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Effects of Atractylodes Macrocephala on the Cytomembrane 
Ca2+-activated K+ Currents in Cells of Human Pregnant Myometrial 
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Summary�The study examined the inhibitory effect of Atractylodes macrocephala (AM) on the 
uterine contraction during premature delivery and explored its electrophysiological mechanism by 
studying the effects of AM on the Ca2+-activated K+ currents of pregnant human myometrial smooth 
muscle cells with or without the treatment with interleukin-6. Single cells were acutely isolated from 
pregnant human myometrial smooth muscles. Whole-cell Ca2+-activated K+ currents were recorded 
by using an Axopatch1-D amplifier. The cells were divided into three groups: group A in which AM 
was added into perfusate, group B, in which interleukin-6 was added into perfusate) and group C in 
which AM was added into perfusate after addition of interleukin-6. IL-6 10 ng/mL inhibited BKca by 
36.9%�13.7% as compared with control (P<0.01). AM at 2 mg/mL raised BKca by 36.7%�22.6% 
or 45.2%�13.7% with or without the treatment of IL-6, respectively (P<0.01). It is concluded that 
AM was able to enhance the BKca of pregnant human myometrial smooth muscle cells treated or un-
treated with interleukin-6 and its effect on the BKca IL-treated cells was stronger that its effect on 
BKca of untreated cells. Our results suggested that AM can help to maintain the membrane potentials 
and the resting status of pregnant human myometrial smooth muscle cells.
Key words�atractylodes macrocephala; interleukin-6; patch clamp, Ca2+-activated K+ currents; 
myometrial smooth muscle cells; premature delivery 

  Preterm or premature labor is a major factor that 
dictates the perinatal prognosis of infants. It has been 
shown that the IL-6 levels in amniotic fluid and blood of 
women undergoing preterm labor were significantly ele-
vated as compared to their normal counterparts[1], sug-
gesting that IL-6 plays a important role in the onset of 
human preterm labor. In myometrium, Ca2+, Na+, K+, and 
Cl– channels are all involved in the regulation of the 
resting membrane potential and the action potential and 
the K+ channel is critical in creating action potentials and 
maintaining stability of myometrial smooth muscles[2]. In 
China, Atractylodes macrocephala (AM), a traditional 
Chinese medicinal herb, has long been used for the 
management of preterm labor[3]. According to the theory 
of traditional Chinese medicine, AM can “protect fetu 
during pregnancy”[4]. But currently, the Chinese medici-
nal herbs have not be extensively used for the treatment 
of preterm labor and their pharmaceutical actions have 
been poorly understood. In this study, we examined the 
effect of effect of AM on the uterine contraction during 
premature delivery and explored its electrophysiological 
mechanism by studying the effects of AM on the 
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Ca2+-activated K+ currents of pregnant human myo-
metrial smooth muscle cells with or without the treat-
ment with interleukin-6. 

1 MATERIALS AND METHODS 

1.1 Tissue Collection 
Biopsies of human myometrium were obtained from 

women undergoing elective cesarean section in the third 
trimester of pregnancy in the Department of Obstetrics 
and Gynecology, Union Hospital, Tongji Medical Col-
lege, Huazhong Universisty of Science and Technology, 
Wuhan, China. The samples (about 20 mm�5 mm�5
mm in size) were taken from the lower segment of uterus 
along the upper side of a transverse incision for cesarean 
section. Women who had received exogenous pros-
taglandins, oxytocin, or corticosteroids were excluded 
from the study. Before the recruitment, written informed 
consent was obtained from each subject and the study 
was approved by the Research Ethics Committee of 
Hubei Province, China. The harvested samples were put 
in fresh Krebs-Henseleit physiological saline solution 
saturated with oxygen at 1–4°C and were used within 6 h 
after the sample collection. 
1.2 Solution (mmol/L) and Chemicals 

Soluble AM extract of powder nature was bought 
from Baoji Fangchen Co., China and was dissolved with 
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water and adjusted pH of 7.35–7.45 with Na2HPO4.
The Ca2�-free Hanks solution contained (in mmol/L) 125 
NaCl, 5.36 KCl, 15.5 NaHCO3, 0.336 Na2HPO4, 0.44 
KH2PO4, 10 glucose, 2.9 sucroce and  11 HEPES, with 
pH adjusted to 7.4 with 1 mol/L NaOH. Enzymatic di-
gestion solution  consisted of Ca2�-free Hanks, colla-
genase IA 1 mg/mL, collagenase � 1 mg/mL, 0.2% 
soybean trypsin inhibitor, 0.2% BSA. Physiological sa-
line solution (PSS) included (in mmol/L) 135 NaCl, 5.0 
KCl, 2.0 CaCl2, 1.2 MgCl2, 10.0 glucose and 10.0 
HEPES, with pH adjusted to 7.4 with 1 mol/L NaOH. 
Intracellular (pipette) solution (in mmol/L) 134 KCl, 6 
NaCl, 1.2 MgCl2, 0.1 EGTA, 11 glucose, 3 dipotassium 
ATP, and 10 HEPES, adjusted pH to 7.2 with 1 mol/L 
KOH) (Sigma-Aldrich, USA). 
1.3 Cell Isolation 

The myometrial samples were cut into pieces of 2–3
mm3 and incubated at 37°C for 35–40 min in low-Ca2+

PSS containing collagenase. The cells were dispersed by 
transferring the digested tissue pieces to fresh low-Ca2+

PSS and triturating through a wide-bore glass pipette. 
The cell suspension was then triturated and filtered 
through an 80-μm nylon mesh filter. Cells were stored in 
Ca2+-free Hanks at 4°C. 
1.4 Grouping  

Three groups were set up in terms of treatment 
agents added to bath solution. In control group, bath so-
lution was CaPSS. In AM group, AM of different con-
centrations (1 mg/mL, 2 mg/mL, 4 mg/mL) was added. 
In IL-6 group, the bath solution contained 10 ng/mL of 
IL-6. In IL-6+AM group, the bath solution contained 10 
ng/mL of IL-6 and then AM of different concentrations 
(1 mg/mL, 2 mg/mL and 4 mg/mL was added. All the 
tests were conducted at 22–25°C. The responsible BKca 
was recorded by employing an EPC-9 amplifier in the 
perforated whole-cell patch-clamp configuration. 
1.5 Electrophysiological Techniques 

Step-voltage stimulation was used. Tracings were 
taken from a range of potentials (–40 to +100 mV), with 
a holding potential of –60 mV, lasting 500 ms, and a 
stimulation interval of 10 s. Large conductance cal-
cium-activated potassium channel currents could be in-
duced when membrane potential was depolarized to 
10–50 mV. The channel currents before and after the 
treatment were compared when the holding potential was 
+10 mV (fig. 1). 

Fig. 1  Complete current (pA)-voltage (mV) relationship for 
steady-state outward current 

1.6 Statistical Analysis 
Channel currents were normalized, i.e., a percentage 

number was calculated by dividing the channel current 
after the treatment with the maximal current before the 
treatment, and was expressed as ±s. GraphPad InStat 
1.4 software package (GraphPad Software Inc., USA) 
was employed for statistical evaluation. Tukey’s Hon-
estly Significant Difference Post hoc test was used to 
determine significance of the differences among data.  
A P<0.05 was considered to be statistically significant. 

2 RESULTS 

2.1 Effects of AM on the Cytomembrane BKca

The maximal amplitude of BKca was increased by 
5.4%�6.6% (n=10, P<0.05) when the concentration of 
AM was 1 mg/mL, and the BKca was raised by 36.7%�
26.6% and 37.8%�13.2% at the AM concentration of  
2 mg/mL and 4 mg/mL AM respectively (n=10, P<0.01). 
But the effect was not concentration-dependent (P>0.05) 
(figs. 2, 3). 

Fig. 2  Control 

Fig. 3  AM at 4 mg/mL 

2.2 Effects of IL-6 on the Cytomembrane BKca

The maximal amplitude of BKca was inhibited by 
36.9%�13.7% as compared with control when the con-
centration of  IL-6 was at 10 ng/mL (n=10, P<0.01) 
(figs. 2, 4) 

Fig. 4  IL-6 at 10 ng/mL 

2.3 Effects of IL-6+AM on the Cytomembrane BKca

BKca was not significantly changed by AM at 1 
mg/mL in the presence of 10 ng/mL IL-6 (P>0.05).  
The maximal amplitude of BKca was increased by 45.2%
�13.7%, 45. 5%�12.0% after treatment with 2 mg/mL 
or 4 mg/mL of AM, in the presence of 10 ng/mL IL-6 in 
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bath solution (n=10, P<0.01). But the effect was not 
concentration-dependent (P>0.05) (figs. 4, 5). 

Fig. 5  IL-6 at 10 ng/mL plus AM at 4 mg/mL

3 DISCUSSION 

Premature delivery is a “syndrome” caused by a va-
riety of factors and the its exact mechanisms have been 
poorly understood. Some studies suggested that cyto-
kines and its related products were associated with the 
occurrence of premature delivery, and especially they 
play important roles in the onset of septic premature de-
livery. In the cytokine family, IL-6 is an important in-
flammatory factor and it is involved in the whole preg-
nant process, its secretion being regulated by progesto-
gen. When amniotic cavity is infected by bacteria, im-
mune reaction will result. As a consequence, large 
amount of cytokines, such as IL-6, are produced in de-
ciduous membranes, amniotic membrane and chorionic 
vesicles. Cytokines increase the sythesis of prostagland-
ins, elicit uterine contraction and promote cervix matur-
ity, thereby resulting in premature delivery[5].

The muscle of the uterus, or the myometrium, is a 
spontaneously active smooth muscle, which remains 
largely quiescent throughout most of pregnancy, and 
then at term provides powerful rhythmic contractions in 
order to expel the fetus. These contractions are intimately 
associated with fluctuations in membrane potential[6-8].
Myometrial smooth muscle cells are richly endowed with 
BKca channels[9-11]. These channels are sensors of voltage 
and intracellular Ca2+, and are responsible for membrane 
repolarization that follows depolarization and the ac-
companying increase in cytosolic free Ca2+ during an 
action potential[12]. Activation of K+ channels, including 
BKca channels, in smooth muscle cells, results in hyper-
polarization and muscle relaxation, whereas their inhibi-
tion or blockade induces depolarization and muscle con-
traction[13-15]. Thus, myometrial excitability is closely 
linked to the membrane potential, and BKca channels are 
important regulators of smooth muscle contractility[9].

This study examined the functional link between 
activation of BKca channels and the utero-relaxing effect 
of IL-6. Biopsies of human myometrium were obtained 
from women undergoing elective cesarean section in the 
third trimester of pregnancy without complications.  
The harvested myometrial smooth muscle cells were 
directly subjected to IL-6 treatment. Our result showed 
that IL-6 lowered the maximal amplitude of BKca by 
36.9%±13.7% as compared with control, and IL-6 could 
hold back exoscopic potassium current in the myometrial 
smooth muscle cells. These results were consistent with 
previous findings that IL-6 was definitely related with 
premature labor[16].

The current treatment for premature delivery is 
pricinally symptom-oriented and the effect has not been 

very sastisfactory. AM has been traditionally used for the 
protection of fetus during preterm delivery[17]. Chemical 
compositions of AM include aetherolea, atractylentriol, 
vitamin A etc. Previous animal experiments had con-
firmed that its pharmacological action of AM on animal 
myometrial smooth muscle cells[18], but no study  has 
been conducted concerning its effect in human being. 
Some researchers studied the inhibitory effect of human 
chorionic gonadotropin (HCG) on Ca2+-activated K+

currents of human myometrial smooth muscle cells[2],
and found a correlation between adrenoceptor and 
Ca2+-activated K+ currents[19]. But effect of AM on BKca

of human myometrial smooth muscle cells has not been 
reported. 

On the basis of previous studies, in this study, biop-
sies of human myometrium at term pregnancy were ob-
tained and patch clamp test showed that 1 mg/mL of AM 
did not exert any conspicuous effect on BKca, and the 
current was increased by 36.7%±26.6% by 2 mg/mL of 
AM. Moreover, its effect on the BKca was not concentra-
tion-dependent. However, 2 mg/mL AM raised the 
maximal BKca by 45.2%±13.7% in the presence of IL-6, 
suggesting that AM could enhance the BKca of pregnant 
human myometrial smooth muscle cells with or without 
interleukin-6. The study demonstrated that AM can help 
to maintain the quiescence of pregnant human myo-
metrial smooth muscle cells and provided basis for its 
clinical application in the treatment of premature deliv-
ery. Further studies are needed to investigate its phar-
macological actions in vivo.
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