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ABSTRACT 
Purpose: To observe uterine contractile patterns in various phases of the menstrual 

cycle, and elucidate mechanisms involved in the inhibition of puerarin on rat uterine 

contraction.  

Methods: Uterus strips of Sprague Dawley rat were suspended in tissue chambers 

to measure the contractile activities of the strips. 

Results: Isolated myometrial strips possessed three typical forms of contractions: 

spontaneous rhythmic contraction, tonic contraction, and irregular contraction, 

respectively appearing in varied phases of the rat menstrual cycle. Puerarin not 

only dose-dependently inhibited spontaneous contraction but also could dose-

dependently inhibit KCl or PGF2α-induced uterus contractions. The inhibitory 

effects induced by puerarin in KCl-precontracted myometrial strips could be 

attenuated partly by β2 adrenoceptor antagonist ICI118551 but had no obvious 

changes prior to treatment with glibenclamide, Nw-L-nitro-arginine, ICI 182,780, 

tamoxifen or indomethacin. In high K+ Ca2+-free Kreb’s solution containing 0.01 

mmol/L egtazic acid (EGTA), puerarin decreased the first phase contractions 

induced by oxytocin, acetylcholine, or prostaglandin F2α, but did not affect the 

second contractions induced by CaCl2, and also had no marked effect on the 

concentration-response curve of CaCl2. 

Conclusion: The results demonstrate that uterus contraction patterns differ during 

varied menstrual cycle phases. Puerarin can inhibit isolated myometrium 

contractions, probably due to activation of β2-adrenoceptor, and partially via 

reduction of Ca2+ release from the sarcoplasmic reticulum.  

Keywords: Puerarin; myometrium contraction; menstrual cycle; adrenergic 

receptor; Ca2+ release 
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Introduction 
An adequate uterine movement can provide for 
gamete/embryo transportation through the utero-tubal 
cavities and successful embryo implantation in 
spontaneous or assisted reproduction. It has been 
reported that the non-pregnant uterus exhibits wave-like 
activity throughout the estrous cycle,1-3 but there are 
varied frequencies, intensities, and forms of myometrial 
contraction movements accompanying the different 
periods of the menstrual cycle. 4 Moreover, the 
endogenous estrogen and progesterone secretions during 
the ovarian cycle have a very important modulating 
effect on uterine contractile activity, however little is 
known about the precise contractile characteristics of 
uterine smooth muscle from varied phases of the 
menstrual cycle. Therefore, the present study aimed to 
identify the relationship between uterine contractile 
patterns and the phases of the menstrual cycle, which will 
be very helpful for determining embryo receptivity, 
improving the pregnancy rate, understanding the 
etiology of infertility, and alleviating the symptoms of 
dysmenorrhea and endometriosis by regulating the 
uterine contractile activity.  
 

Puerarin (4’-7-dihydroxy-β-D- glucosyl isoflavone), an 

analog of estradiol, is a C-glycoside compound 
extracted from Pueraria radix, which is used in 
Traditional Asian Medicine and as nutritious food. 5-7 Its 
crude extracts contain rich isoflavones, such as daidzein, 
daidzin, puerarin, and 7-diglucoside, of which structures 
are very similar. 8 Besides, a few studies have revealed 
that puerarin possesses many physiological and 
pharmacological functions, including apoptosis in colon 

cancer cells, 8 binding preferential to estrogen β receptor, 
9 inhibitions of aromatase 10 and xanthine oxidase 
expression 11 and modulation of cytochrome P450 isoform 
activity. 12 Puerarin also has the potential for clinical use 
because of its improvement in blood circulation, 13 the 
prevention of cardiovascular diseases,14,15 and 
improvement of arrhythmia. 16 Thus, puerarin injection has 
been widely used in clinical practice. Studies have also 
shown that puerarin has inhibitory effects on the 
contractility of isolated vascular smooth muscle in mice. 17 
Although the increasing interest in the effects of puerarin, 
there are few studies about the effects of puerarin on 
uterine smooth muscles. In our study, the second purpose 
was to observe and compare the effects of puerarin on 
the spontaneous and activated contractile activities of 
uterine smooth muscle in various phases of the estrous 
cycle and to elucidate the underlying mechanisms. 
 

Materials and methods 
DRUGS 
Puerarin (PUE), erythro-DL-1-(7-Methylindan-4-aryloxy)-
3-isopropylamine-2-butanol (ICI 118551), tamoxifen 
(TAM), Nw-nitro-L-arginine (L-NNA), oxytocin (OXY), 
acetylcholine (ACh), indomethacin (IND) were purchased 
from Sigma-Aldrich, St. Louis, MO Sigma, Chemical Co, 

USA; Glibenclamide (HB-419), prostaglandin F2α 

(PGF2α), 7α-[9-(4,4,5,5,5-Pentafluoro-pentyl sulpho-

nyl)nonyl]oestra-1,3,5(10)-triene-3,17β-diol (ICI 

182780) were obtained from Tocris Bioscience, 
Minneapolis, MN. OXY and ACh were dissolved in 
distilled water, while the other drugs were dissolved in 
dimethyl sulphoxide (DMSO). 

 
ANIMAL AND TISSUE PREPARATION 
All experiments were performed in strict accordance with 
the protocols approved by the Ethics Committee and 
Institutional Animal Care and Use Committee of Lanzhou 
University, and in accordance with guidelines from the 
International Association for the Study of Pain. Female 
Sprague Dawley rats (SD rats, n=50, provided by the 
experimental animal center of Lanzhou University) 
weighing 200-230g had free access to food and water 
before sacrifice.  
 
All animals were fasted overnight (12h) prior to being 
operated without limiting water. The experimental-
consuming rat was anesthetized with 0.3% sodium 
pentobarbitone intramuscularly before euthanasia, and 
the whole uterus was quickly removed and placed in a 
Petri dish filled with Kreb’s solution containing the 
following compositions (mmol/L): NaCl 120, KCl 5.9, 
NaH2PO4 1.2, MgCl2 1.2, NaHCO3 15.4, CaCl2 2.5, and 
glucose 11.5, buffered at pH 7.4. The uterine horns were 
cut into three equal-length (5mm×10mm) segments, and 
then the muscle strips were mounted longitudinally in 

separate 5mL tissue chambers containing 37±0.5℃ 
Kreb’s solution, bubbled with 95% O2 and 5% CO2. The 
muscle preparations were allowed to equilibrate for 
30min with a resting tension of 1.5g and the solution was 
changed every 20min. The tonic and phasic contractions 
of the uterine smooth muscles were measured with force 
transducers and recorded with the BL-420S experimental 
system of biological function (TME, China) by 
microcomputer. 
 
CONTRACTILITY STUDY 

Puerarin (0.1, 0.5, 1.0, 5.0, 10.0, 50.0, or 100.0 μmol/L) 

or the same dose of the solvent DMSO (control) was 
added cumulatively to the tissue chamber every 5min, the 
effects of different concentration puerarin on contractile 
activity of isolated uterine smooth muscle were observed. 
 
In some experiments, in order to determine the effect of 
PUE on contractile response stimulated by high K+ (40 
mmol/L KCl), KCl was added into the organ chambers 
until there was nearly no contractile- wave, when the tonic 
contraction of uterine smooth muscles was induced by KCl 

to the maximal contraction, PUE (0.1-100.0 μmol/L) was 

administrated cumulatively, and the effect of PUE on KCl–
induced uterine contraction was observed. In order to 
determine the mechanisms involved in the effects of PUE 
on KCl–induced myometrium contraction, uterine strips 
were treated with the following drugs (10-6mol/L 
ICI118551, 10-5mol/L HB-419, 10-5mol/L L-NNA, 10-

6mol/L TAM, 10-5mol/L ICI182780, 10-5mol/L IND) for 5 
to 10 min, and then the influence of PUE (0.1-100.0 

μmol/L) on KCl-induced myometrium contraction was 

observed repeatedly. 
 
In order to determine the effect of PUE on contractile 

response stimulated by PGF2α, PGF2α (10-6 mol/L) was 

added into the organ chambers, and the uterine 
contractile activities were activated and enhanced, when 
the contractile activities were stable PUE (0.1-100.0 

μmol/L) was added cumulatively, and the effect of PUE 

on PGF2α–induced uterine contraction was observed. 
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To evaluate the possible effect of PUE on calcium influx 
through potential-dependent calcium channels (PDCs), 
uterine smooth muscle strips were incubated in calcium-
free Kreb’s solution containing 0.01mmol/L egtazic acid 
(EGTA) for 30 min and then treated with KCl (80mmol/L). 
When contractile response reached the equilibration, 
CaCl2 (10-5, 10-4.5, 10-4, 10-3.5, 10-3, 10-2.5, 10-2 mol/L) 
was added into the organ chambers and the CaCl2 
concentration-dependent contraction curve was obtained 
(control), after washout and equilibration the strips were 

incubated with PUE (50 or 100 μmol/L) for 10min, and 

the CaCl2 concentration-dependent contraction curve was 
measured again. 
 

To estimate the prospective effect of PUE on receptor-
operated channels (ROCs) or Ca2+ release, uterine 
smooth muscle strips were incubated in calcium-free 
Kreb’s solution containing 0.01mmol/L egtazic acid 
(EGTA) for 30min and then treated with OXY (0.4IU/L), 

ACh (5×10-5mol/L), or PGF2α (10-5 mol/L); when the first 

phasic contraction reached the equilibration, CaCl2 was 
added and the second phasic contraction was obtained 

(control). PUE (100 μmol/L) was added into the chambers 

for 10 min before repeating all the procedures, and then 
the response contraction curve was obtained. 
 

STATISTICAL ANALYSIS  
All results are expressed as mean±SEM. “n” refers to the 
number of rats. Data were expressed as % decrease in 
KCl (40 mmol/L) induced contraction or basal contraction. 
In experiments involving concentration-response curves, 
the results were expressed as the percentage of control 
maximal contractile responses induced by 10-2 mol/L 
CaCl2. The maximum contractile response (Emax) and the 
half-maximum effective concentration value (EC50) were 
determined for each curve by using a non-linear least 
square (Graph Pad Software, San Diego, CA, USA) and 
presented as pD2 (pD2= -logEC50). Statistical analysis 
was performed by using the Student’s t-test and analysis 
of one-way ANOVA with the SPSS software (SPSS, Inc., 
Chicago, IL). P<0.05 was considered statistically 
significant. 
 

Results 
RELATIONSHIP BETWEEN ESTROUS CYCLE AND 
CONTRACTILE ACTIVITIES OF THE UTERINE SMOOTH 
MUSCLE IN RATS 
The spontaneous contractile activities of isolated uterine 
smooth muscle from SD rats were not always regular. 

There were three typical contractile patterns, which 
corresponded to different phases of the menstrual cycle. 
(1) Some isolated smooth muscle strips possessed 
spontaneous phasic contraction with mean basal resting 
tension 1.594±0.12g, mean amplitude 3.035±0.39g, 
and mean frequencies 0.938±0.15 min/wave (Fig. 1A: 
A1). The rhythmic contractile waves were tight, uniform, 
and stable; by hematoxylin-eosin staining (HE staining) 
observation, the uterine cycle was in the late proliferative 
phase or early secretory phase (Fig. 1B: B1, B2), and 
ovary seemed to be in the maturation phase of follicle or 

the ovulatory period（Fig. 1C: C1, C2). The glands in the 

uterine tissue increased and became bigger (Fig. 1B: B1), 
and the shape of the glands appeared near round; the 
shape of the follicular epithelial cell nucleus became a 
short rod from a long rod (Fig. 1B: B2); the arrangement 
of the interstitial cell was neat and tight. (2) The other 
muscle strips had obvious tonic contraction with mean 
basal resting tension of 1.281±0.07g (Fig. 1A: A2), there 
were nearly no waves in the contractile traces, and even 
exhibited a straight line only; according to the 
observation of HE staining, the uterine cycle was in the 

late secretory phase （Fig. 1B: B3, B4, B5, B6）, and 

ovary showed in the luteal phase (Fig. 1C: C3, C4). The 
uterus glands became even bigger, and looked like 
ellipses or dumbbells (Fig. 1B: B3, B4); there appeared 
some bubbles near the nucleus of the follicular epithelial 
cells (Fig. 1B: B5), and some of them showed apocrine 
secretion (Fig. 1B: B6); the interstitial cells were round; 
there were many spiral arteries in the tissue (Fig. 1B: B4). 
(3) The rest of the smooth muscle strips showed untypical 
contractile activities (Fig. 1A: A3): the waves were not 
rhythmic and regular, the amplitude and frequencies of 
the waves were not stable, and the waves became 
weaker and weaker, even disappeared at last; it 

occurred in the menstrual period （Fig. 1B: B7, B8）or 

the early proliferative phase of the uterus （Fig. 1B: B9, 

B10）, and ovary showed in the early (Fig. 1, C: C5, C6) 

or the mid of follicle phase through HE staining (Fig. 1C: 
C7, C8). The uterus glands in the functional stratum 

became broken（Fig. 1B: B7, B8）, the interstitial cells 

tended to get together, and there appeared a small 
number of neutrophils; Additionally, some slices showed 

us a few small and round glands（Fig. 1B: B9）, the 

shape of the follicular epithelial cell nucleus looked like a 
long rod (Fig. 1B: B10), the arrangement of the interstitial 
cell was very neat and tight. 

 



Inhibitory effects of puerarin on myometrium contraction during rat menstrual cycle and its underlying mechanisms 

© 2024 European Society of Medicine 4 

 
Fig 1. Contractile activities (A) of isolated uterine smooth muscle from rats in various phases of the uterus cycle (B) 
and ovarian cycle (C). Spontaneous phasic contraction (A1) appeared in the late proliferative phase (B1) or early 
secretory phase (B2), and while the ovary was in the late follicular phase and ovulatory period (C1&C2). Tonic contraction 
(A2) appeared in the late secretory phase (B3-B6), and meanwhile the ovary was in the luteal phase (C3&C4). Untypical 
contractile activity (A3) appeared in the menstrual period (B7&B8) and the early proliferative phase (B9 & B10), and 
while the ovary was in the early (C5&C6) or the mid (C7&C8) of the follicular phase. Arrows indicate the characteristics 
of the changes in each period. 
 
EFFECTS OF PUERARIN ON SPONTANEOUS PHASIC 
CONTRACTIONS IN RAT UTERINE TISSUES 
In some uterine strips with spontaneous rhythmic 

contractions, puerarin (0.1-100.0μmol/L) could dose-

dependently inhibit the phasic contractile activities, it 

could decrease the mean contractile amplitude and 
frequencies significantly, also produced an obvious 
reduction in resting tone compared to the solvent DMSO 
control (Fig. 2).  
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Fig 2. Effects of puerarin on rat uterine spontaneous phasic contractions. Typical recordings of the effects of the 
solvent DMSO (A) and puerarin (PUE) (B) on uterine contractions. The values expressed as the percentage of decrease in 
the basal tension, mean maximal amplitude, and mean frequencies of the uterine contractions after dealing with PUE (C). 
Compared to the solvent DMSO control: *P<0.05, ** P<0.01, ***P<0.001. 
 
Effects of a variety of inhibitors on puerarin-induced 
uterine relaxation in KCl-precontracted uterine strips 
In KCl (40 mmol/L) precontracted uterine smooth muscle, 

puerarin (0.1-100 μmol/L) produced a dose-dependent 

relaxation (Fig. 3A, r=0.96, P<0.05, n=10).  
 

Incubation with ICI 118551, a β2 adrenergic antagonist, 

partly but significantly inhibited the concentration-

dependent relaxation caused by puerarin in KCl-
precontracted uterine strips (n=5, Fig. 3 B), however 
pretreatment with ATP-dependent K+ channel blocker 
HB-419 (n=8), NO synthase inhibitor L-NNA (n=7) (Fig 
3B), estrogen receptor modulator TAM (n=9) or 
antagonist ICI 182780 (n=7), and prostaglandin 
synthase inhibitor IND (n=9) (Fig. 3C) respectively, failed 
to alter the inhibitory effects of puerarin. 
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Fig 3. Inhibitory effects of puerarin on KCl-induced rat myometrial contractions in the absence and the presence of 
various inhibitors. (A) Typical recording of the effects of puerarin (PUE) on KCl-induced uterine contractions. (B) and (C) 
The values expressed as the percentage of decrease in KCl induced-contraction after cumulative administration of PUE 
in the absence and the presence of ICI118551, glibenclamide (HB-419), Nw-nitro-L-arginine (L-NNA), tamoxifen (TAM), 
ICI182780, and indomethacin (IND). Compared to the solvent DMSO control: *P<0.05, ** P<0.01, ***P<0.001; 
Compared to PUE group: +P<0.05, ++P<0.01, +++P<0.001. 
 

EFFECTS OF PUERARIN ON PGF2α-INDUCED UTERINE 
CONTRACTIONS  

As shown in Fig. 4 A, PGF2α (10-6 mol/L) increased 

contractile force, amplitude, and frequencies, puerarin 

(0.1-100.0 μmol/L) markedly inhibited the PGF2α-

induced contraction in a dose-dependent manner, it could 
decrease the mean contractile amplitude, frequencies 
significantly and basal tension as compared to the solvent 
DMSO control (Fig. 4A, B and C).  
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Fig 4. Effects of puerarin on prostaglandin F2α-induced uterine contractions. Typical recording of the effects of DMSO 

(A) and puerarin (PUE) (B) on prostaglandin F2α (PGF2α)-induced uterine contractions in rats. (C) The values expressed as 

the percentage of decrease in the basal tension, mean maximal amplitude, and mean frequencies of the uterine 
contractions after dealing with PUE. Compared to the solvent DMSO control: *P<0.05, ** P<0.01, ***P<0.001. 
 
EFFECTS OF PUERARIN ON BIPHASIC CONTRACTIONS 

INDUCED BY OXY, ACh, PGF2α, AND CaCl2 
In calcium-free (0.01 mmol/L EGTA) Kreb’s solution, no 
spontaneous phasic contractions were observed, but OXY 

(0.4IU/L), ACh (5×10-5 mol/L), or PGF2α (10-5 mol/L) 

could cause a transient contraction with the tensive 
increase of 0.913±0.19g, 1.896±0.37g, 0.428±0.09g 
respectively. As soon as such contraction reached a 
plateau, CaCl2 (20 mmol/L) was rapidly added into the 
bath and another higher contractile response occurred 
with the tensive increase of 2.033±0.41g (n=12), 
1.948±0.64g (n=6), 1.726±0.36g (n=6) respectively. 

Puerarin (100 μmol/L) reduced the first contraction 

induced by OXY from 0.913±0.19g to 0.522±0.09g 
(P<0.05, Fig 5 A), by ACh from 1.896±0.37g to 

1.140±0.36g (P<0.05, Fig. 5 B), and by PGF2α from 

0.428±0.09g to 0.176±0.13g (P<0.05, Fig. 5 C), but 
had no obvious changes in the second contraction caused 
by CaCl2 in Fig 5A (2.03±0.41g in puerarin groups vs 
2.26±0.36g in solvent control, P>0.05), in Fig 5B 
(1.95±0.64g in puerarin groups vs 2.16±0.85g in 
solvent control, P>0.05), and in Fig 5C (1.73±0.36g in 
puerarin groups vs 1.79±0.37g in solvent control, 
P>0.05).
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Fig 5. Effects of puerarin on influx of extracellular Ca2+ and Ca2+ release from the sarcoplasmic reticulum. Traces of 

oxytocin (OXY), acetylcholine (ACh), prostaglandin F2α (PGF2α), and CaCl2-induced contraction of uterine smooth muscle 

strips in Ca2+-free Kreb’s solution in the absence and presence of puerarin (PUE) (A, B, C).  
 
EFFECTS OF PUERARIN ON Ca2+-DEPENDENT UTERINE 
CONTRACTIONS IN RATS 
In high K+ (80mmol/L) depolarized tissues in a Ca2+-free 
medium, CaCl2 (10-5 to 10-2 mol/L) elicited a 
concentration-dependent contraction. Pretreatment with 

puerarin (50 or 100μmol/L) did not change the 

contractile response to CaCl2. The maximal contractions 

of CaCl2 for control and after incubation with puerarin 

(50 or 100μmol/L) were (100±0) %, (93.15±14.00) %, 

and (94.20±8.12) % respectively (P>0.05 vs control, 
n=9). The pD2 values of CaCl2 for control and after 

incubation with puerarin (50 or 100μmol/L) were 

3.03±0.06, 3.03±0.10 and 3.04±0.13 respectively 
(P>0.05 vs control, n=9). (Fig. 6A, B, C). 

 
Fig 6. Effects of puerarin 
on CaCl2 dose-
dependent contraction 
curves in myometrium 
in Ca2+-free Kreb’s 
solution.  
Traces of CaCl2-induced 
contraction of rat uterine 
smooth muscle in Ca2+-
free Kreb’s solution in the 
absence and presence of 
puerarin (PUE) (A, B). Line 
plots had shown the 
effects of PUE (50 & 100 

μmol/L) on CaCl2 dose-

dependent contraction 
curves in isolated uterine 
smooth muscle strips. The 
values expressed as a 
percentage of control 
maximal contractile 
responses induced by 10-

2 mol/L CaCl2 (C). Results 
are expressed as 
mean±SEM (n=6-9). 
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Discussion 
The non-pregnant uterus can exhibit wave-like activity, 
the wave frequencies can be analyzed through the 
unidirectional waves (fundus-to-cervix or cervix-to-
fundus) in spontaneous estrous cycles and stimulation 
cycles. There are contraction properties and a variation 
in frequencies of the unidirectional waves from the mid-
follicular to the late follicular phase or the early luteal 
phase. 18 After ovulation, there is a reduction which might 
optimize the contact between the blastocyst and the 
endometrium to facilitate implantation. 19 During the 
luteal phase, the upper fundal part of the uterus shows 
relative quiescence that could facilitate embryo 
implantation. 20,21 In our present study, we observed 
similar results which were consistent with previous 
research and papers. In the late proliferative phase or 
early secretory phase, the contractile activities of uterine 
smooth muscle revealed the pattern of spontaneous 
phasic contraction; in the late secretory phase, there were 
nearly no contracting waves; and in the menstrual period 
and early proliferative phase, there were untypical 
contractile activities. These three patterns of uterine 
contractile activity circulated in various phases of the 
estrous cycle. 
 
Steroid hormones estradiol and progesterone exert 
actions on uterine contractility, and they can influence the 
rhythmicity of uterine contractions. 22 The endogenous 
estrogen secretion is responsible for the change in 
direction of contractions during estrus; 23 while 
progesterone can cause local vasodilatation and induce 
uterine musculature quiescence by promoting nitric oxide 
synthesis in the decidua. 21 In the present study, there 
appeared three different uterine contractile patterns 
according to the estrous cycle. All the above substantial 
pieces of evidence suggest that the appearance of 
contractile patterns could be adjusted by the steroid 
hormone whose secretion is fluctuated in the estrous cycle. 
Adequate uterine contractility may provide for 
gamete/embryo transportation and successful 
spontaneous embryo implantation or assisted 
reproduction, but inadequate uterine contractility may 
lead to ectopic pregnancies, miscarriages, retrograde 
bleeding with dysmenorrhea, and endometriosis. 
Therefore, it is possible to correct the direction of sperm 
movement and improve the rate of embryo implantation 
by adjusting the secretion and concentration of estradiol 
and progesterone; moreover, the steroid hormones could 
potentially alleviate the symptoms of dysmenorrhea and 
endometriosis by regulating the uterine contractile 
activity. 24  
 
Previous studies have demonstrated that the increase of 
Ca2+ concentration in the uterine smooth muscle induces its 
contraction and the concentration of Ca2+ can be 
regulated by two different Ca2+ channels: receptor-
operated channels (ROCs) and potential dependent 
calcium channels (PDCs). 25 In the PDCs, membrane 
depolarization caused by high K+ (high concentrations of 
KCl) could open the L-type PDCs and increase the Ca2+ 
influx through the PDCs, resulting in uterine smooth muscle 
contraction. It has also been reported that potassium-
stimulated uterine contraction depends exclusively upon 
the influx of extracellular calcium. In the present 
experiment, KCl (40mmol/L) could cause the tonic 

contraction in uterine smooth muscle strips, and puerarin 
could dose-dependently reduce the KCl-induced 
contraction in normal Kreb’s solution. The results indicate 
that puerarin can inhibit the influx of extracellular Ca2+, 
and decrease the tonic contractile activity of the 
myometrium. However, in our study, puerarin (50 or 

100μmol/L) could not reduce CaCl2-induced contraction 

in a calcium-free high K+ depolarization medium and did 
not affect CaCl2 cumulative concentration-response 
curves. Considering these observations mentioned above, 
it seems reasonable to suggest that the mechanism of 
extracellular Ca2+ influx from PDCs may not be involved 
in the inhibitory effects of puerarin. Additionally, OXY, 

ACh, and PGF2α can induce uterine contractions when they 

bind to membrane G-protein-coupled receptors, and 
they increase the concentration of Ca2+ via both the influx 
of extracellular Ca2+ through ROCs and by the release 
of intracellular stored Ca2+. In the present study, OXY, 

ACh, or PGF2α caused a transient contraction of the 

uterine smooth muscle in the Ca2+-free Kreb’s solution, 
which involved in the release of intracellular stored Ca2+, 
then the addition of CaCl2 to the perfusion caused 
another brief contraction which induced by the influx of 
extracellular Ca2+ through ROCs; it is interesting that 
puerarin could reduce the first contraction induced by 

OXY, ACh, or PGF2α, but did not change the second 

contraction caused by CaCl2. The results suggest that the 
inhibitory effect of puerarin is related to the Ca2+ release 
from the sarcoplasmic reticulum, but may have nothing to 
do with the Ca2+ influx. 
 
ICI 118,551 possesses a high degree of selectivity and 

specificity for the β2-adrenoceptor. By binding to cardiac 

β-adrenoceptor, ICI 118,551 can block the binding (and 

therefore action) of the endogenous catecholamines such 
as adrenaline and noradrenaline, resulting in a reduction 
in the rate and force of cardiac contraction. 26 Thus, ICI 

118551, as a very selective β2 adrenergic receptor 

antagonist, was used in the present experiment to assess 
whether the inhibitory effects of puerarin on the uterine 

contractile activity were relevant to the β2-adrenoceptor, 

and the data from the present study suggest that the 
inhibitory effect of puerarin on the uterine contractile 

activity probably has the relationship with the β2-

adrenoceptor because ICI 118551 could partly block the 
inhibitory effect of puerarin. 
 
Papers have previously shown that glibenclamide (HB-
419) is a selective antagonist of the K+ channel openers 
in vitro. 27,28 HB-419 has been demonstrated to inhibit the 
opening of ATP-dependent K+ channels in the pancreas, 
29 the heart 30 and vascular smooth muscle cells. 31 In the 
present study, the inhibitory effects of puerarin were not 
abolished by HB-419 in the KCl-induced uterine smooth 
muscle, it suggests that the effects of puerarin are not 
mediated through the activation of ATP-dependent K+ 
channels in uterine smooth muscle cells. 
 
Nitric oxide (NO), previously identified as the main 
endothelium-derived relaxing factor, is formed from L-
arginine by NO synthase (NOS) which converts L-arginine 
into citrulline and NO in the presence of NADPH and 
other cofactors. 32,33 The major mechanism of NO action 
in most tissues is that NO can activate the soluble 
guanylate cyclase, and form cGMP with subsequent.34 In 
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the present study, the inhibitory effects of puerarin on 
KCl-precontracted uterine smooth muscles were not 
changed by L-NNA, the inhibitor of the NO synthase, it 
suggests that the effects of puerarin are not relative to 
the NO production. Many studies prompted to assess the 
role of the smooth muscle relaxing factor NO in the 
regulation of uterine contractility and suggest that NO 
donors are in fact capable of altering uterine 
contractility, either by stimulating contractions 35 or by 
inhibiting spontaneous contractions. 36 All these pieces of 
evidence prove that NO is supposed to change uterine 
contractility; but in the present study, L-NNA could not 
change the effects of puerarin, which means that the 
effect of puerarin is not relevant to NO. 
 
The uterus is considered a very important target organ 
expressed with functional estrogen receptors (ERs), 37 so 
the effect of phytoestrogen puerarin may exert its 
estrogen effects in combination with ERs. The results of our 
study, however, demonstrate that the inhibitory action 
induced by puerarin is unlikely to be mediated by the ERs 
because ER modulator TAM or antagonist ICI 182780 can 

block not only classical ERα but also the novel ERβ 38 

failed to affect the inhibitory effects induced by puerarin, 
but whether these inhibitory effects of puerarin are 
independent of gene-mediated events for the molecular 
weight of puerarin is not very large, and it can easily 
enter cytoplasm through the cellular membrane to affect 
the expression of some genes, which still need more data 
to be proved. 
 
In our present study, indomethacin did not change the 
inhibitory effect induced by puerarin on the isolated 
uterine smooth muscle strips from the rats, and as we also 
know, indomethacin is an inhibitor of the endogenous 
prostaglandin synthesis, all these pieces of evidence 
indicate that the endogenous prostaglandin synthesis is 
not involved in the inhibitory effects on the uterine 
contractile activity induced by puerarin.  
 

Prostaglandin F2α (PGF2α) could cause the constriction of 

uterine smooth muscle and small endometrial blood 
vessels after tissue ischemia and endometrial 
disintegration, resulting in bleeding and pain.39 It has 

been previously reported that PGF2α levels would be 

elevated in women with primary dysmenorrhea. 39,40 
Besides, dysmenorrhea leads to increased PG (PGE2 and 

PGF2α) production, which may result in contraction of the 

blood vessels and myometrium, and insufficient blood 
flow to the endometrium, which in turn causes ischemia 
and the pain symptoms associated with dysmenorrhea. 
41,42 Though the role of PGs is implicated in 
dysmenorrhea, it is considered that dysmenorrhea is 

directly related to elevating PGF2α levels, and it is well 

established that PGF2α increases the concentration of 

Ca2+ and then stimulates uterine contraction.25,43 There is 
still a paper showing that estrogen administration could 
irritate the endometrial waves or contractions, 44 but from 

the results and data of our laboratory in recent years, 
estradiol cannot stimulate the contraction of various 
smooth muscles, but inhibit their contractions, thus, it is 
reasonable to presume that the symptom of 
dysmenorrhea is not caused by the secretion and 
concentration of estradiol, but caused by the out-of-
balance of the concentration between estradiol and 

PGF2α. The present study shows that puerarin could 

suppress PGF2α-induced uterine contractions of uterine 

smooth muscles. In Western medicine, dysmenorrhea can 
be treated by nonsteroidal anti-inflammatory drugs, 45 
which can produce many side effects, so Chinese 
medicinal therapy is considered a feasible alternative for 
treating dysmenorrhea. In the present study, puerarin 

could suppress PGF2α-induced uterine contractions of 

uterine smooth muscles, which suggests that the 
administration of puerarin might be beneficial for 
treating or improving dysmenorrhea. 
 
In summary, our findings suggest that the inhibitory effects 

of puerarin are probably due to the activation of β2-

adrenoceptor and the inhibition of Ca2+ release from the 
sarcoplasmic reticulum; but are not relative to the Ca2+ 

influx through PDCs and ROCs, the activation of ATP-
dependent K+ channels, NO release, estrogen receptor, 
or the endogenous prostaglandin synthesis. 
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