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Traditional Chinese medicine Bak Foong Pills alters uterine
quiescence e Possible role in alleviation of dysmenorrhoeal symptoms
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Abstract
Since contractility of the uterus appears to be the major source of pain during dysmenorrhoea, alleviation of the contractions is believed to be
a possible treatment strategy. Bak Foong Pills, a traditional Chinese formulation for use in gynaecological disorders, has long been thought as
effective in the treatment of dysmenorrhoeal symptoms. The present study thus aims to investigate whether ethanol extract of Bak Foong Pills
(BFP-Ex) or its constituent herbs may have direct effects on alleviating dysmenorrhoeal symptoms by altering uterine tone. This was inves-
tigated using isolated uterine preparations and intracellular messenger analysis of adenylate cyclase, via [3H]-adenine assay, and calcium, with
fluorometry imaging, in myometrial cultures. BFP-Ex can stimulate uterine relaxation following oxytocin-induced contractions ex-vivo.
Attempted inhibition of BFP-Ex’s relaxatory response with a nitric oxide inhibitor and adenylate cyclase inhibitor, however, had no significant
effect, suggesting that most of BFP-Ex’s relaxatory response was not due to increases in NO or cAMP. Further studies on tetramethylpyrazine
(TMP), a major active ingredient of BFP-Ex, indicated that TMP could modulate intracellular calcium levels in favour of uteri relaxation. The
ability of Bak Foong Pills to alleviate menstrual pain may be due to direct regulation of uterine tone.
� 2009 International Federation for Cell Biology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

During menstruation, women who suffer from dysmenor-
rhoea can experience the same type of low frequency
contractions with only slightly lower amplitude as experienced
during labour, thus leading to the high intrauterine pressure,
causing extreme pain and decreased blood flow resulting in
uterine ischemia (Deligeoroglou, 2000). Since contractility of
the uterus is the major source of pain during dysmenorrhoea,
alleviation of the contractions is believed to be a possible
treatment strategy. To date only oxytocin antagonist, which
was designed to inhibit pre-term labour is being investigated
as a possible treatment of dysmenorrhoea (Lamont, 2003;
Gimpl and Fahrenholz, 2001). However, since relaxation of
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the uterus can be achieved either via blockade of L-type
calcium channels, or increases in cyclic AMP (cAMP) and
nitric oxide (NO) (Wray et al., 2003; Buxton, 2004), other
remedies exploiting these mechanisms may be available to
achieve the same effect.

Bak Foong Pills (also known as Bai Feng Wan or White
Phoenix Pills), a traditional Chinese formulation for use in
gynaecological disorders, has long been thought to be an
effective treatment of dysmenorrhoeal symptoms. There have
been references to the use of Bak Foong Pills in Chinese text
for w300 years (Zheng et al., 2000) and clinical data shows it
has been effective in the treatment of early, delayed and pro-
longed menstrual flows, and also general reduction in
menstrual discomfort following 1 month of treatment (0.5 g/kg
daily) (personal communication). Containing 20 herbal and
mineral ingredients (see Gou et al., 2003, for full list), the
precise mechanisms of its actions are not clearly understood
but are known to influence serum hormonal levels in rodents,
by increased cystic fibrosis transmembrance-conductance
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regulator (CFTR) mRNA expression in mice uteri (Rowlands
et al., 2001), and increased serum estrogen and progesterone
levels in rats (unpublished data). The present study was
designed to investigate the possible direct influences of Bak
Foong Pill Ethanol Extract (BFP-Ex), its component herbs,
and selected active ingredients on uterine contractility in mice,
with the aim of identifying the possible mechanism of action
of the anti-dysmenorrhoeal effect of Bak Foong Pills.

2. Materials and methods
2.1. Animals
Female ICR mice and Sprague Dawley rats were supplied
from the Laboratory Animal Services Centre of the Chinese
University of Hong Kong and were maintained on a 12 h, light
dark cycle at 22 �C and 30e40% humidity with food and
water supplied ad libitum. All procedures were conducted
under licence from the Hong Kong Department of Health and
in accordance to approval given by the University Animal
Experimentation Ethics Committee.
2.2. Reagents
Bak Foong Pills and other raw herbal ingredients were
supplied by Eu Yan Sang (HK) Ltd. Bak Foong Pills were used
following further extraction in ethanol (BFP-Ex) as described
in Gou et al. (2003). Other herbal ingredients were also
extracted in ethanol and stored at �20 �C until use. Standard
laboratory reagents and compounds were purchased from
Sigma (MA, USA).
2.3. Uterine relaxation
Mature (8e10 weeks old) female ICR mice were estro-
genized (17b-estradiol, 50 mg/kg, i.p.) for 2 days in order to
synchronise cycles prior to uterine harvest. Uterine horns were
subsequently collected and suspended in an isolated organ
bath system containing warmed (37 �C) gassed (20% O2, 5%
CO2) Tyrodes solution, connected to an isometric force
transducer (Grass Instruments, USA). Analogue force
recordings were converted to digital signals using a Bridge
Amp (AD instruments, Australia) connected to a Power Lab
(AD instruments, Australia) recording system and displayed
using Chart 4.0 (AD instruments, Australia) software. Uteri
were allowed to acclimatize for 2 h and the resting tension
adjusted to 1 g prior to experimentation. Once stable resting
tension was maintained, uterine contractions were initiated
using oxytocin (0.01 U/ml). Cumulative relaxation concen-
tration response curves were assessed by addition of test
reagents dissolved in Tyrodes solution to the bath. At least
30 min washout and re-acclimatization was observed prior to
subsequent testing. Simultaneous recording of 4 uteri horns
was possible, with one channel serving as vehicle control.
Data was analysed using Chart Analysis software (AD
instruments, Australia) and expressed as % uterine contraction
of the maximum response to the contractile agonist being
100%. EC50 values were assessed using a curve fitting pro-
gramme, Prism (Graph Pad, USA).
2.4. Myometrial culture
Primary culture of myometrial cells was prepared using and
adaptation of the method described by Rudolph et al. (1997).
Briefly, uterine horns from adult female (6e10 weeks old) ICR
mice removed and digested in various enzymatic treatments to
remove the endometrium (Trypsin and Pancreatin), stroma
(collagenase I and Trypsin) and to dissociate the myometrial
cells (Trypsin and DNAse solution). Cells were plated onto
poly-L-lysine-coated Petri dishes and cultured in complete
DMEM/F12 for 18 h at 37 �C (5% CO2 in air), which allowed
fibroblasts to adhere to the culture flask. Unattached muscle
cells were transferred and grown for 4 days on uncoated 24-
well plates or glass coverslips for cAMP or Ca2þ activity
respectively in complete DMEM/F12 (37 �C, 5% CO2 in air).
2.5. Adenylate cyclase activity
Cyclic AMP production in cultured myometrial cells was
determined by measuring the conversion of [3H]-ATP to [3H]-
cyclic AMP according to Barber and Vasko (1996). Briefly, 4 h
prior to the assay, cells were incubated with 1 mCi/ml [3H]-
adenine (37 �C, 5% CO2 in air). The medium was carefully
aspirated and the cells were washed twice with 1 ml modified
HEPES buffer containing IBMX (1 mM). The cells were
covered with 0.5 ml of the same buffer and incubated with the
test herbs or compounds or vehicle for 30 min in an incubator
at 37 �C. The reaction was stopped by the addition of 0.5 ml
ice-cold TCA and ATP solution to a final concentration of 5%
and 1 mM, respectively, and the samples kept at 4 �C for at
least 1 h before column separation. [3H]-cyclic AMP was
separated from total [3H]-adenosine phosphates (AXP) by
column chromatography using Dowex and alumina in
a method adapted from Salomon et al. (1974). Each experi-
ment was performed in triplicate and cyclic AMP production
was expressed as ([3H]-cyclic AMP])/(total [3H]-adenosine
phosphates)� 1000.
2.6. Ca2þ fluorometry
Intracellular calcium ([Ca2þ]i) was assayed with the Met-
aFlour imaging system which measures the fluorescence
emitted from Fura-2-loaded cells. Briefly, myometrial cells
were plated onto poly-L-lysine-coated glass coverslips and
placed in 35 mm Petri dishes containing 2 ml complete
medium and cultured at 37 �C in air containing 5% CO2. After
3e4 days in culture, the medium was aspirated from the wells
and replaced with KrebseHenseleit Solution (KHS) contain-
ing Fura-2-AM (3 mM) and pluronic F127 (1.6 mM) (Nadal
et al., 1996). Following 45 min incubation at 37 �C, the
coverslips bearing Fura-2-loaded cells were mounted in
a heated chamber (Warner Instrument, USA) attached to the
stage of an inverted microscope (Olympus IX70). The cells
were perfused with KHS and continuously bubbled with 95%
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O2e5% CO2 to maintain pH 7.4. Following stimulation with
agonists KCl (40 mM) test compounds were added to assess
their effect on calcium release and fura-2 fluorescence ratio
recorded at excitations of 340 and 380 nm. The ratio of these
two signals is directly proportional to the [Ca2þ]i. Increase in
[Ca2þ]i was quantified by measuring the fluorescence ratio at
the peak of a response and subtracting from it the background
ratio measured before stimulation.
2.7. Statistical analysis
Data was analysed using Graph Pad Prism software (Graph
Pad, USA) Statistical levels of significance ( p< 0.05) were
calculated using one-way analysis of variance (ANOVA).
When levels of significance were detected a NewmaneKeuls
post hoc test was also applied.

3. Results
3.1. Uterine relaxation
BFP-Ex and its component herbs were examined for their
effect on uterine quiescence with use of the isolated mouse
uteri organ bath preparation. Addition of BFP-Ex following
contraction of the uterus with oxytocin caused a concentra-
tion-dependent relaxation and an EC50 value of 250 mg/ml
(Fig. 1). Of the herbs tested, Phellodendron amurense was the
most potent muscle relaxor (EC50¼ 76 mg/ml) followed in
rank order by Corydalis yanhusuo (EC50¼ 195 mg/
ml)> BFP-Ex (2EC50¼ 250 mg/ml)> Liqusticum wallichii
(EC50¼ 1 mg/ml).

Examination into the possible mechanism of BFP-Ex
induced relaxation, with the use of L-NAME, a nitric oxide
synthase inhibitor, and MDL 122330A, an adenylate cyclase
inhibitor, following contraction with oxytocin, showed no
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Fig. 1. Effect of MDL 122330A and L-NAME on BFP-Ex induced relaxation

in isolated uterine preparations contracted with oxytocin (n¼ 3).
significant difference in response despite the use of high
concentrations of antagonists (Fig. 1). Since L. wallichii
(Chuan xiong) is also widely used in the treatment of dys-
menorrhoea, its active ingredient tetramethylpyrazine (TMP),
was also tested for uterine relaxatory properties. TMP
was able to mediate uterine relaxation to an EC50 value of
357 mg/ml (Fig. 2).
3.2. Adenylate cyclase activity
The possible role of increased cAMP production being the
mechanism of uterine relaxation was further investigated in
P. amurense, C. yanhusuo, BFP-Ex and L. wallichii, using
primary myometrial cell culture and measurement of adeny-
late cyclase activity (Fig. 3). Following stimulation of the cells
for 30 min by test reagents in the presence of phosphodies-
terase inhibitor IBMX, only C. yanhusuo and adenylate
cyclase activator forskolin significantly increased adenylate
cyclase activity in mouse myometrial cells.
3.3. Ca2þ fluorometry
The possible role of BFP-Ex and its component herbs on
intracellular Ca2þ levels were examined using the MetaFlour
imaging system. Stimulation of the myometrial cells with ATP
and oxytocin caused significant increase in intracellular Ca2þ

measurement (Fig. 4A, B). However, upon addition of herbal
extracts to examine a possible Ca2þ inhibitory response, no
recordings were possible due to the pigmented nature of the
extracts. The response to TMP, the active component of
L. wallichii, was measurable, however, due to its translucent
nature. The results demonstrate that addition of TMP caused
a transient rise in myometrial cell intracellular calcium levels
which appeared to inhibit the effect of subsequently added
ATP and oxytocin (Fig. 4C, D).

4. Discussion

The influence of uterine contractions on the severity of
dysmenorrhoea and painful menstruation is well documented,
-5 -4 -3 -2
0

50

100

150
Liqusticum wallichi

TMP

[Agonist] (log mg/ml)

U
t
e
r
i
n

e
 
C

o
n

t
r
a
c
t
i
o

n
 
(
%

)

Fig. 2. Concentration-dependent effect of Liqusticum wallichii and TMP on

isolated uterine relaxation (n¼ 4).
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Fig. 3. Adenylate cyclase activity in myometrial primary culture in the pres-

ence of phosphodiesterase inhibitor IBMX. Statistical significance

***p< 0.001 (n¼ 6).
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with sufferers often describing labour-like contractions and
pain (Deligeoroglou, 2000). Although some studies have been
performed to prevent uterine contractions in pre-term labour
with the use of tocolytic agents such as oxytocin antagonists,
very little research has been done on the treatment of dys-
menorrhoea (Lamont, 2003; Gimpl and Fahrenholz, 2001).
This study therefore investigated whether reduction of uterine
contractility could be mediated by BFP-Ex, either by blockade
of calcium influx, or via increased relaxation due to
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Fig. 4. Representative traces of Ca2þ stimulatory effect of ATP (A) and oxytocin (B
stimulation of cAMP and nitric oxide (Price and Bernal, 2001;
Buxton, 2004).

The results show that BFP-Ex was able to induce
a concentration-dependent relaxation of mouse uteri following
oxytocin-induced contraction. Attempted inhibition of BFP-
Ex’s relaxatory response with the use of L-NAME, a non-
selective nitric oxide inhibitor, and MDL 122330A, an
adenylate cyclase inhibitor, however, had no significant effect,
suggesting that most of BFP-Ex’s relaxatory response was not
due to increases in NO or cAMP, but probably due to changes
in intracellular calcium. Unfortunately, this conclusion could
not be supported by analysis of myometrial cells in vitro since
the pigmented nature of the herbal mixtures interfered with the
fluorescent signal. Isolation and purification of the active
ingredients of the herbal extracts are therefore awaited in order
to confirm these findings.

Study of the relaxatory responses of individual component
herbs also revealed that a number of tested herbs have some
relaxatory properties. By far the most potent herbal extracts
were P. amurense and C. yanhusuo, suggesting that these two
herbs may be responsible for the majority of BFP-Ex’s relax-
atory effect. Measurement of adenylate cyclase activity in
cultured myometrial cells showed that C. yanhusuo can
increase cAMP accumulation above basal levels as did the
adenylate cyclase activator, forskolin, possibly explaining
C. yanhusuo’s relaxatory mechanism. The discrepancy between
the cAMP response in the organ bath and culture experiments is
probably due to either competing factors of active ingredients
in the whole BFP-Ex masking the results, or that the action of
C. yanhusuo is only a part of BFP-Ex’s response.
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The effect of another herb well known for treatment of
dysmenorrhoea, L. wallichii (Chuan xiong) and its active
ingredient TMP, also demonstrated that both have uterine
relaxatory properties. L. wallichii, however, was low in the
order of potency and even its active component TMP was
ineffective when compared to P. amurense and C. yanhusuo.
In myometrial cultures, both L. wallichii and TMP were
unable to increase adenylate cyclase activity above basal
levels, suggesting that neither can directly stimulate cAMP
production in this tissue preparation. This is rather unexpected
since we have previously shown that TMP can stimulate
colonic anion secretion via cAMP pathway (He et al., 2005).

Analysis of the effect of TMP on myometrial cells in vitro,
however, showed that TMP significantly inhibited ATP and
oxytocin-induced increases in intracellular calcium. In the
case of myometrial contractility, the decrease in oxytocin-
induced calcium entry would result in less uterine contractions
in response to the physiological stimuli of oxytocin, and thus
uterine relaxation, as seen following TMP application to the
isolated uterine preparation. However, the mechanism by
which TMP exerts its inhibition on agonist-induced intracel-
lular calcium increase remains unclear at the moment. It is
unlikely that TMP acts as an antagonist at the receptor level
since it blocks the calcium mobilization induced by both ATP
and oxytocin, each of which has its own receptor. TMP may,
however, bind to intracellular Ca2þ transporter, such as the
thapsigargin-sensitive sarcoendoplasmic reticulum Ca2þ-
(SERCA) pump as previously suggested (Zhu et al., 2006),
thereby modulating intracellular calcium levels in favour of
uteri relaxation.

In conclusion, we have demonstrated that BFP-Ex and its
herbal constituents could concentration-dependently stimulate
relaxation of isolated mouse uteri. The overall mechanism of
uterine relaxation of BFP-Ex is unlikely to be due to oxytocin
antagonism, increase in intracellular cAMP or nitric oxide,
although individual herbal ingredients may still possess some
of these qualities that contribute to the overall relaxatory
effect. Inhibition of calcium is probably the major mechanism
for loss of uterine tone following addition of BFP-Ex and its
extracts. Indeed, doseeresponse curves following BFP-Ex
administration resemble those of existing calcium channel
blockers and is the most probable candidate for BFP-Ex’s
relaxatory mechanism. However, this conclusion is drawn
based on calcium fluorometry measurements of one of BFP-Ex
active compounds, TMP, a constituent of L. wallichii, and the
same examination of the whole BFP-Ex was limited by the
interference of the herbal mixture with the fluorescent signal.
Due to the complex nature of BFP-Ex and the diverse active
ingredients and mechanisms involved, further work on indi-
vidual active components of P. amurense and C. yanhusuo is
needed to identify the mechanism of relaxing effect of BFP-
Ex. The present study does, however, highlight that the
demonstrated ability of Bak Foong Pills to alleviate menstrual
pain may not only rely on hormonal control, but also direct
regulation of uterine quiescence.
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