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Abstract

The aim of this study was to investigate the effects of wild ginger (Costus speciosus (Koen) Smith, Costaceae) rhizome extract on
uterine contractility. We particularly examined the effects on spontaneous phasic contractions and the mechanisms whereby it
exerts its effects. Wild ginger rhizomes were ethanolic extracted and their constituents analyzed. Isometric force was measured
in strips of longitudinal myometrium and the effects of the extract studied. The extract (10 mg/100 mL) increased spontaneous
contractions. The amplitude and frequency of the phasic contraction were significantly increased along with basal tension. Force
produced in the presence of the extract was abolished by inhibition of L-type calcium channels or myosin light chain kinase
(MLCK). The actions of the extract were not blocked by the estrogen receptor blocker, fulvestrant. Although significant
amounts of diosgenin were present in the extract, we found that, depending upon its concentration, diosgenin had either no
effect or was inhibitory on force. Interestingly, the extract induced significant amounts of force in the absence of extracellular
calcium, which could be blocked by inhibition of the sarcoplasmic reticulum calcium-ATPase (SERCA), but not fulvestrant. We
conclude that wild ginger rhizome extract stimulates phasic activity in rat uterus. Our data suggest that the uterotonic effect
is due to nonestrogenic effects and not those of diosgenin. Wild ginger was able to increase contraction via calcium entry on
L-type calcium channels and sarcoplasmic reticulum (SR) calcium release. We suggest that wild ginger rhizome extract may be
a useful uterine stimulant.

Keywords
Costus speciosus (Koen) Sm, Costaceae, wild ginger, sarcoplasmic reticulum calcium-ATPase, potassium channel, calcium, smooth
muscle, SR

Wild ginger (Costus speciosus (Koen) Sm) is a medicinal plant
wildly distributed in Asia. The plant is traditionally used in the
treatment of fevers, cough, worm infections, skin diseases and
snake bites.! Wild ginger plants also contain diosgenin, a ster-
oidal saponins, in its rthizome.! It is, therefore, widely used as
starting material for commercial production of steroidal hor-
mones including sex hormones.? Other compounds have also
been isolated from this plant, including B-sitosterol, which is
a uterine stimulant.®

It has been shown that saponins isolated from the plant rhi-
zome have estogenic activities as they increased the uterine
weight of spayed albino rats® as well as terminated pregnancy
in rats.’ It has also been reported that the fresh juice of wild
ginger rhizome increased the tone, amplitude and frequency
of spontaneous contractions of the uterus isolated from rats,
guinea-pig, rabbit, dog, and human.® Increases in contraction
were not blocked by atropine and pentolinium barbiturate,’

suggesting that the juice did not act through muscarinic and
GABA receptors. However, the underlying mechanisms of
action of wild ginger are unclear.

It has been reported that diosgenin glycosides can alter
myocardial activities in both isolated frog heart’ and cultured
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embryonic myocardial cells® via the modulation of extracellular
Ca flux across the plasma membrane. In vascular smooth muscle
cells, diosgenin is reported to be a potent vasodilator, as it induced
an acute, endothelium-independent coronary artery relaxation via
protein kinase G signaling cascade and activation of large conduc-
tance Ca-activated K (BK) channels.” Furthermore, it has been
reported to induce relaxation in isolated rat superior mesenteric
artery via the same pathway.'® The effect of diosgenin on the
uterusis not known, but as extracellular Ca influx is important and
BK channels are expressed, it may be anticipated to affect uterine
contractility.

To the best of our knowledge, the mechanisms underlying
the uterotonic effect of wild ginger rhizome have not been stud-
ied. As there is a clinical need to find better drugs to help con-
trol uterine activity,'"'? and novel compounds are sought, the
aim of the study was therefore to investigate the effects of wild
ginger rhizome extract on uterine contractions. We particularly
examined the effects on spontancous phasic contractions and
the mechanisms whereby wild ginger exerts its effects. Previ-
ous work has identified both the internal Ca store, the sarco-
plasmic reticulum (SR)"*'* and excitation-Ca entry'>'¢ as
being important for uterine force production, and thus both
these components were examined. The effects of the extract
were also compared to 2 of the major components in it, dio-
sgenin and P-sitosterol, both of which are phytoestrogens.*!”
Finally, we used fulvestrant, a blocker of estrogen receptors, to
examine whether the effects occurred through these receptors.

Materials and Methods
Plant Material

Fresh wild ginger rhizomes were collected from fields in the
area of Nakhon Ratchasima, Thailand, in August. The plant and
its rhizome was identified and confirmed by the Royal Forest
Department of Thailand and a voucher specimen (BKF161284)
deposited in the laboratory for future reference.

Extraction and Isolation

The wild ginger rhizomes were manually isolated. They were
cleaned, air-dried, powdered, and subjected to Soxhlet extrac-
tion with ethanol. The extract was filtered through a filter
paper, evaporated in a rotary evaporator, and dried by a lyophi-
lizer. The yield was 7.21%.

Crude extract was analyzed for the constituent by GC-MS
(A Agilent Technologies 6850 gas chromatograph, coupled
with an Agilent Technologies 5973 (El) mass spectrometer).
The separation was performed on an HP-5MS column, 30 m
~ % 0.25 mm ID x 0.25 pm film thickness. The temperature of
the column was programmed from 50 to 200°C at 10°C/min,
200 to 260°C at 12°C/min respectively. The injector tempera-
ture and the detector temperature were 270°C. Helium was
used as the carrier gas with a constant flow rate of 1.0 mL/min.
All separated compounds were identified from the recorded
mass spectra by comparison with the mass spectra from the
NIST and Wiley libraries. The rest of the extract obtained was

stored at 4°C until use in the physiological experiments.
A working solution was obtained by dissolving the extract in
physiological solution. We also purchased chemical-grade
diosgenin and f-sitosterol, which were 95% and 75% pure,
respectively.

Animals

Nonpregnant Wistar rats (200-250 g) were used in this study
and maintained in accordance with the guidelines of the Com-
mittee on Care and Usc of Laboratory Animal Resources,
National Research Council, Thailand. The experiments per-
formed on rats were conducted in accordance with the advice
of the Institutional Animal Care and Use Committee, Suranaree
University of Technology, Thailand.

The rats were humanely killed by cervical dislocation under
CO, anesthesia. The uterus was removed and immediately
immersed in buffered physiological solution (pH 7.40) contain-
ing (mmol/L) 154.0 NaCl; 5.4 KCI; 1.2 MgSOy; 8.0 glucose;
2.0 CaCly; and 10.0 N-[2-hydroxyethyl]piperazine-N-[2-
ethancsulfonic acid] (HEPES). The uterus was placed in a shal-
low dissecting dish containing physiological solution at 37°C,
and under a microscope, the longitudinal muscle layer was
separated from the endometrium and circular muscle layer.
Five or six strips (1-2 mm x 0.5 mm x 10 mm) were dissected
and either used immediately or stored for a maximum of 12
hours at 4°C.

Tension Measurement

The uterine strips were mounted vertically under a resting
tension of 1 g in a tissue bath (25 mL Panlab s. l. for AD
Instruments Pty Ltd, Spain) connected to a force transducer
(AD Instruments Pty Ltd, Spain) using silk threads. The elec-
trical signal from the transducer was amplified and converted
to a digital signal and recorded on a computer using Chart
software (AD Instruments Pty Ltd, Australia). The tissue-
bathing medium used was physiological saline solution main-
tained at pH of 7.4, temperature of 37°C, and gassed with
100% O,. The strips were allowed to contract spontaneously
and an equilibrium period of at least 30 minutes was given
before the application of any chemical. The measurements
were made whilst the tissue was continually perfused with
physiological solution (control), high K solution (40 mmol/L),
or solution containing wild ginger rhizome extract between
10 and 70 mg/100 mL. In some experiments, known components
of the extract, diosgenin or 3-sitosterol (dissolved in physiologi-
cal solution), were used. In some experiments, 0-Ca solutions
were used; physiological solution in which CaCl, had been
omitted and 1 mmol/L Ethylene glycol-bis(beta-aminoethyl
ether)-N,N,N’,N’-t etraacetic acid (EGTA) added. Wortmannin,
an inhibitor of myosin light chain kinase (MLCK);'® nifedipine
an inhibitor of L-type Ca entry;'® cyclopiazonic acid (CPA) an
inhibitor of the sarcoplasmic reticulum calcium-ATPase
(SERCA) pumpzo; and fulvestrant, an estrogen receptor antago-
nist,2""** were also used, as indicated in the text.
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Chemicals

All chemicals were purchased from Sigma, Singapore.

Statistical Analysis

The data were analyzed using Microcal Origin Software. The
following parameters of contraction were measured: force inte-
gral, frequency, amplitude, and duration. The phasic contrac-
tions in wild ginger were measured over 30 minutes from the
start of their application. Results were expressed as percentages
of control contractions (ie, the control is 100%). To test the
effects of applications of diosgenin, B-sitosterol, or fulvestrant
following wild ginger extract, contractions were compared for
the 30 minutes in wild ginger rhizome extract (i.e. 30-60 min-
utes after start of wild ginger extract exposure), to the 60 to 90
minutes in wild ginger extract with the addition of diosgenin,
B-sitosterol, or fulvestrant. Integrated force (area under the
contraction) was measured over a 30-minute period. In some
experiments, changes in force amplitude are expressed with
respect to basal (resting) force level (0%) and the peak force
(100%) in control condition. Throughout, data are presented
as mean + SEM and “n” represents the number of samples,
each one from a different animal. Significance was tested using
appropriate ¢ tests and P values <.05 taken to be significant.

Results
GC/MS Analysis

The GC/MS analysis showed 6 main compounds that had
retention times (minutes) of 48.81 (56.31%), 54.69 (28%), 22.94
(5.91%), 20.54 (5.87%), 22.83 (4.28%), and 50.52 (3.87%). These
corresponded to diosgenin, 9,19-cycloergost-24(28)-en-3-ol,
9,12,15-octadecatrien-1-ol, hexadecanoic acid, 9,12-octadeca -
dienoic acid, and B-sitosterol respectively. Traces of 14 other
known compounds, mainly essential oil (0.02%-3%), and
8 unknown compounds were detected (data not shown).

Spontaneous Uterine Activity—Dose Dependency of
Wild Ginger Rhizome Extract

Under control conditions, spontaneous contractions of consis-
tent amplitude and frequency could be recorded for several
hours allowing the effects of the different concentrations of the
extract to be examined (see figures throughout). The effects of
increasing cumulative concentrations of wild ginger rhizome
extract (10-70 mg/100 mL) were examined; each concentration
was applied for 30 minutes. Wild ginger rhizome extract
increased uterine contractility arising spontaneously (n = 5).
An example of this is shown in Figure 1A. At 10mg/100 mL, the
extract increased the amplitude and the frequency of the contrac-
tions, and increased basal tension. With higher doses (30, 50, 70
mg/mL), further increases in force were usually seen, but this
was not consistently observed. The stimulatory effects of the
extract could be seen within 5 minutes of application and
were maintained as long as it was present in the bath. These

70 mg/100 mL

50 mg/100 mL
30 mg/100 mL

Wild ginger 10 mg/100 mL

Figure 1. Dose dependency of wild ginger rhizome extract. The
effects of increasing cumulative concentrations of wild ginger rhizome
extract (10-70 mg/100 mL) on spontaneous contractions of nonpreg-
nant rat uterus are shown (typical of 4 other traces from different ani-
mals). In this and subsequent figures, the uterine strips were perfused
with oxygenated physiological saline, pH7.4, and temperature 37°C.
The wild ginger extract significantly (P < .05) increased contractions
amplitude, frequency, and area under the curve, measured over a
30-minute period (n = | | animals). In subsequent figures, the effects
of 10 mg/100 mL extract are examined. All n numbers are from differ-
ent rats.

effects were irreversible over the timescale of the experiments.
As the stimulatory concentration on myometrium contractility
occurred between 10 and 70 mg/100 mL, the concentration of
10 mg/100 mL was used throughout the remainder of the study.

Effects on Parameters of Contraction

Application of wild ginger rhizome extract (10 mg/100 mL) to
the rat myometrial preparations produced significant potentiat-
ing cffects on spontaneous force (n = 11). The frequency of the
contractions increased significantly to 126 + 12% (from 0.67
=+ 0.07 per minute to 0.82 + 0.07 per minute). The amplitude
of force was also significantly increased; 109.11% + 2%,
(from 1.19 + 0.17 g to 1.29 + 0.17 g) and these changes
resulted in a significant increase in the area under the contrac-
tions; 141.31 + 6% (compared with control, 100%). In addi-
tion, wild ginger rhizome extract consistently increased basal
force by 26.17 + 5% (P < .05).

Effects of Ca-Dependent Force Pathway Modulation

Uterine force can be produced by several pathways, but the main
mechanism involves Ca-calmodulin-MLCK.?* To investigate
whether the increases in uterine force seen with the extract were
dependent on the calcium-calmodulin MLCK pathway, we stud-
ied its effects in the presence of inhibitors of the L-type calcium
channels and MLCK inhibitors (Figure 2). As can be seen in
Figure 2A, the application of 10 pumol/L nifedipine in the
continued presence of the extract, rapidly inhibited and then
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abolished force transients (n = 5). However, basal force did not
return to control levels but remained somewhat elevated and
oscillatory, for example, compared with Figures 2D, E, and 6A.

The cffects of wild ginger rhizome extract in the presence
of a potent inhibitor of MLCK, wortmannin, are shown in Fig-
ure 2B. Wortmannin (4 pmol/L) in the continued presence of
the extract gradually reduced active and basal force in all pre-
parations studied (n = 5). In the presence of wortmannin, the
area under the curve was reduced to 25 + 2% (P < .05) com-
pared with 100% control. When the extract was added after,
but in the continued presence of wortmannin, a small but con-
sistent tonic force was produced (n = 5). An example of this is
shown in Figure 2C.

In the uterus, some uterotonic agents can elicit a contraction
in 0-Ca solution or when L-type Ca channels are blocked,?®!
and it has been suggested that this contraction occurs indepen-
dently of the calcium-calmodulin-MLCK pathway.?%?* To
investigate this, the extract was applied in 0-Ca solutions or
after application of nifedipine. As can be seen in Figure 2D,
spontancous force was abolished by applying of 0-Ca (EGTA)
solutions. The extract, however, could elicit transient force
with oscillatory in nature. The arca under the contraction (mea-
sured for initial 5 minutes) in the presence of wild ginger rhi-
zome was 17% + 5% significantly increased compared with
the (also measured over 5 minutes) in 0-Ca solution, which was
2.4% 4+ 0.2% (n = 5). We next investigated the effects of the
rhizome extract in the presence of nifedipine. As can be seen in
Figure 2E, force transients are observed during the application
of the extract. The area under the contraction in the presence of
wild ginger rhizome was 46% + 5%, compared with the 6.6%
+ 2.1% contraction in the presence of nifedipine alone (n = 6).
We also investigated the effect of the extract when intracellular
Ca is maintained at a high level, by exposing the uterus to high
K solution. When the extract was added in the continued pres-
ence of 40 mmol/L K solution (n = 3), as can be seen in Figure
2F, a tonic force was produced upon addition of the extract.

Effects of Diosgenin

As shown above, wild ginger rhizomes potentiate uterine con-
traction. As diosgenin, a steroidal saponin and phytoestrogen
is one of the major components found in the extract, it was of
interest to determine whether the effects of the extract were due
to this compound. The effects of increasing cumulative concen-
trations of diosgenin (0.02, 0.2, 2 mg/100 mL, 30 minutes for
each concentration) were examined. Diosgenin up to 2 mg/
100 mL produced no significant effects on the amplitude of
spontaneous uterine contractions (n = 5). At the highest dose
(2 mg/100 mL.), diosgenin, however, significantly decreased the
frequency of the contraction (66.5% + 7%, n = 6). An example
of this is shown in Figure 3A. At a very high dose, 40 mg/100
mL, diosgenin significantly decreased both the frequency and
the amplitude of spontaneous contraction to 64.75% + 8% and
81.25% + 4% (n = 4), respectively, compared to control, 100%
(Figure 3B). We next investigated whether wild ginger rhizome
could elicit force in the presence of diosgenin. To investigate

519

this, the extract was applied in the presence of the highest
diosgenin dose (40 mg/100 mL). As can be seen in Figure 3B,
application of wild ginger rhizome significantly increased the
amplitude and frequency of force (n = 4). The amplitude was
increased from 0.97 + 0.21 g in diosgenin alone to 1.13 +
0.22 g after the extract was added and the frequency was
increased from 4.24 + 1.11 per 10 minutes in diosgenin alone
to 6.5 + 1.26 per 10 minutes after the extract was added.

Effects of B-Sitosterol

B-sitosterol, another component of the extract, has previously
been found to stimulate the uterus.®> These effects are demon-
strated in Figure 4A; B-sitosterol (1 mg/100 mL) significantly
increased spontaneous force in all preparations studied (n = 5).
The frequency and the amplitudes of the contractions increased
significantly to 138.8% + 9% and 116.8% + 5%, respectively
(all compared with spontaneous control, 100% frequency means
values 0.55 + 0.06 per min compared 0.75 + 0.05 per min and
amplitude means values 1 + 0.13 g compared 1.15 + 0.13 g,
respectively). An application of the wild ginger rhizome in the
continued presence of f-sitosterol produced further increascs in
force, although its effect could be transient (Figure 4A). The area
under the contraction was 133.23% + 7%, compared with
B-sitosterol alone (n = 6). The frequency and the amplitudes of
the contractions increased significantly to 116.8% =+ 6% and
114.8% + 7%, respectively (all compared with [-sitosterol
alone, 100% frequency means values 0.75 + 0.05 per minute
compared 0.87 + 0.05 per minute and amplitude means values
1.15 4+ 0.13 g compared 1.30 + 0.08 g, respectively). However,
when -sitosterol was added after wild ginger thizome; no further
increases in force were observed (Figure 4B, n = 8).

Effects of Fulvestrant

As discussed earlier, the effects of wild ginger rhizome extract
on uterine activity could be occurring through estrogen
receptors (ERs). We therefore blocked these, with fulvestrant for
30 minutes (1 umol/L),*"** and studied the effects of the extract
(n = 5). Application of fulvestrant to spontancously active
uterus produced no significant changes in uterine contractions
(Figure SA) but reduced amplitude and frequency of contractions
in estradiol-stimulated preparations (SK unpublished observa-
tions). Application of wild ginger rhizome extract in the contin-
ued presence of fulvestrant produced significant increases in
contraction (Figure 5A). The increase in the area under the con-
traction was 188 + 16% (all compared with fulvestrant control,
100%). When fulvestrant was added after wild ginger rhizome
extract, no significant change in force occurred, Figure 5B, n=>5.

Effects of Ca-Independent Force Pathway Modulation

As shown above, it is clear that wild ginger rhizomes potenti-
ate uterine contraction in the presence and absence of extra-
cellular calcium. We next further investigated the underlying
mechanisms of the force elicited in the absence of external
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Figure 2. Effects of Ca-dependent force pathway modulation. A, The effects of nifedipine (10 pmol/L), a blocker of Ca entry channels, on force
induced by wild ginger rhizome extract (10 mg/ 100 mL; typical of 4 other preparations). B, The effects of wortmannin (4 umol/L) on force induced
by wild ginger rhizome extract. Wortmannin inhibits myosin light chain kinase (MLCK) and this trace is typical of 4 others. C, The effects of wild
ginger rhizome extract in the continued presence of wortmannin (4 umol/L). Note small but consistent stimulation of force produced by the
extract. D, The effects of wild ginger rhizome extract in the continued presence of 0-Ca (EGTA containing) solution. Note how following abolition
of contractions by 0-Ca, significant force can still be produced by the extract, n = 5. E, The effects of wild ginger rhizome extract in the continued
presence of nifedipine (10 pmol/L) typical of 5 other preparations. Note again stimulation of force by extract. F, The effects of wild ginger rhizome
extract in the continued presence of high K solution (40 mmol/L), right-hand side, compared to high-K alone, left-hand side (n = 3).
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A 2 mg/100 ml

0.2 mg/100 ml
Diosgenin 0.02 mg/100 ml

02g

10 min

B Wild ginger
Lt o atativ e
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Figure 3. The effects of diosgenin on uterine contractions. A, The effects of increasing cumulative concentrations of diosgenin (0.02-2.0 mg/100
mL, n = 5) on spontaneous contractions of rat uterus. No significant effects at these doses were seen as shown. B, The effects of a high dose of
diosgenin (40 mg/100 mL) and then in the presence of wild ginger extract, trace typical of 3 others.
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Figure 4. The effects of B-sitosterol and wild ginger rhizome extract. A, B-sitosterol (I mg/100 mL) produced significant stimulation of the rat
uterus (n = 5). Addition of wild ginger rhizome further stimulated the uterus, as shown. B, Applications of B-sitosterol after wild ginger rhizome

extract were without further effect on the uterus (n = 8).

calcium. As can be seen in Figure 6A, in the continued
presence of fulvestrant, force was abolished by nifedipine but
the extract applied 15 minutes later was able to elicit signif-
icant amount of force, often oscillatory in nature. The area
under the contraction induced by the extract in the continued
presence of nifedipine plus fulvestrant was 37% + 12%,
compared with fulvestrant control, 100% (n = 3). Under
these conditions, it is expected that the extract will be stimu-
lating SR Ca release.

To test this, the SR was inhibited using CPA, a blocker of
the SR Ca-ATPase.”” As can be seen in Figure 6B, in

agreement with previous findings,>® CPA greatly stimulates
spontaneous uterine activity. The area under the contraction
induced by CPA was 252% =+ 39%, compared with sponta-
neous control, 100% (P < .05; n = 5). After 20 minutes, nife-
dipine was applied and force was abolished. Fifteen minutes
later, the extract was applied, in the continued presence of CPA
and nifedipine. However, under these conditions, the extract
was not able to elicit any force, n = 5. The area under the con-
traction in the absence of the rhizome was 5.6% + 1.8%, com-
pared with those in the presence of the rhizome, 6.9 + 2% (P>
.05; n =5).
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Figure 5. The effects of fulvestrant. A, The estrogen receptor blocker fulvestrant (I pmol/L) applied to the rat uterine preparation produced no
significant changes in contractile activity (n = 5). The effects of wild ginger rhizome extract added after fulvestrant can be also seen; force was
stimulated. B, Following stimulation with wild ginger rhizome extract, fulvestrant had no effect (n = 5).
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Figure 6. Effects of Ca-independent force pathway modulation. A, The effects of wild ginger rhizome extract induced contraction in the pres-
ence of nifedipine (10 pmol/L) and fulvestrant (I pmol/L) typical of 2 other traces. Note the stimulation of force. B, The effects of rhizome
extract induced contraction in the presence of nifedipine (10 pmol/L) and cyclopiazonic acid (CPA; 20 umol/L), an inhibitor of the SR

Ca-ATPase, n = 5.

Discussion

This study is the first to show the underlying mechanisms of the
effects of wild ginger rhizome extract on uterine contraction
and demonstrates that it significantly potentiates uterine con-
tractions. Both the amplitude and frequency of the phasic con-
traction were significantly increased as well as the basal
tension. The effects of wild ginger rhizome extract on the
uterus were shown not to be due to diosgenin. The effects of the
extract were however reduced following B-sitosterol adminis-
tration, suggesting that its actions are in part mediated by this

component. The potentiation of spontaneous force induced by
the extract was dependent upon the Ca-calmodulin-MLCK
pathway, but the extract was also able to stimulate force via
SR Ca release. When the effect of wild ginger rhizome extract
was studied after fulvestrant treatment, it was still effective.
Thus, our conclusion is that wild ginger rhizome extract is uter-
ine stimulant acting via a nonestrogen mechanism on both Ca
entry and SR Ca release.

In agreement with an carly study,' we showed that
constituents isolated in wild ginger rhizome extract are dios-
genin and B-sitosterol. Diosgenin is found in a variety of other
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plants, particularly yams and fenugreek as well as wild ginger.”®
It has a variety of medicinal uses, for example in treatment of
diabetes®® and hypercholesterolemia.?” It is structurally similar
to endogenous E, hence it is also a phystoestrogen (steroidal
saponin). It has not previously been studied in the uterus, but
in vascular smooth muscle it has recently been found to reduce
tone, partly through activating BK channels and reducing Ca
entry.”'? At high concentrations, we also found diosgenin to
relax the rat uterus, suggesting a common action on contractility
in the smooth muscle. The relaxant effect of diosgenin was over-
come by the wild ginger extract (Figure 3B), suggesting a more
potent effect of other components, such as B-sitosterol. The sti-
mulatory effect we show of B-sitosterol is consistent with our
carlier data with respect to pomegranate seeds.® B-sitosterol is
a common plant estrogen and appears to be the major uterotonic
in pomegranate seeds.” In other cell types, an inhibitory action of
B-sitosterol on the SERCA has been reported.”® We have previ-
ously shown that such an inhibition will increase uterine intra-
cellular [Ca] and contractions, consistent with this, sec also
Figure 6B.%° Thus, B-sitosterol while probably not the only
agent in the extract responsible for the potentiation of uterine
force is a key mediator of its actions. It remains to be established
which additional component of the extract contributes to poten-
tiating spontancous contraction. Significant amounts of the ero-
gostane steroid, 9,19-cycloergost-24(28)-en-ol, were also found
in the rhizome extract, and this may be contributing, although we
can find nothing in the literature concerning such activity.??

We found that the pathway to increase uterine contraction
by wild ginger rhizome extract occurred via a calcium-
dependent pathway. Support for this conclusion comes from
the experiments with MLCK inhibition; force transients were
no longer produced by the extract. In addition, although force
transients are abolished in nifedipine or wortmannin, some
force can still be produced via SR Ca release (Figure 2A and
B, discussed below). When high K was used to depolarize the
uterus and maintain intracellular Ca at high levels, the extract
was still able to alter force, with activity shifting from phasic
to tonic. This could be due to Ca-independent effects on the
uterus, although there is little evidence for Ca sensitization in
this tissue®® or due to SR Ca relcase. We and others have
shown that agonists can affect Ca signaling pathways even in
depolarized preparations.®' Thus, together our data support a
mechanism of action involving the Ca-calmodulin-MLCK
pathway-elevating tone. The increase in contraction frequency
could also suggest a stimulation of the intrinsic pace-making
mechanism in the uterus, but it is currently unclear how such
mechanisms work.*?

In addition, we suggest there is involvement of the internal
Ca store, that is, the SR.2% The evidence for this comes from the
effects of the wild ginger extract after nifedipine, which had
clearly blocked r-type Ca channels (Figure 2E) and after
removal of external Ca (in presence of EGTA, Figure 2D).
Clear increases of force were seen when the extract was added.
This is one of our most interesting findings as few agents
including oxytocin have previously been found to be so active.
That this oscillatory release is coming from the SR was shown

by using CPA——inhibition of SR function abolished the
releases of Ca (Figure 6B). Many factors including Ca itself
and pH can influence SR Ca release.>** Future studies inves-
tigating the mechanisms underlying the effects of wild ginger
extract on SR Ca releases would be of interest.

The experiments with fulvestrant, a blocker of ERs, clearly
demonstrated that despite being a source of phytoestrogens, the
action of the wild ginger rhizome extract is via a nongenomic
ER pathway. This is also consistent with our data showing that
diosgenin, another phytoestrogen, does not stimulate contrac-
tions, but the extract does. Previous work with B-sitosterol has
shown it to stimulate, through a nonestrogen receptor mechan-
ism,> and our results are also consistent with this.

Conclusion

In conclusion, we have presented novel data demonstrating a
significant stimulation of uterine activity by wild ginger rhi-
zome extract, which can largely but not entirely be accounted for
by its constituent, f-sitosterol, acting via non-estrogen receptor
mediated mechanism. The stimulation of uterine activity of wild
ginger rhizome may be a useful source of uterine stimulant for
slowly progressing labours,* although further studies in human
myometrium are required to develop these suggestions. In partic-
ular, the ability of wild ginger to clicit repetitive SR Careleases is
of interest and worthy of further study.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interests with respect
to the authorship and/or publication of this article.

Funding

The study was supported by grants from Suranaree University of
Technology (SUT1-104-53-24-11) and Medicash for SW.,

References

1. Chandel KPS, Shukla G, Sharma N. Biodiversity in Medicinal and
Aromatic Plants in India. New Delhi, India: ICAR; 1996.

2. Marker RE, Tsukamoto T, Turner DL, Sterols C. Diosgenin. J Am
Chem Soc. 1940;62():2525-2532.

3. Promprom W, Kupittayanant P, Indrapichate K, Wray S,
Kupittayanant S. The effects of pomegranate seed extract and
beta-sitosterol on rat uterine contractions. Reprod Sci. 2010;17(3):
288-296.

4. Tewari PV, Chaturvedi C, Pandey VB. Antifertility of Costus spe-
ciosus. Indain J Pharm. 1973;35(4):114-115.

5. Singh S, Sanyal AK, Bhattacharya SK, Pandey VB. Oestrogenic
activity of saponins from Costus speciosus (Koen) Sm. Indian
J Med Res. 1972;60(2):287-290.

6. Tewari P, Prasad DN, Chaturvedi C, Das PK. Preliminary studies
on the uterine activity of Gloriosa superba Linn. and its adulterant
Costus speciosus Sm. J Res Indain Med. 1967;1:196-202.

7. Gomita Y, Moriyama M, Ichimura Y, Uchikado A, Nohara T,
Kawasaki T. Cardiovascular effects of pennogenin tetraglycoside
(Tg) extracted from Paris quadrifolia Linn. Yakugaku Zasshi.
1982;102(5):495-498.



524

Reproductive Sciences 18(6)

8.

13.

14.

15.

16.

19.

20.

21.

Namda T, Huang XL, Shu YZ, et al. Chronotropic effect of the
ethanolic extracts of the plants of the Paris species and steroidal
glycosides isolated from P. vietnamensis on spontaneously beat-
ing of myocardial cells. Planta Med. 1989;55(6):501-505.

. Au AL, Kwok CC, Lee AT, et al. Activation of iberiotoxin-

sensitive, Ca2-+-activated K+ channels of porcine isolated left
anterior descending coronary artery by diosgenin. Eur J Pharma-
col. 2004;502(1-2):123-133.

. Dias K1, Correia Nde A, Pereira KK, et al. Mechanisms involved

in the vasodilator effect induced by diosgenin in rat superior
mesenteric artery. Eur J Pharmacol. 2007;574(2-3):172-178.

. Wray S, Kupittayanant S, Shmigol A, Smith RD, Burdyga TV.

The physiological basis of uterine contractility: a short review.
Exp Physiol. 2001;86(2):239-246.

. Zhang J, Bricker L, Wray S, Quenby S. Poor uterine contractility

in obese women. BJOG. 2007;114(3):343-348.

Shmigol AV, Eisner DA, Wray S. The role of the sarcoplasmic
reticulum as a Ca2+ sink in rat uterine smooth muscle cells.
J Physiol. 1999;520 Pt 1:153-163.

Luckas MJ, Taggart MJ, Wray S. Intracellular calcium stores and
agonist-induced contractions in isolated human myometrium, Am
J Obstet Gynecol. 1999;181(2):468-476.

Heaton RC, Wray S, Eisner DA, Effects of metabolic inhibition
and changes of intracellular pH on potassium permeability and
contraction of rat uterus. J Physiol. 1993;465:43-56.

Jones K, Shmygol A, Kupittayanant S, Wray S. Electrophysiolo-
gical characterization and functional importance of calcium-
activated chloride channel in rat uterine myocytes. Pflugers Arch.
2004;448(1):36-43.

. Zava DT, Dollbaum CM, Blen M. Estrogen and progestin bioac-

tivity of foods, herbs, and spices. Proc Soc Exp Biol Med.
1998;217(3):369-378.

. Longbottom ER, Luckas MJM, Kupittayanant S, Badrick E,

Shmigol A, Wray S. The effects of inhibiting myosin light chain
kinase on contraction and calcium signalling in human and rat
myometrium. Pflugers Arch. 2000;440(2):315-321.

Shmigol A, Eisner DA, Wray S. Properties of voltage-activated
[Ca2+]i transients in single smooth muscle cells isolated from
pregnant rat uterus. J Physiol Lond. 1998;511(pt 3):803-811.
Kupittayanant S, Luckas MJ, Wray S. Effect of inhibiting the
sarcoplasmic reticulum on spontaneous and oxytocin-induced
contractions of human myometrium. BJOG. 2002;109(3):289-296.
Buzdar AU. Fulvestrant—a novel estrogen receptor antagonist for
the treatment of advanced breast cancer. Drugs Today (Barc).
2008;44(9):679-692.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Kakui K, Itoh H, Sagawa N, et al. Augmented endothelial nitric
oxide synthase (eNOS) protein expression in human pregnant
myometrium: possible involvement of eNOS promoter activation
by estrogen via both estrogen receptor (ER) alpha and ERbeta.
Mol Hum Reprod. 2004;10(2):115-122.

Wray S. Insights into the uterus. Exp Physiol. 2007,92(4):621-631.
Oishi K, Takano-Ohmuro H, Minakawa-Matsuo N, et al. Oxyto-
cin contracts rat uterine smooth muscle in Ca2+-free medium
without any phosphorylation of myosin light chain. Biochem Bio-
phys Res Commun. 1991;176(1):122-128.

Puri HS, Jefferies TM, Hardman R. Diosgenin and yamogenin levels
in some Indian plant samples. Planta Med. 1976;30(2):118-121.
Gupta A, Gupta R, Lal B. Effect of Trigonella foenum-graecum
(fenugreek) seeds on glycaemic control and insulin resistance in
type 2 diabetes mellitus: a double blind placebo controlled study.
J Assoc Physicians India. 2001;49:1057-1061.

Sauvaire Y, Ribes G, Baccou JC, Loubatieéres-Mariani MM.
Implication of steroid saponins and sapogenins in the hypocholes-
terolemic effect of fenugreek. Lipids. 1991;26(3):191-197.

Bao L, Li Y, Deng SX, Landry D, Tabas L. Sitosterol-containing
lipoproteins trigger free sterol-induced caspase-independent death
in ACAT-competent macrophages. J Biol Chem. 2006;281(44):
33635-33649.

Kirson I, Glotter E. Recent developments in naturally-occurring
ergostane-type steroids. J Nat Prod. 1981;44:633-647.
Kupittayanant S, Burdyga T, Wray S. The effects of inhibiting
Rho-associated kinase with Y-27632 on force and intracellular
calcium in human myometrium. Pflugers Arch. 2001;443(1):
112-114.

Shabir S, Borisova L, Wray S, Burdyga T. Rho-kinase inhibition
and electromechanical coupling in rat and guinea-pig ureter
smooth muscle: Ca2+-dependent and -independent mechanisms.
J Physiol. 2004;560(pt 3):839-855.

Duquette RA, Shmygol A, Vaillant C, et al. Vimentin-positive,
c-kit-negative interstitial cells in human and rat uterus: a role in
pacemaking? Biol Reprod. 2005;72(2):276-283.

Wray S, Burdyga T. Sarcoplasmic reticulum function in smooth
muscle. Physiol Rev. 2010;90(1):113-178.

Crichton CA, Taggart MJ, Wray S, Smith GL. Effects of pH and
inorganic phosphate on force production in alpha-toxin-
permeabilized isolated rat uterine smooth muscle. J Physiol.
1993;465:629-645.

Quenby S, Pierce SJ, Brigham S, Wray S. Dysfunctional labor
and myometrial lactic acidosis. Obstet Gynecol. 2004;103:
718-723.




o -~

I s B i




