
Abstract The effects of honokiol and magnolol extracted
from the Magnolia officinalis on muscular contractile re-
sponses and intracellular Ca2+ mobilization were investi-
gated in the non-pregnant rat uterus. Honokiol and mag-
nolol (1–100 µmol/l) were observed to inhibit spontaneous
and uterotonic agonists (carbachol, PGF2α, and oxytocin)-,
high K+-, and Ca2+ channel activator (Bay K 8644)-induced
uterine contractions in a concentration-dependent manner.
The inhibition rate of honokiol on spontaneous contrac-
tions appeared to be slower than that of magnolol-induced
response. The time periods that were required for honokiol
and magnolol, at 100 µmol/l, to abolish 50% spontaneous
contractions were approximately 6 min. Furthermore, hono-
kiol and magnolol at 10 µmol/l also blocked the Ca2+-de-
pendent oscillatory contractions. Consistently, the increases
in intracellular Ca2+ concentrations ([Ca2+]i) induced by
PGF2α and high K+ were suppressed by both honokiol and
magnolol at 10 µmol/l. After washout of these treatments,
the rise in [Ca2+]i induced by PGF2α and high K+ was still
partially abolished. In conclusion, the inhibitory effects of
honokiol and magnolol on uterine contraction may be me-
diated by blockade of external Ca2+ influx, leading to a de-
crease in [Ca2+]i. Honokiol and magnolol may be consid-
ered as putative Ca2+ channel blockers and be of potential
value in the treatment of gynecological dysfunctions asso-
ciated with uterine muscular spasm and dysmenorrhea.
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Introduction

The crude drugs containing magnolia bark (Magnolia offic-
inalis or Magnolia obovata) are usually prescribed as ther-
apeutic herbal agents for acute pain, headache, diarrhea,
allergy, asthma and gynecological disorders in traditional
oriental medicine (Chen 1986; Haraguchi et al. 1997). Hono-
kiol and magnolol, the isomers of phenolic compounds,
are the major bioactive components purified from the
medicinal plant magnolia bark (Fujita et al. 1973). Several
previous studies have described the pharmacological ac-
tivities of honokiol and magnolol, including an anxiolytic
effect, antimicrobial activity, anti-platelet aggregation,
anti-inflammation, and potential antioxidation (Teng et al.
1988; Wang et al. 1992; Chan et al. 1996; Kuribara et al.
2000). Recent studies from our laboratory demonstrated
that honokiol and magnolol could attenuate smooth mus-
cle contractile responses in swine trachea (Ko et al. 2003).
Consistently, magnolol was reported to inhibit the vascular
contractility induced by norepinephrine and high K+ (Teng
et al. 1990). Numerous mechanisms, including stimulation
of relaxing factor release, blockade of receptor-operated
activation, and alteration in intracellular Ca2+ mobilization
might be involved in their inhibitory effects on smooth
muscle contractions.

Although the bark of Magnolia officinalis has been used
for more than 1,000 years as a folk medicine in Asia, its
action on uterine complications and underlying mechanisms
are still unclear. The purpose of the present study was to
investigate the pharmacological effects of honokiol and
magnolol on rat uterus oscillatory contractions. The under-
lying mechanisms of honokiol and magnolol on sponta-
neous and agonist-induced uterine contractions and intra-
cellular Ca2+ mobilization were also studied.
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Methods

Uterine preparations

Female virgin Sprague–Dawley rats, weighing 220–280 g, from
the animal facilities at Tzu Chi University were used throughout
this study. The experimental protocol was approved by the Com-
mittee of Tzu Chi University for the Use of Animal Subjects. Rats
were given standard laboratory chow and tap water and housed in
group cages under automatically controlled temperature and light
cycle conditions in the animal facilities at Tzu Chi University. The
rat at estrus stage, confirmed by microscope examination of a vagi-
nal smear, was killed by decapitation, and both uterine horns were
surgically removed, rinsed in normal saline, and placed in a Petri
dish containing N-(2-hydroxyethyl)piperazine-N-(2-ethanesulphonic
acid) (HEPES) buffer solution. After removal of adherent fat and
mesenteric attachments, each uterine horn was divided by a trans-
verse cut into equal-length segments (~15 mm), which were used
for the measurement of muscle tension under isometric conditions.

Intracellular calcium imaging studies were performed on the
longitudinal fiber layer of the myometrium. The uterine segment
was opened longitudinally along the muscle fiber bundles, on a dis-
section tray. After the connective tissue had been carefully removed,
the longitudinal myometrium strips were prepared and incubated
in HEPES buffer solution containing 0.2% protease (type XIV,
Sigma) under rotation (80 rpm) at 37°C for 20 min. The solution
was then replaced with HEPES buffer solution containing 0.2% col-
lagenase and 0.2% trypsin inhibitor under rotation (80 rpm) and in-
cubated for 60 min at 37°C. The supernatant was strained through
a 70-nm nylon mesh, and the cells were purified by centrifugation.
The isolated myometrial cells were seeded on round glass cover
slips (20 mm) and incubated in Dulbecco’s modified Eagle’s medium
(DMEM) and Ham’s nutrient mixture F12 (F12) medium (1:1,
vol/vol) containing 10% FBS, 100 U/ml penicillin, and 100 µg/ml
streptomycin at 37°C. After ~24-h incubation, the dissociated myo-
metrial cells were put onto glass cover slips, and the intracellular
calcium mobilization was measured.

Measurements of uterine oscillatory contraction

The muscle segments from uterine horns were obtained as described
above. Each segment was mounted vertically in a 10-ml water-
jacketed organ bath that had been filled with Krebs–bicarbonate
buffer and gassed with a mixture of 95% O2 and 5% CO2 at 37°C.
The bottom end of the segment was fixed to an L-shaped hook, and
the top end was tied to a stainless-steel wire attached to a force dis-
placement transducer (Grass FT.03) for monitoring changes in iso-
metric tension, which was measured with an isometric force trans-
ducer interfaced to the computer via an A/D converter. Each seg-
ment was subjected to a load of 1 g and was allowed to equilibrate
for 60 min before the agents were added to the organ baths. This
was determined to be optimal for force generation and spontaneous
oscillatory contractions. The mean isometric tension values were
obtained by the measurement of the mean amplitude of all the os-
cillatory contractions recorded over a 10-min period.

Calcium imaging

The fluorescent probe fura 2-AM (Fluka Chemical Corporation,
Milwaukee, Wis., USA) was used for the monitoring of intracellu-
lar calcium concentrations. Uterine myometrium seeded on round
glass cover slips (20 mm) were initially washed with buffer solution
and then incubated with 10 µmol/l fura 2-AM at 37° C for 60 min.
After the free fura 2-AM had been washed out, the cover slip was
mounted in a homemade perfusion chamber and then on the stage
of an inverted epifluorescence microscope (Olympus IX70, Japan)
equipped with a 40× fluorescence oil objective (Dapo 40, Olympus,
Japan). Cells were visualized with a Quantix EEV57 intensified
charged-coupled device (CCD) video-camera and image intensifier

system (Photometrics, Munich, Germany). Data were collected and
stored with the image-acquisition program Imaging Workbench 4
(Axon Instruments, USA). The data were also analyzed with Imaging
Workbench 4 software, which allowed the regions of interest (ROIs)
drawn around each cell to be moved between frames. The size and
shape of the ROIs were not changed at any point for any given cell.

Once mounted in the microscope, myometrium cells were in-
cubated with buffer solution for 20–30 min to allow for complete
hydrolysis of intracellular fura 2-AM to fura 2. During the subse-
quent calcium imaging experiments, those cells were continuously
superfused with buffer solution at room temperature (20–25°C).
The fura 2 cytosolic calcium measurements were performed with
the video-based digital calcium imaging system, set up for dual ex-
citation at 340 and 380 nm and emission at 510 nm. The results of
the cytosolic calcium analyses were presented as the relative fluo-
rescent intensities of the 340 and 380 nm images and as the 340:380
ratios (F340/F380).

Drugs and solutions

All dilutions of drugs were prepared on the day of the experiments.
Stock solution of magnolol and honokiol (Nacalai Tesque, Japan)
was dissolved in dimethylsulfoxide (DMSO), and the final con-
centration of DMSO in buffer solution was less than 0.1%, which
had no effect on spontaneous contractions and the oscillations evoked
by stimuli. DMSO was purchased from J.T. Baker (Phillipsburg,
N.J., USA), whereas other reagents were obtained from the Sigma
Chemical Company (St. Louis, Mo., USA).

The HEPES buffer solution consisted of the following (in milli-
moles per liter): NaCl 140; KCl 5; CaCl2 2; glucose 5.5; HEPES 10,
and the pH was adjusted to 7.4. The Krebs–bicarbonate buffer was
composed of (in millimoles per liter): NaCl 113; KCl 4.8; CaCl2
2.5; NaHCO3 18; KH2PO4 1.2; MgSO4 1.2; glucose 5.5; mannitol
30, and the pH was adjusted to 7.4.

Statistical analysis

The amplitude of spontaneous contractions and contractions elicited
by stimulants were analyzed. We averaged 10-min consecutive
contractions after initiating the recording as values for the baseline
and peak tension. Unless indicated otherwise, the data are given as
percentage contraction induced by applied agents compared with
mean amplitude of spontaneous contractions, taken as 100%. All
data are expressed as means ± SEM. Statistical significance of dif-
ference between groups was determined by one-way ANOVA fol-
lowed by a Student–Newman–Keuls post-hoc test. A P value less
than 0.05 was considered to be statistically significant.

Results

Effects of honokiol and magnolol 
on spontaneous uterine contractility

It was observed that honokiol and magnolol (1–100 µmol/l)
concentration dependently decreased the spontaneous uter-
ine contractions in amplitude (Fig. 1). Fig. 1C showed the
rate of inhibition from the decline in amplitude of sponta-
neous oscillatory contractions affected by honokiol and
magnolol. The inhibition rate of magnolol on spontaneous
uterine contractions was greater than that of the honokiol-
elicited response. The time periods required for honokiol,
at 10, 30, and 100 µmol/l, to cause a 50% decline in am-
plitude of oscillatory contractions were 21.4±3.9, 15.7±
1.7, and 6.1±1.1 min, respectively. The latency for 10, 30,
and 100 µmol/l magnolol to inhibit 50% spontaneous con-
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tractions was 20.2±3.1, 9.8±0.9, and 6.2±1.3 min, respec-
tively. Control uterine strips exposed to vehicle (DMSO)
did not exhibit significant changes in the force and fre-
quency of contractions over the observation time (~60 min).

Effects of honokiol and magnolol 
on uterotonic agent-induced contraction

As shown in Fig. 2, uterotonic agents such as carbachol
(10 µmol/l), PGF2α (0.1 µmol/l), and oxytocin (10 mU) all

potentiated the spontaneous oscillatory contractions by en-
hancing contractile amplitude. Exposure of muscle segment
to honokiol and magnolol (1–100 µmol/l) for 30 min, con-
centration dependently, decreased the spontaneous contrac-
tions and also reduced the subsequent stimulant-evoked
increase in oscillatory contractions (Fig. 2). Honokiol and
magnolol at 10–100 µmol/l significantly decreased the uter-
ine contractility in response to carbachol and PGF2α. The
concentrations of honokiol and magnolol required to de-
crease the oxytocin-induced contractile responses were
not less than 30 µmol/l. Thus, both compounds seemed to

Fig. 1A–C The concentration-dependent effects of honokiol and
magnolol on spontaneous oscillatory contractions in uterine seg-
ments. Tracings of typical individual experiments showed the effects
of A honokiol (1–100 µmol/l) and B magnolol (1–100 µmol/l) on
amplitude of spontaneous motility of rat uterine myometrium. The
spontaneous oscillations were observed as each uterine segment
was challenged with force by 1 g. Arrow indicates the addition of
honokiol and magnolol. C The rate of inhibition from the decline
in amplitude of spontaneous contraction induced by 1–100 µmol/l
honokiol and magnolol. Values are expressed as means ± SEM
(n=4–10). n the number of animals from which tissues were taken
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Fig. 2A–C Concentration-
dependent effects of honokiol
and magnolol on uterine con-
tractions stimulated by utero-
tonic agents. A Representative
recordings showed the uterine
spontaneous contraction and
responses to various agents.
The muscle segments were
pretreated with different con-
centrations of honokiol and
magnolol for ~30 min before
carbachol (1 µmol/l), PGF2α
(0.1 µmol/l), and oxytocin 
(10 mU) stimulation. Summary
of the inhibitory effects of
B honokiol (1–100 µmol/l) and
C magnolol (1–100 µmol/l) on
the amplitude of uterine con-
tractions induced by carbachol,
PGF2α, and oxytocin, expressed
as mean percentages of the re-
spective responses to sponta-
neous contractions. Values are
presented as means ± SEM
(n=5). *Significant at P<0.05
vs the respective vehicle
groups



be more potent against carbachol and PGF2α than oxytocin.
Furthermore, the generation of uterine oscillatory contrac-
tions by these stimulants was also attenuated by subsequent
addition of honokiol and magnolol (≥10 µmol/l).

Effects of honokiol and magnolol 
on Ca2+-dependent contractions

As noted previously, Ca2+ channel activator Bay K 8644
has been reported to induce uterine contractions. Consistent
with this reported effect, Bay K 8644 enhanced the mean
amplitude of oscillatory contractions (Fig. 3). Depolariza-
tion produced by elevation of external [K+] markedly al-
tered the pattern of uterine contractile activity compared
with spontaneous oscillations, since high K+ evoked the
stable contractions. After 30 min incubation, the peak ten-
sion of muscle contraction was slightly increased by high
K+, but it was less than or similar to the amplitude of ini-
tial spontaneous oscillatory contractions. However, there
were no significant differences in the amplitude of muscle
contractions. Pretreatment of honokiol at 10–100 µmol/l
and magnolol at 30–100 µmol/l for 30 min significantly de-

creased the Bay K 8644-induced uterine oscillatory contrac-
tions. Consistently, honokiol and magnolol at 10–100 µmol/l
decreased the high K+ (60 mmol/l)-induced uterine contrac-
tile responses (Fig. 3). To investigate whether the inhibi-
tion of oscillatory contractions by honokiol and magnolol
is due to blockade of external Ca2+ entry, we performed the
experiments in free external Ca2+. In the absence of external
Ca2+, the spontaneous contractions were abolished. Then,
the increasing application of Ca2+ from 0.03 to 3 mmol/l
restored the spontaneous oscillatory contractions (Fig. 4A).
However, when this buffer solution contained, additionally,
10 µmol/l honokiol or magnolol, the Ca2+-evoked uterine
oscillatory contractions could not be observed (Fig. 4B, C).

Effects of honokiol and magnolol 
on intracellular Ca2+ concentration

In order to determine whether honokiol-induced and mag-
nolol-induced alterations in intracellular Ca2+ mobiliza-
tion were consistent with muscular contraction, we used
single longitudinal myometrial cells to measure intracellu-
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Fig. 3A, B Effects of honokiol and magnolol on KCl-induced and
Bay K 8644-induced muscle contractions in rat uterus. The muscle
segments were initially pretreated with A honokiol (1–100 µmol/l)
or B magnolol (1–100 µmol/l) for ~30 min and then KCl (60 mmol/l)
or Bay K 8644 (1 µmol/l) was applied to induced uterine contrac-
tions. The inhibitory effects of honokiol and magnolol on the am-
plitude of uterine contractions evoked by KCl and Bay K 8644 are
expressed as mean percentages of the respective responses to spon-
taneous contractions. Values are means ± SEM (n=4). *Significant
at P<0.05 vs the respective vehicle groups

Fig. 4A–C Inhibitory actions of honokiol and magnolol on Ca2+-
dependent contractile responses. Muscle segments were initially pre-
treated with Ca2+-free medium containing A vehicle, B honokiol
(10 µmol/l), or C magnolol (10 µmol/l), and then calcium (0.03–
3 mmol/l) was cumulatively applied to trigger muscle contraction.
These results are representative of records from five experiments
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lar Ca2+ concentrations ([Ca2+]i) by Ca2+ imaging. Appli-
cation of 0.1 µmol/l PGF2α or high K+ (60 mmol/l) to myo-
metrial cells caused an initial rapid rise in cytosolic cal-
cium level followed by a sustained increase in [Ca2+]i
(Fig. 5). The subsequent superfusion of 10 µmol/l hono-
kiol and magnolol produced inhibition of PGF2α-elicited
increases in [Ca2+]i by 108.9±15.2% and 94.3±13.0%, re-
spectively, whereas the high K+-stimulated responses were
reduced by 127.8±39.6% and 74.2±14.3%, respectively.
After washout of honokiol or magnolol treatment, the in-
creases in [Ca2+]i induced by a second exposure of PGF2α
and high K+ were still partially inhibited. Furthermore, the
response to stimulant did not recover after several washouts
of all previous treatments. However, honokiol and mag-
nolol alone induced an increase in [Ca2+]i but they did in-
hibit subsequent PGF2α-evoked and high K+-evoked rise
in intracellular Ca2+ (data not shown).

Discussion

In the Orient, the bark of Magnolia officinalis is prescribed
in many traditional herb medicines for gynecological dys-
function. In the present studies, honokiol and magnolol,
isolated from magnolia bark, were first observed markedly
to suppress spontaneous and uterotonic agents such as
carbachol, PGF2α and oxytocin that induced uterine oscil-
latory contractions in a concentration-dependent manner.
Of interest, both compounds also inhibited oscillatory con-
tractions stimulated by Ca2+ channel activator and depo-
larization in response to high K+. Consistent with their in-
hibitory effects on myometrial contractions, honokiol and
magnolol inhibited PGF2α-induced and high K+-induced
elevation in [Ca2+]i. These results indicate that the actions

of honokiol and magnolol would mimic that of Ca2+ chan-
nel blockers, which block Ca2+ influx through plasma
membrane voltage-operated Ca2+ channels, resulting in in-
hibition of uterine contractions. The Ca2+ channel blockers
with the tocolytic activity are now employed to inhibit mus-
cular contraction and increase uterine blood flow (Ulmsten
et al. 1980; Tsatsaris et al. 2001). Thus, our results have
provided evidence to support the notion that the bark of
Magnolia officinalis acts as the traditional remedy for gy-
necological complications. In this aspect honokiol and
magnolol may be of potential value in the treatment of gy-
necological disorders linked with uterine muscular spasm
and pain.

Beta-adrenoceptor agonists have been used for tocoly-
sis to reduce uterine muscle hypercontractivity and subse-
quently increase uterine blood flow (Akerlund 1979;
Caughey and Parer 2001). However, the inhibitory actions
of honokiol and magnolol on uterine contractions were in-
sensitive to the β-adrenoceptor antagonist propranolol (data
not shown). Similar responses were also observed in car-
bachol-evoked and high K+-evoked swine tracheal muscle
contractions (Ko et al. 2003) and K+-stimulated 5-HT re-
lease from rat cortex (Tsai et al. 1995). Furthermore, mag-
nolol did not change porcine heart protein kinase A activ-
ity (Wang et al. 1999). Thus, it appears that the inhibitory
effects of honokiol and magnolol were not mediated by
the sympathomimetic and PKA-dependent pathways.

The present results demonstrated that honokiol and
magnolol inhibited uterotonic hormone-induced uterine os-
cillatory contractions and were also effective against high
K+-elicited and Ca2+ channel activator Bay K8644-elicited
uterine contractions. It is known that both Ca2+ channel
activator and membrane depolarization caused by high K+

can increase Ca2+ influx through the voltage-gated Ca2+

Fig. 5A–D Inhibition of
PGF2α-induced and KCl-in-
duced increases in [Ca2+]i by
honokiol and magnolol in myo-
metrial cells. The relative
changes in concentration of cy-
tosolic Ca2+ were indicated as
ratiometric (F340/F380) fluo-
rescence of fura 2 loaded cells.
Myometrial cell was initially
superfused with HEPES buffer
solution containing 0.1 µmol/l
PGF2α (A, B) or 60 mmol/l KCl
(C, D); subsequently, addition
of 10 µmol/l honokiol (A, C)
or 10 µmol/l magnolol (B, D) to
superfusion medium resulted in
inhibition of the PGF2α-induced
and high K+-induced responses.
After washout of treatments, a
second exposure of cells to
PGF2α (0.1 µmol/l) or KCl 
(60 mmol/l) produced a rise in
[Ca2+]i with a smaller peak am-
plitude when compared with
previous stimulation. These
graphs are representative of
records from six separate ex-
periments



channel (Foster et al. 1983). Uterotonic hormones that in-
duce uterine contractions increase [Ca2+]i, via both the re-
lease of intracellular stored Ca2+ and the influx of extra-
cellular Ca2+ through Ca2+ channels (Ivorra et al. 1994;
Fuchs 1995; Ruttner et al. 2002). Thus, the general spas-
molytic activity of honokiol and magnolol on uterine con-
traction is thought to interfere with receptor-operated cation
channels and voltage-operated Ca2+ channels. Consistently,
the extract of magnolia bark was also reported to inhibit
the secretion of catecholamines from bovine adrenal chro-
maffin cells stimulated by acetylcholine, which activate
voltage-operated Ca2+ channels and receptor-operated cation
channels (Tachikawa et al. 2000).

In our current and previous studies, honokiol and mag-
nolol were found to block the Ca2+-dependent contractile
responses in uterine oscillatory contractions and high K+-
evoked tracheal muscle contractions (Ko et al. 2003). This
further indicated that their inhibition might be related to
blockade of Ca2+ influx through depolarization and/or
voltage-operated Ca2+ channels. Similar mechanisms may
contribute to their inhibition of high K+-induced and
PGF2α-induced increases in [Ca2+]i, since the increases in
[Ca2+]i evoked by high K+ and PGF2α were highly external
Ca2+-dependent processes (Kimura et al. 1978; Kawara-
bayashi et al. 1997). Recently, honokiol was reported to
decrease acetylcholine-evoked and high K+-evoked Ca2+

influx in bovine adrenal chromaffin cells (Tachikawa et
al. 2000), whereas magnolol inhibited the rise in [Ca2+]i
mediated by high K+ in rat aorta (Teng et al. 1990) and by
IgE in rat basophilic leukemia-2H3 cells (Hamasaki et al.
1999). Similar to the effects of Ca2+ channel antagonists,
honokiol and magnolol are likely to possess the ability to
block Ca2+ channels (Yamahara et al. 1986; Ruttner et al.
2002), leading to reduction in [Ca2+]i and muscle relaxation.
Alternatively, regulation of other ion channel activity, such
as K+ channels, can also affect intracellular free [Ca2+]
that then approaches to control myometrial contractile ac-
tivity (Word 1995). Anwer et al. (1993) have reported that
inhibition of BKCa channels could promote Ca2+ entry and
contraction in human myometrium. Recently, the stimulat-
ing action of magnolol on BKCa channels in a human tra-
cheal muscle cell line was demonstrated that might cause
inhibition of Ca2+ entry and muscular contraction (Wu et
al. 2002). In addition to blockade of plasma membrane
ion channels, the ability of honokiol and magnolol to
block some of the agonist membrane-bound receptors or
internal Ca2+ channels cannot be ruled out. Thus, their
proposed mechanisms in utero requires further study.

Taken together, the spasmolytic effects of honokiol and
magnolol on uterine muscle contractions and intracellular
Ca2+ mobilization may be due to the blockade of receptor-
operated cation channels and voltage-operated Ca2+ chan-
nels, in the rat. Thus, both chemical compounds seem to
be of potential value in the treatment of certain diseases, in-
cluding gynecological disturbances and dysfunctions as-
sociated with an increase in uterine muscular activity such
as dysmenorrhea and premature deliveries.
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