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Estrogenic effects of pomegranate extracts in
ovariectomized rats

Promprom W, Lijuan W', Munglue P, Kupittayanant P2,
Indrapichate K', Kupittayanant S’

"Institute of Science, Suranaree University of Technology,
Nakhon Ratchasima, 30000 Thailand; “Institute of
Agricultural Technology, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand

Pomegranates (Punica granatum L) have been wildly used for health
benefits. They have been found effective in reducing heart disease risk
factors [1] and may be effective against prostate cancer [2] and osteoar-
thritis [3]. Recently, their uterotonic effects have been demonstrated [4].
However, their estrogenic effects are not well understood. The aims of
the study were to investigate the estrogenic effects of pomegranate seed
and peel extracts on ovariectomized rats. We particularly examined the
effects of the extracts on vaginal comnification. Pomegranate seeds and
peel were collected from local gardens and extracted using methanol.
Rats were ovariectomized and treated with distilled water (DW), estra-

diol valerate (1 mg/kg BW), pomegranate seed extract (400, 500 mg/kg -

BW), and pomegranate peel extract (400, 500 mg/kg BW) for 14 days.
The vaginal cytology was checked daily. The treatments of DW did not
influence the vaginal epithelium, but the injection of estradiol valerate
induced a vaginal cornification from day 5 to day 14 of treatment period.
Interestingly, vaginal comnification was inducible when the rats were fed
with either pomegranate seed or peel extract. The occurrence of vaginal
cornification during treatment was dependent on types and dosages of
the extracts. Thus, the comnification was fist found on day 9 and day 7
with 400 and 500mg/kg BW pomegranate seed extract, respectively.
With 400 and 500 mg/kg BW pomegranate peel extract, the cornification
was fist found on day 10.The effects of both seed and peel extracts
lasted until day 14. These data suggest that pomegranates have estro-
“genic effects in ovariectomized rats and that they could be useful for
health benefits in menopause. References: 1. Aviram, M. & Domnfeld, L.
(2001) Atherosclerosis 158: 195 - 8. 2. Malik, A. et al. (2005) Proc Natl
Acad Sci USA 102: 14813 - 8. 3. Adhami, V.M., Mukhtar, H.B. (2006) Free
Radic Res 40:1095 - 104. 4. Promprom, W. et al. (2007) Planta Medica 9:
P1007.

Effects of noni fruit extract on intestinal
contractility in rats

Buddhakala N’, Khat-Bhet N?, Lijuan W', Kupittayanant §',
Kupittayanant P?

"Institute of Science, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand; ?Institute of
Agricultural Technology, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand

Noni (Morinda citrifolia, Rubiaceae) fruits have been wildly used for
health benefits. They have been found effective in reducing blood cho-
lesterol levels [1] and may be effective against breast cancer [2] and
have antioxidant properties [3). However, the effects of noni fruit extract
on intestinal contractility have never been investigated. The aims of the
study were to investigate the effects of noni fruit extract on intestinal
contractility in male rats. We particularly examined the effects of the
extract on contractions arising spontaneously and by acetylcholine sti-
mulation arid investigated the underlying mechanisms. Noni fruits were
collected from Jocal gardens and extracted using methanol. The extract
was then analyzed by GC/MS. Rats were killed by asphyxiation with CO,
and longitudinal duodenal smooth muscles isolated. Isometric force was
measured and the effects of the extract studied. Several agents, pre-
viously reported to decrease contraction in other smooth muscles, were
found in noni fruit extract. When the extract was applied to sponta-
neously duodenal contractions, it significantly decreased the contrac-
tions. Its effect was dose dependent. The half maximal effect of the
extract was observed at the dose of 50mg/100ml (20-100mg/
100ml). An elevation of extracellular Ca?* concentration could not re-
verse the inhibitory effects of the extract. The extract (100 mg/100 ml)
also inhibited the phasic, but not tonic components of acetylcholine-
induced contractions. In conclusion, noni fruit extract has inhibitory
effects on intestinal contractility. These may involve contractile machin-
ery that regulates phasic components of contraction. References: 1. Hen-
ley, E. et al. (2006) 46™ AHA Annual Conference. 2. Hornick, C.A. et al.
(2003) Angiogenesis 6:143 - 9. 3. Wang, M.Y. & Su, C. (2001) Annals of
the New York Academy of Sciences 952:161 - 8.

Dietary supplementation with bilberry extract
PH27 prevents macular degeneration and cataracts in

sepescent accelerated OXYS rats

Kolosova NG, Fursova AZ, Stefanova NA

Institute of Cytology and Genetics, Novosibirsk, Russia

Cataracts and macular degeneration remain the major cause of blind-
ness and acuity of vision deterioration in the elderly. Both pathology
have been attributed to damage by free radicals, there has been a great
deal of interest in antioxidants. Bilberry's (Vaccinium myrtillus L) flavo-
noids are known as potent antioxidants, scavenging free radicals and
used for multiple age-releted ocular disorders. There are no experimen-
tal studies, devoted to estimation of bilberry effect. To explore this one
the senescence-accelerated OXYS rats were used. Developed at the In-
stitute of Cytology and Genetics of Russian Academy of Sciences the
OXYS rat strain is an animal model of accelerated senescence and age-
related disease including early cataract and chorioretinal degeneration
with clinical presentations correspond to age-related macular degenera-
tion (AMD). From 1,5 to 3 month OXYS rats were given control diets or
those supplemented with 25% bilberry extract (BE, 20 mg on kg of body
weight including 4,5 mg of antocianidin) or vitamin E (20 mg/kg) as drag
for comparison. The ophthalmoscopy testing at 3 month have showed
that more than 80% of control OXYS rats had cataract and macular
degeneration while the supplementation of BE completely prevented
impairments in the lenses and retina. The VE had no significant effects
but both antioxidants decreased lipid peroxides in the retina, lens and
serum of OXYS rats. The results suggest that long-term supplementation
with BE is effective in prevention age-related macular degeneration and
senile cataract and the OXYS rat strain is the useful model of these
disorders and for screening new drugs for treatment of them.

Antiradical efficiency and aldose reductase
inhibitory capacity of Cornelian cherry (Cornus
mas L.) fruits’ extracts

Tsatalas P’, Alexiou P?, Demopoulos V2, Kokkalou E'
TLaboratory of Pharmacognosy, Department of
Pharmacognocy-Pharmacology, School of Pharmacy,
Aristotle University of Thessaloniki, Thessaloniki, 54124,
Greece; *Laboratory of Pharmaceutical Chemistry,
Department of Pharmaceutical Chemistry, School of
Pharmacy, Aristotle University of Thessaloniki, Thessaloniki,
54124, Greece

Cornelian cherry (Cornus mas, Cornaceae), is a shelf shown tree in north-
em Greece with edible fruits, used for the preparation of marmajades,
beverages, liqueurs and distillates. Fruits were found rich in anthocya-
nins and ursolic acid, substances preventive against diabetes and heart
disease [1 - 4]. Aqueous extracts showed significant antioxidant activity
in vitro, in various antioxidant systems [5, 6]. The aim of the study was
the estimation of the antiradical efficiency (DPPH- assay and Co(II)/EDTA
-induced luminol chemiluminescence test) [7] as well as the inkibitory
capacity of aldose reductase enzyme (AR, ALR2, E.C. 1.1.1.21) | 8] of sev-
eral extracts and fractions of increasing polarity. For these tests, well
matured fruits were exhaustively extracted with methanol and the dry
remaining was partitioned with solvents of increasing polarity (diethy!
ether, ethyl acetate, n-butanol, water). According to the DPPH test the
initial methanolic extract, the diethyl ether and the ethyl acetate frac-
tions had significant antioxidant capacity in comparison to the stan-
dards used (quercetin and trolox), while only the diethyl ether fraction
was effective according to the CL test. The diethyl-ether and ethyl acetate
fractions were efficient ALR2 inhibitors in comparison to sorbinil at a
concentration of 25pg/ml, indicating a strong potential of Cornus mas
fruits against the long term diabetic complications [9]. References:
1. Jayaprakasam, B. et al. (2006)J.Agric.Food Chem. 54: 243 - 248. 2. Var-
eed, S. et al. (2006) Life Sci. 78: 777 — 784. 3. Char-Thanh, D. et al. (1973)
Phytochem. 12: 2487 -2489. 4. Seeram, N. et al. (2002)]. Agric.Food
Chem. 50: 2519 -2523. 5. Gulcin, 1. et al (2005) Act. Alimentaria 34:
193 -202, 6. Pantelidis G.E. et al. (2007) Food Chem. 102: 777 -783.
7. Termentzi, A. et al. (2006) Food Chem. 98: 599 - 608. 8. Nicolaou, 1.
et al. (2004)]. Med. Chem. 47: 2706 — 2709. 9. Matthew, J. et al. (2002)]
Amer Med Assoc 288: 2579 - 2582
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The Effects of Pomegranate Seed Extract and [3-Sitosterol on

Rat Uterine Contractions

Wilawan Promprom, MSc, Pakanit Kupittayanant, PhD,
Korakod Indrapichate, PhD, Susan Wray, PhD, and
Sajeera Kupittayanant, PhD
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The aim of this study was to investigate the effects of pomegranate (Punica granatum L., Punicaceae)
seed extract on uterine contractility. Pomegranate seeds were methanolic extracted and their constituents
analyzed using gas chromatography and mass spectrometry. Isometric force was measured in strips of long-
itudinal rat myometrivm and the effects of pomegranate seed extract studied. We found B-sitosterol to be
the main constituent of the extract (16%) and its effects were also investigated. Pomegranate seed extract
and PB-sitosterol increased spontaneous contractions in a concentration-dependent manner with a inax-
imum effect at 250 mg/100 mL and 1 mg/ 100 mL, respectively. The amplitude and frequency of the
phasic contraction were significantly increased along with basal tension. The cffects of pomegranate seed
extract were very similar to those of P-sitosterol. Force produced in the presence of pomegranate seed
extract was abolished by the inhibition of L-type calciun channels or myosin light chain kinase (MLCK).
Contractions were not potentiated by pomegranate extract following the inhibition of K channels or inhi-
bition of the sarcoplasmic reticulum calcium ATPase (SERCA). The actions of B-sitosterol and the
extract were not blocked by the estrogen receptor blocker, fulvestrant. We conclude that pomegranate seed
extract is a potent stimulator of phasic activity in rat uterus. Our data suggest that the uterotonic effect is
due to nonestrogenic effects of B-sitosterol acting to inhibit K channels and SERCA and thereby increas-
ing contraction via calcium entry on L-type calcium channels and MLCK. We suggest that pomegranate

extract and B-sitosterol may be a useful nterine stimulant.

Key WORDS:  Punica granatum L, Punicaceae, pomegranate, smooth muscle, potassium

channel, calcium, sarcoplasmic reticulum calcium ATPase, SR.

he pomegranate (Punica granatum L., Punicaceac)
is an ancient, mystical, and highly distinctive fruit
that has been used in folk medicine in many cul-
tures." Pomegranates are a rich source of crude fibers,
pectin, sugars, and several tannins.” They also contain

From the Institute of Science (WP, KI, SK) and Institute of Agricultural
Technology (PK), Suranarce University of Technology, Nakhon Ratchasima,
Thailand; and The Physiological Laboratories, School of Biomedical Sciences,
University of Liverpool, Liverpool, United Kingdom (SW).

Address correspondence to: Sajeera Kupittayanant, PhID, Institute of Science,
Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand;
e-mail: sajecra@sut.ac.th.

Reproductive Sciences Vol. 17 No. 3 March 2010 288-296
DOL. 10.1177/1933719109352687
© 2010 The Author(s)

288

species of flavonoids and anthocyanidins in their seed oil
and juice.” The seeds have been shown to contain a vari-
ety of estrogenic compounds,*” as well as other steroids
such as testosterone, P-sitosterol, and coumesterol.>®

It has been shown that the extracts of all parts of the
fruit appear to have therapeutic properties.7 Most
research has focused on its antioxidant, anticarcinogenic,
and anti-inflammatory properties.” In addition, pomegra-
nate seed extract has a uterotropic effect as it increased
uterine weight and induced vaginal cornification in ovar-
iectomized animals.®

To the best of our knowledge, the uterotonic effect
of pomegranate seed has not been studied. As there is a
clinical need to find better drugs to help control uterine
activity,” and novel compounds are sought, the aim of the

Downloaded from rsx.sagepub.com at Mahidol University on Seplember 14, 2011
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study was therefore to investigate the effects of pomegra-
nate seed extract on uterine contractions. We particularly
examined the effects on spontaneous phasic contractions
and the mechanisms whereby pomegranate exerts its
effects. The effects of the extract were then compared
to P-sitosterol, one of the common plant estrogens iso-
lated from pomegranate seeds.”® Recently, it has been
reported that plant sterols such as B-sitosterol may act t6
inhibit the sarcoplasmic reticulum calcium ATPase or
SERCA'™ and that sterols can affect calcium-activated
K channels’ ‘l; we therefore investigated these possibilities.
We find that pomegranate extract significantly stimulates
uterine activity. Some of these data have been reported in

12
abstract form.

MATERIALS AND METHODS

Plant Material

Fresh pomegranate fruits were collected from fields in the
area of Nakhon Ratchasima, Thailand, during April to
May. The plant and its fruit was identified and confirmed
by the Royal Forest Department of Thailand and a vou-
cher specimen (Herbarium No 080252) deposited in the
laboratory for future reference.

Extraction and Isolation

The pomegranate seeds were manually isolated. They
were cleaned, air-dried, powdered, and subjected to
Soxhlet extraction with methanol. The extract was fil-
tered through a filter paper, evaporated in a rotary eva-
porator, and dried by a lyophilizer. The yield was
25.06%.

Gas chromatography/mass spectrometry (GC/MS)
analyses were performed on a Hewlett-Packard
5973(I1E) MS selective detector coupled with a Hewlett
Packard 6890 gas chromatograph equipped with a
cross-linked 5% PHME siloxane HP-5MS capillary col-
umn (30 m x 0.25 mm; film thickness, 0.25 pm). The
gas chromatographic conditions were as follows: carrier
gas, helium with a flow rate of 1.0 mL/min; column tem-
perature, 50°C at 6°C/nun; injector temperature, 250°C;
volume injected, 0.1 pL of the oil; split ratio, 250:1.
Compound identification was based on comparisons with
mass spectra and retention indices of authentic reference
compounds where possible. The rest of the extract
obtained was stored at 4°C until use in the physiological
experiments. A working solution was obtained by
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dissolving the extract in physiological solution. We also
purchased PB-sitosterol, a major component of pomegra-
nate seeds.

Animals

Nonpregnant Wistar rats (200-250 g) were used in this
study and maintained in accordance with the guidelines
of the Committee on Care and Use of Laboratory Animal
Resources, National Research Council, Thailand. The
experiments performed on rats were conducted in accor-
dance with the advice of the Institutional Animal Care
and Use Committee, Suranaree University of Technol-
ogy, Thailand.

The rats were humanely killed by cervical dislocation
under carbon dioxide (CO,) anesthesia. The uterus was
removed and immediately immersed in buffered physio-
logical solution (pH 7.40) containing (mmol/L) 154.0
NaCl; 5.4 KCI; 1.2 MgSOy; 12.0 glucose; 2.0 CaCl,, and
10.0 N-[2-hydroxyethyl]piperazine- N-[2-ethanesulfonic
acid] (HEPES). The uterus was placed in a shallow dis-
secting 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 imunediately 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.1. for AD-
Instruments Pty Ltd., Spain) connected to a force transdu-
cer (AD Instruments Pty Ltd., Spain) using silk threads.
The electrical signal from the transducer was amplified
and converted to a digital signal and recorded on a com-
puter using Chart software (AD Instruments Pty Ltd.,
Australia). The tissue-bathing medium used was physio-
logical saline solution maintained at pH of 7.40, tempera-
ture of 37°C, and gassed with 100% O,. The strips were
allowed to contract spontaneously and an equilibrium
period of at least 30 min was given before the application
of any chemical. The measurements were made while the
tissue was continually perfused with physiological solu-~
tion (control} or solution containing pomegranate seed
extract between 200 and 260 mg/100 mL. In some experi~
ments, the known component of the extract, B-sitosterol
(0.5-1.5 mg/100 mL, dissolved in physiological solution)
was used. Wortmannin, an inhibitor of myosin light chain
kinase (MLCK)'?; nifedipine an inhibitor of L-type Ca
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entry”; tetraethylammonium (TEA), an inhibitor of
calcium-activated potassium channels; and cyclopiazonic
acid (CPA), an inhibitor of the SERCA pump'?; and ful-
vestrant, an estrogen receptor antagonist,'®'” were also
used, as indicated in the text.

Chemicals B}

All chemicals were purchased from Sigma unless stated
otherwise. The purity of B-sitosterol, which was used as
a positive control, was 75%.

STATISTICAL ANALYSIS

The data were analyzed using Microcal Origin Software.
The following parameters of contraction were measured:
force integral, frequency, amplitude, and duration. The
phasic contractions in pomegranate extract or B-sitosterol
were measured over 20 minutes from the start of their
application. Reesults were expressed as percentages of con-
trol contractions (ie, the control is 100%). To test the
effects of samulation with CPA, TEA, or fulvestrant fol-
lowing pomegranate extract, contractions were compared
for 10 minutes in CPA and pomegranate extract (ie, 11-20
minutes after start of pomegranate extract exposure), to the
11 to 20 minutes in pomegranate extract without the addi-
tion of CPA, TEA, or fulvestrant. Integrated force (area
under the curve) was measured over a 10- or 20-minute
period as appropriate. In some experiments, changes in
force amplitude are expressed with respect to basal (resting)
force level (0%) and the peak force (100%) in control con-
dition. 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
t tests and P values <.05 taken to be significant.

RESULTS

Gas Chromatography/Mass Spectrometry
Analysis

The GC/MS analysis showed 4 main compounds that had
retention times (minutes) of 40.55 (18.30%), 18.23
(15.72%), 30.16 (14.93%), and 17.01 (11.04%). These cor-
responded to tocopherol, 6-butyl-1,4-cycloheptadiene,
B-sitosterol, and octadecadienoic acid, respectively.
Traces of 22 other known compounds, mainly essential oil
(0.1%-5%), and 4 unknown compounds were detected
(data not shown).

Promprom

260 mg/100 mL POM
240
220

200

02¢g

20 min

Figure 1. The effects of pomegranate seed extract (POM) on

spontaneous contraction. The presence of increasing cumulative
concentrations of POM (200-260 mg/100 mL) is shown.

Spontaneous Uterine Activity—Dose
Dependency of Pomegranate Extract

Under control conditions, spontaneous contractions of
consistent amplitude and frequency could be recorded for
several hours, allowing the effects of the different concen-
trations of the extract to be examined (see Figure 1). The
effects of increasing cumulative concentrations of pome-
granate seed extract (200-260 mg/100 mL) were exam-
ined; each concentration was applied for 30 minutes.
Pomegranate seed extract, in a concentration-dependent
manner, increased uterine contractility arising sponta-
neously (n = 5). An example of this is shown in Figure 1.
At each concentration, the extract increased the ampli-
tude and the frequency of the contractions and increased
basal tension. The stimulatory effects of pomegranate seed
extract could be seen within 5 minutes of application and
were maintained as long as it was present in the bath.
These effects were irreversible over the timescale of the
experiments. The threshold concentration at which an
effect was consistently observed with 220 mg/100 mL
of pomegranate seed extract, and the maximal stimulatory
concentration on myometrium contractility occurred
between 240 and 260 mg/100 mL (n = 5). Thus, the
concentration of 250 mg/100 mL was used throughout
the remainder of the study.

Effects on Parameters of Contraction

The application of pomegranate seed extract (250 mg/
100 mL) to the rat myometrial preparations produced sig-
nificant potentiating effects on spontancous force (n = 5).
The frequency of the contractions increased significantly
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Figure 2. The effects of pomegranate seed extract (POM) on

spontaneous contraction. Pomegranate seed extract (250 mg/100 mL)
is added to spontaneously contracting uterus (A). Superimposed force
records taken from (A), under control conditions and in the presence
of POM (dotted trace; B).

to 134% + 11%. The amplitude of force was also signif-
icantly increased; 130% + 12%, as was its duration;
163% + 3% (all compared with control, 100%). The
mean increase in integrated force over the last 20 minutes
in extract was 146% =+ 12%. A typical example is shown
in Figure 2A. It can be seen in Figure 2B, where control
and pomegranate seed extract records have
expanded and overlapped, that there is a clear effect of
pomegranate seed extract to prolong the force transient,
due to an effect of prolonging the plateau phase and also
significantly slowing the relaxation rate (172% =+ 23%).
In addition, pomegranate seed extract consistently
increased basal force by 6% + 1% (see Figure 2A).

been

Effects of P-sitosterol

As shown above, it is clear that pomegranate seceds
potentiate uterine contraction. As B-sitosterol is one of
the major components found in the extract and has pre-
viously been found to be a phytoestrogen, it was of
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Figure 3. The effects of B-sitosterol on spontaneous contraction.

-sitosterol (1 mg/100 mL) is added to spontancously contracting
uterus (A). Superimposed force records taken from (A), under control
conditions and in the presence of B-sitosterol (dotted trace; B).

interest to determine whether the effects of pomegranate
seed extract were due to this compound. The estrogenic
activity of phytoestrogens range from 1/500 to 1/1000 of
the activity of estrogen.'® Initial dose response curves
over the range 0.5 to 1.5 mg/100 mL showed that max-
imal effects were achieved at around 1 mg/100 mL, and
thus, a dose of 1 mg/100 mL of B-sitosterol was used
(n = 5). As shown in Figure 3A, application of B-sitosterol
produced significant increases in force (125% =+ 3%
compared with control integrated force). The amplitude
of force was significantly increased; 111% =+ 3%, as was its
duration; 138% + 8% (all compared with control, 100%).
However, the frequency of the contractions was not signif-
icantly increased (107% + 3%; compared with control,
100%). As with the pomegranate seed extract, B-sitosterol
increased the basal force to 7% + 1% (see Figure 3A). It is
interesting to note that P-sitosterol also prolonged the
force transient (Figure 3B).

Effects of Ca-dependent force pathway
modulation

Uterine force can be produced by several pathways, but
5 ; : s 19

the main mechanism involves Ca-calmodulin-MLCK.

To investigate whether the increases in uterine force were
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Figure 4. The effects of nifedipine and wortmannin on rat uterine
contractions induced by pomegranate seed extract (POM). Control
POM application followed by POM and nifedipine (1 pmol/L; A).
Control POM application followed by POM and wortmannin
(4 pmol/L; B). Nifedipine (1 pmol/L) application followed by POM
(250 mg/100 mL; C).

dependent on the calcium-calmodulin MLCK pathway, we
studied the effects of the extract in the presence of the L-type
calcium channels and MLCK inhibitors (Figure 4). As can
be seen in Figure 4A, the application of 1 pmol/L nifedipine
in the continued presence of the extract rapidly inhibited

Promprom

and then abolished force (n = 5). Basal force, however, did
not return to control levels but remained elevated.

We next investigated the effects of pomegranate seed
extract in the presence of a potent inhibitor of MLCK,
wortmannin (Figure 4B). As shown in Figure 4B, wort-
mannin (4 pmol/L) in the continued presence of the
extract gradually reduced force in all preparations studied
(n = 5); a significant reduction occurred after 10 minutes
(mean amplitude of contractions 86% + 1%) and by
45 4+ 9 minute contractions were abolished.

In the uterus, some uterotonic agents can elicit a con-
traction in a 0-Ca solution or when L-type Ca channels
are blocked,"™?® and it has been suggested that this con-
traction independently of the calcium-
calmodulin-MLCK pathway.'*>?® To investigate this, the
extract was applied after application of nifedipine. As can
be seen in Figure 4C, no force is observed during the
application of the extract (n = 5).

occurs

Role of K Channels

The effects of pomegranate extract on force resembled
those of potassium channel blockers, which prolong the
action potential and thereby potentiate force.'®?! Thus,
the question arose whether the extract effects were
mediated by effects on potassium channels. We therefore
blocked potassium channels, with TEA (5 mmol/L) and
studied the effects of pomegranate seed extract (n = 6).
Application of TEA produced increases in force (137%
+ 4% compared with control integrated force), but no
further significant increase occurred upon addition of
pomegranate seed extract in the continued presence of
K channel inhibition (110% =4 12%; Figure 5A). Simi-
larly, if TEA was added after pomegranate sced extract,
it produced no further increases in force (Figure 5B).
These data suggest that the potentiating effect of TEA was
prevented by pomegranate seed extract.

Role of Sarcoplasmic Reticulum

Release of Ca from the sarcoplasmic reticulum (SR) can
potentiate force in smooth muscles,”” and thus the SR may
be a target for pomegranate extract. In addition, the
increase in basal tone found with the extract could be due
to the release of Ca from the SR or inhibition of Ca reup-
take by SERCA. We therefore elucidated the effect of
pomegranate extract after the inhibition of SERCA by
cyclopiazonic acid (20 pmol/ L).'>% As expected, inhibit-
ing SERCA increased uterine force. As can be seen in
Figure 6A, the extract was unable to potentiate force after
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Figure 5. The effects of pomegranate seed extract (POM) on
contraction in the presence of the calcium-activated potassium
channel inhibitor. Tetraethylammonium (TEA, 5 mmol/L) is added
before (A) and after (B) POM (250 mg/100 mL).

CPA treatment (n = 5). The application of CPA produced
increases in force (227% + 18% compared with control
integrated force). No further increase occurred upon addi-
tion of pomegranate seed extract in the continued presence
of CPA (103% + 4% Figure 6A). As can be seen in Figure
5A, CPA caused an increase in basal tone (225%); no further
increase occurred in the presence of pomegranate. If CPA
was added after pomegranate seed extract (n = 5), it pro-
duced no further increases in force amplitude (Figure 6B),
or basal tone, but the contraction frequency was increased.

Effects of Fulvestrant

The above results clearly show the eftects of pomegranate
seed extract, which could be occurring through either the
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Figure 6. The effects of pomegranate seed extract (POM) on

contraction in the presence of the sarcoplasmic reticulum calcium-
ATPase inhibitor. Cyclopiazonic acid (CPA, 20 pmol/L) application
is added before (A) and after (B) POM (250 mg/100 mL).

nonreceptor estrogen-like actions of B-sitosterol or via its
estrogen receptor-mediated actions. We therefore
blocked the receptors, with fulvestrant
(1 pmol/L),'>" and studied the effects of pomegranate
seed extract (n = 5) and PB-sitosterol (n = 6). Application
of fulvestrant to spontaneous active uterus produced no
significant changes in uterine contractions. The ampli-
tude, frequency, and area under the curve of spontaneous
contraction after the application of fulvestrant were 105%
+ 2%, 104% + 10%, and 97% + 10% (all compared
with control, 100%). Application of pomegranate seed
extract in the continued presence of fulvestrant produced
significant increases in the amplitude of the contraction,
frequency, and area under the curve (Figure 7). The
increases in the frequency and area under the curve were

105 4 3, 142% =+ 11% and 131% =+ 4% (all compared

estrogen
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Figure 7. The effects of pomegranate seed extract (POM) on con-

traction in the presence of the estrogen receptor antagonist. Fulvestrant
(1 pmol/L) application is added before POM (250 mg/100 mL).

with fulvestrant control, 100%). B-sitosterol was also able
to significantly increase force in the presence of fulves-
trant (data not shown).

DISCUSSION

This study is the first to show the effects of pomegranate
seed extract on uterine contraction and demonstrates that
it potently potentiates spontaneous contractions. Both the
amplitude and the frequency of the phasic contraction
were significantly increased as well as the basal tension.
The effects of pomegranate seed extract were very closely
matched to those of B-sitosterol. The potentiation of
force induced by the extract was dependent upon the
Ca-calmodulin-MLCK pathway. Pre-incubation with
TEA or CPA prevented the extract exerting its effects,
suggesting that K channels or SERCA are the targets for
its actions. When the effects of pomegranate seed extract
and P-sitosterol were compared after fulvestrant treat-
ment, they were still effective. Thus, our conclusion is
that pomegranate seed extract is a powerful uterine stimu-
lant acting via a nonestrogen mechanism.

In agreement with previous studies,”® we showed
that one of the major constituents isolated in pomegranate
seed extract is P-sitosterol. Other constituents, mainly
essential oils, have been demonstrated to relax rather than
contract uterine smooth muscle.?* Thus, the predomi-
nant effect on uterine contractions of an extract of pome-
granate is potentiating, and we show that B-sitosterol is
the active agent responsible for this effect. It also increased
basal tone as did the extract.

Promprom

We found that the pathway to increase uterine con-
traction by pomegranate seed extract occurred via
calcium-dependent pathway as: (a) addition of the extract
could not produce force in the absence of external cal-
cium entry and, (b) force produced in the presence of the
extract was abolished when Ca entry through L-type Ca
channels was inhibited. Further support for this conclu-
sion comes from the experiments with MLCK inhibition;
force was no longer produced by the extract. Thus,
our data support a mechanism of action involving the
Ca-calmodulin-MLCK  pathway rather than that of
Ca-sensitization. Nifedipine application, however, did
not reverse the increase in basal tone caused by the
extract, although it did abolish the spontaneous contrac-
tions. This suggests that the mechanism causing the eleva-
tion of basal tone is not dependent upon Ca entry and
may therefore involve the internal Ca store, that is, the
SR. This is discussed further later.

Our data suggest that the extract is potentiating force
by an inhibition of K channels and an effect on the SR.
The effects of pomegranate seed extract on the uterus
resembled those of the K channel inhibitor 5 mmol/L
TEA,15'23 and after exposure to TEA, the extract was
without effect. There are data from other sterols, espe-
cially cholesterol, that these compounds can modulate
K channel activity. Specifically in the uterus, cholesterol
manipulation can have marked effects on Ca signaling and
contractility®® via effects on Ca-activated K channels.'’
Cholecalciferol, a vitamin D5 precursor, has also been
shown to affect K channel activity in vascular smooth
Further studies are suggested to determine
which type of K channels are the main targets of the
extract, along with measurements of electrical activity.

The experiments in which SERCA was inhibited
using CPA point to an involvement of the SR in mediat-
ing the effects of pomegranate extract. Pre-incubation
with CPA prevented any additional effects of the extract
occurring. However, CPA was still able to produce some
stimulation of the uterus following pomegranate applica-
tion. The role of the SR in spontaneous activity of the
uterus remains enigmatic, as its inhibition promotes con-
tractility, suggesting it is not acting as a source of Ca for
spontaneous contractions.”” Nor is it likely that it is acting
via the release of Ca sparks from the SR that activate
Ca-activated K channels, as such a mechanism is absent
in the uterus.?® Thus, it is difficult to interpret our find-
ings in further detail. We can find no evidence in smooth
muscle that B-sitosterol potentiates force by inhibiting
SERCA. There 1s evidence however that phytoestrogen
can affect SER CA in cardiac muscle.?” In addition, there

26
muscle.
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is clear evidence in macrophages that plant sterols such as
sitosterol can inhibit SERCA.”

Inhibition of SERCA may explain the increase in

basal tone found with extract application. Our previous
studies have shown that when SER CA is inhibited; there

1
’

is an increase in intracellular [Ca],'® which may lead to
change of basal tone. Our data with nifedipine support
the source of Ca being intracellular, as nifedipine abol-
ished phasic contractions but did not restore basal force
to resting condition.

CONCLUSION

In conclusion, we have presented novel data demonstrat-
ing a significant stimulation of uterine activity by pome-
granate seed extract, which can largely be accounted for

by its constituent, P-sitosterol, acting as a nonestrogen
receptor-mediated mechanism. The stimulation of uter-
ine activity may contribute to the antifestility effects of
pomegranates, and they may be a useful source of uterine
stimulant for slowly progressing labours, although fur-
ther studies in human myometrium are required to
develop these suggestions. Although not studied, it is
speculated that, as the pathways for calcium signaling and
contractility are similar in the pregnant to nonpregnant
myometrium, and in human and rat myometrium, that
similar effects of pomegranate seed extract will be seen
in the pregnant human uterus.
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