ca2+ concentration. One
onstituent of XFSW-8 was berberine, which has a variety of phar-
acologic effects, including ion channel blocking activity (Chiou et

l., 1991; Lee and Chang, 1996). The active fraction XFSW-8 may
ecome potential Ca2+ channel blocking agents.

By comparing dose–response curve, 2, 3, 10, 11-oxygenated
rotoberberine (tetrahydrocoptisine) showed lowest inhibitory
ctivities on uterine contraction induced by oxytocin. Open-
ooped berberine including carbonyl (protopine) also showed
ower activity. Tertiary alkaloids corydaline, tetrahydropalmatine
nd tetrahydrocolumbamine showed similar activity. Tetrahydro-
olumbamine showed higher inhibitory activity on uterine than
orydaline. In this study, quaternary alkaloid berberine demon-
trated highest inhibitory actions on uterine contraction induced
y oxytocin.

. Conclusion
Here, only six alkaloids from active fraction of Xiang-Fu-Si-Wu
ecoction were investigated. Because of the complex chemical
omponents of Chinese medicine formulae, the combination of
ther components needed to be studied deeply, the relationship
etween chemical structure and bioactivities need further research
ct of XFSW on isolated uterine contractility.

based on the elucidation of chemical components and the action
mechanisms.
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