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extracts: Implication for its use in PMS
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Abstract

The dried ripe fruit of Vitex agnus-castus L. (VAC) is widely used for the treatment of premenstrual syndrome (PMS). A previous study reported
that extracts of VAC showed affinity to opiate receptors; however, functional activity was not determined. We tested two different VAC extracts in
receptor binding and functional assays. Our objectives were: (1) to confirm the opiate affinity; (2) to rule out interference by free fatty acids (FFA);
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3) to determine the mode of action of VAC at the �-opiate receptor. Methanol extracts of VAC were prepared either before (VAC-M1) or after
VAC-M2) extraction with petroleum ether to remove fatty acids. Both extracts showed significant affinities to the �-opiate receptor, as indicated
y the concentration-dependent displacement of [3H]DAMGO binding in Chinese hamster ovary (CHO)-human �-opiate receptor (hMOR) cells.
he IC50 values were estimated to be 159.8 �g/ml (VAC-M1) and 69.5 �g/ml (VAC-M2). Since the defatted extract not only retained, but exhibited
higher affinity (p < 0.001), it argued against significant interference by fatty acids. In an assay to determine receptor activation, VAC-M1 and
AC-M2 stimulated [35S]GTP�S binding by 41 and 61% (p < 0.001), respectively. These results suggested for the first time that VAC acted as an
gonist at the �-opiate receptor, supporting its beneficial action in PMS.

2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

The dried ripe fruit from Vitex agnus-castus L. (VAC) (Lami-
ceae, formerly Verbenaceae), commonly known as chasteberry,
s one of the most popular botanical dietary supplements for
he treatment of premenstrual syndrome (PMS) (Upton, 2001).
MS refers to the cyclical occurrence of emotional, behavioral,
nd physical complaints occurring in the last 5–10 days of the
uteal phase of the menstrual cycle. Symptoms include depres-
ive moods, irritability, anxiety, confusion, breast tenderness
mastalgia), abdominal bloating, fatigue, headache, and others
Mortola, 1996). The etiology of PMS is not fully understood.
MS is often treated with conventional drugs including anti-

nflammatory agents such as ibuprofen and psychotropic drugs

Abbreviations: CHO, Chinese hamster ovary; FSH, follicle stimulating
ormone; hMOR, human �-opiate receptor; LH, luteinizing hormone; PMS,
remenstrual syndrome; VAC, Vitex agnus-castus L.
∗ Corresponding author. Tel.: +1 312 355 1429; fax: +1 312 996 0098.

E-mail address: zjwang@uic.edu (Z.J. Wang).

such as selective serotonin reuptake inhibitors (Freeman et al.,
1999), or hormonal interventions such as progesterone ther-
apy (Halbreich, 2002; Wyatt et al., 2002; Rapkin, 2003). Many
women seek alternative therapies, including botanical dietary
supplements, because conventional therapies do not help them,
or they do not want to risk the side effects of hormonal or psy-
chotropic drugs.

VAC, a small shrub or tree up to 6 ft tall, is native to the
Mediterranean and western Asia. It is now cultivated all over the
world, including the southern part of the United States (Upton,
2001). VAC has been used since ancient Greek times as a treat-
ment for menstrual problems. In addition, it has been used to
treat pain, swelling, inflammation, headaches, rheumatism, and
sexual dysfunction (Upton, 2001). Treatment with VAC results
in few unwanted side effects, and is therefore a popular alter-
native therapy for women who do not respond to or tolerate the
hormonal or psychotropic drugs. The last decade has provided
several successful clinical trials supporting the use of VAC for
treatment of PMS (Lauritzen et al., 1997; Berger et al., 2000;
Loch et al., 2000; Schellenberg, 2001; Atmaca et al., 2003).
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The mechanism for the actions of VAC in PMS is not entirely
clear. The most thoroughly studied mechanism is through
dopamine receptors in the anterior pituitary. Several studies have
indicated that VAC acts on dopamine D2 receptors to decrease
prolactin levels (Jarry et al., 1994; Hoberg, 1999; Berger et al.,
2000; Meier et al., 2000; Wuttke et al., 2003). This mechanism
is most likely responsible for alleviating symptoms of mastody-
nia and hyperprolactinemia (Milewicz et al., 1993; Meier and
Hoberg, 1999). Several diterpenes, including rotundifuran and
clerodadienols, found in a non-polar fraction of VAC exhibited
dopamine D2 receptor agonist activity (Wuttke et al., 2003), and
inhibit prolactin release in vivo (Meier et al., 2000; Wuttke et
al., 2003). It has also been suggested that elements in a VAC
extract may act on estrogen (ER-�) receptors, and cholinergic
receptors (Berger et al., 2000; Liu et al., 2001; Upton, 2001).
Apigenin was isolated from VAC and shown to be an ER-� ago-
nist (Wuttke et al., 2003). However, estrogenic activity may not
be beneficial in PMS (Wyatt et al., 2002).

Another mechanism through which VAC may work is the opi-
ate system, which consists of �, �, and � opiate receptors and
endogenous opiate peptides such as �-endorphin. This peptide
assists in regulating the menstrual cycle through inhibition of the
hypothalamus–pituitary–adrenal axis (HPA), therefore decreas-
ing the amount of gonadotropic releasing hormone (GnRH)
acting on the pituitary, which decreases the release of luteiniz-
ing hormone (LH) and follicle stimulating hormone (FSH). LH
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itol (DTT), disodium ethylenediamine tetraacetate (EDTA),
4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid N-(2-hydr-
oxyethyl)piperazine-N′-(2-ethanesulfonic acid) (HEPES) were
obtained from Sigma (St. Louis, MO, USA). Tyr-d-Ala-Phe-
Gly-Tyr-Pro-Ser-Cys (dermorphin), [d-Ala2,N-MePhe4-Gly-
ol5]enkephalin (DAMGO), and [3H]DAMGO were from Mul-
tiple Peptide Systems (San Diego, CA, USA). [35S]GTP�S was
purchased from Amersham Biosciences (Piscataway, NJ, USA).

2.2. Plant extract preparation

Vitex agnus-castus L. was provided by PureWorld Botani-
cals Inc. (South Hackensack, NJ, USA) from cultivated material
grown in New Mexico (USA). Voucher specimens have been
deposited at the Program for Collaborative Research in the Phar-
maceutical Sciences (PCRPS) at the University of Illinois at
Chicago. Extracts were prepared using macerated fruits of VAC.
For the first extract, VAC-M1 3.125% (w/w), fruits of VAC were
extracted directly with 90% MeOH. Since VAC may contain free
fatty acids that can potentially interfere with binding assays, in
the second preparation, fruits were first defatted with petroleum
ether (PE). The marc was then extracted with 90% methanol to
yield a defatted extract, VAC-M2 2.514% (w/w). Both extracts
were evaporated in vacuo to obtain dry extracts. For pharma-
cological assays, the dried extracts were dissolved in DMSO
and further diluted with water to appropriate concentrations.
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nd FSH, released from the pituitary, then enter into a complex
eedback loop with progesterone and estrogen to regulate the
enstrual cycle (Silberstein and Merriam, 2000). Levels of �-

ndorphin decrease along with estrogen in the late luteal phase
f the menstrual cycle, which correlates with the appearance of
ymptoms of PMS (Giannini et al., 1984, 1990; Chuong and
oulam, 1988).

Meier and co-workers reported that an ethanolic VAC extract
Ze440) and several subfractions of a methanolic extract had
ffinity for opiate receptors. The binding affinity (IC50) was
eported to be at 20–70 �g/ml. However, it remains unknown
f VAC extracts produce agonistic or antagonistic effects. The
nformation is important since an absence of agonistic activ-
ty would not support the use of VAC in PMS through opiate

echanisms.
In this study, we examined two methanol extracts of VAC

n �-opiate receptor binding and functional activity assays to
etermine if VAC is producing an effect at the receptor level.
he �-opiate receptor was chosen in this first functional study
ecause it is the primary receptor for the action of �-endorphin.
he study aimed to achieve three goals: (1) to confirm the pre-
ious finding by Meier et al. (2000), (2) to rule out interference
n binding assays by free fatty acids (FFA) contained in VAC
xtracts, and (3) to determine the mode of action of VAC extracts.

. Materials and methods

.1. Drugs and chemicals

Guanosine-5′-diphosphate (GDP), guanosine-5′-[�-thio]tri-
hosphate (GTP�S), bovine serum albumin (BSA), dithiothre-
he final DMSO concentrations in all assays were below 0.5%,
hich we found to not interfere with either receptor binding or
TP�S binding assay.

.3. Cell culture

Full-length human �-opiate receptor (Wang et al., 1994) was
loned into pcDNA3 using HindIII sites, and transfected into
hinese hamster ovary cells (CHO-K1, ATCC, Manassas, MD,
SA) using the calcium phosphate method (Arden et al., 1995).
418 (400 �g/ml) was used to select resistant clones. Several
418-resistant clonal cell lines were selected and screened using

he receptor binding assay. One such cell line (CHO-hMOR) was
elected and established based on receptor density, and used for
he study. CHO-hMOR cells were cultured in Dulbecco’s mod-
fied eagle medium (DMEM) and Ham’s F-12 medium (1:1)
upplemented with 10% newborn calf serum, 100 IU/ml peni-
illin and 100 �g/ml streptomycin (Wang and Sadee, 2000). To
aintain stable selection, 200 �g/ml G418 was added. Cells
ere cultured at 37 ◦C with 5% CO2 in humidified air.

.4. Receptor binding assay

The receptor binding assay was performed as previously
escribed (Arden et al., 1995; Wang et al., 2001). Briefly, recep-
or membranes were prepared from CHO-hMOR cells by poly-
ron homogenization at setting 6 for 2 min on ice, followed by
entrifugation at 20,000 × g for 30 min at 4 ◦C. Protein con-
ent was determined by the Coomassie protein assay method
Pierce Biotechnology, Rockford, IL, USA) using bovine serum
lbumin as the standard. For [3H]DAMGO saturation binding,
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the receptor membranes (50 �g protein/reaction) were incu-
bated with varying concentrations of [3H]DAMGO in 50 mM
Tris buffer (pH 7.4) at 30 ◦C for 1 h. The assay was conducted
in triplicate. For receptor displacement assays, the receptor
binding was conducted in triplicate in 50 mM Tris buffer (pH
7.4) containing 1 nM [3H]DAMGO at 30 ◦C for 1 h (50 �g
protein/reaction). Non-specific binding was determined in the
presence of 20 �M unlabeled DAMGO. Reactions were ter-
minated by the rapid vacuum filtration through GF/B filters
presoaked with 0.2% polyethylenimine. Filter-bound radioac-
tivity was determined by liquid scintillation counting (Beckman,
Fullerton, CA, USA). Binding data were analyzed with the aid
of GraphPad Prism program (San Diego, CA, USA) to obtain
Bmax, Kd, IC50, and maximum inhibition. The dissociation con-
stant Ki values were determined by the method of Cheng and
Prusoff (1973).

2.5. GTPγS binding assay

Determination of [35S]GTP�S binding in cell and brain mem-
branes was performed based on the method previously described
(Wang et al., 2001; Narita et al., 2003). Briefly, cell mem-
branes were prepared as above. Membranes (40 �g protein)
were incubated with 0.1 nM [35S]GTP�S (1000 Ci/mmol) in
the reaction buffer (50 mM HEPES, pH 7.4, 100 mM sodium
chloride, 1 mM disodium ethylenediamine tetraacetate, 5 mM
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Fig. 1. Saturation binding of [3H]DAMGO (A), and displacement of
[3H]DAMGO binding by the opiate agonist morphine (B) in CHO-hMOR cells.
For [3H]DAMGO saturation binding, the receptor membranes were incubated
with varying concentrations of [3H]DAMGO at 30 ◦C for 1 h. For displacement
of [3H]DAMGO binding, the receptor membranes were incubated with 1 nM
[3H]DAMGO and a series of different concentrations of morphine at 30 ◦C
for 1 h, and the specific radioactivity of [3H]DAMGO bound to hMOR in the
absence of morphine was set to 100%. Each point represents the mean ± S.E.M.
from three independent experiments. Morphine IC50 and Ki were estimated to
be 2.3 and 0.8 nM, respectively.

[3H]DAMGO to the receptor (Fig. 1B). The IC50 and Ki were
estimated to be 2.3 and 0.8 nM, respectively. This cell line and
the same displacement binding assay were applied in the study
to characterize the affinity of VAC extracts.

3.1. Receptor binding assay

Similar to morphine, the VAC methanol (90%) extract
(VAC-M1) was able to competitively displace the binding
of [3H]DAMGO, indicating the extract’s affinity to hMOR
(Fig. 2). The IC50 and Ki values were estimated to be 159.8
and 59.9 �g/ml, respectively. At the highest concentration used
(300 �g/ml), VAC-M1 was able to displace 69.1 ± 0.1% specific
binding.

It has been suggested that free fatty acids in VAC extracts
may interfere with receptor binding assays (Ingkaninan et al.,
1999; Liu et al., 2004). To address this issue, we defatted VAC
with petroleum ether before the marc was extracted with 90%
methanol (VAC-M2). VAC-M2 also showed significant affinity
to hMOR with IC50 and Ki of 69.5 and 26.1 �g/ml, respectively.
At the highest concentration used (300 �g/ml), VAC-M2 dis-
placed 89.7 ± 1.0% specific binding (Fig. 2). Because extraction
agnesium chloride, 30 �M guanosine-5′-diphosphate, 1 mM
ithiothreitol, and 0.1% BSA) in the presence or absence of
AC extracts or DAMGO, at 30 ◦C for 60 min. The basal level
as defined as the amount of [35S]GTP�S bound in the absence
f any agonist. Non-specific binding was determined in the pres-
nce of 10 �M unlabeled GTP�S. Reactions were terminated by
apid filtration through Whatman GF/B filters, followed by three
ashes with ice-cold wash buffer (50 mM Tris, pH 7.4). The
embrane-bound [35S]GTP�S was determined by liquid scin-

illation counting. Data were analyzed with the aid of GraphPad
rism program to obtain EC50, and Emax.

.6. Statistical analysis

Data, expressed as mean ± standard error, were analyzed with
he aid of GraphPad Prism program to obtain IC50, maximum
nhibition, EC50, and Emax values. The dissociation constant Ki
alues were determined by the method of Cheng and Prusoff
1973). Differences in responses between groups were deter-
ined using ANOVA followed by Student’s t-tests.

. Results

Chinese hamster ovary cells were stably transfected with the
loned human �-opiate receptor (Wang et al., 1994) to establish
cell model for the study. The selected clonal cell line (CHO-
MOR) expressed a high level of hMOR, with an expected
igh affinity to DAMGO, a MOR selective ligand (Kd = 0.6 nM;
ig. 1A). The number of binding sites per cell was estimated

o be 8.6 × 104 (Fig. 1A). As expected, morphine, a naturally
ccurring opiate agonist, competitively displaced the binding of
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Fig. 2. Displacement of [3H]DAMGO (1 nM) binding by VAC extracts (VAC-
M1 (♦) and VAC-M2 (�)) in CHO-hMOR cells. Methanol extracts of VAC were
prepared either before (VAC-M1) or after (VAC-M2) extraction with petroleum
ether. The specific radioactivity of [3H]DAMGO bound to hMOR in the absence
of VAC extracts was set to 100%. Each point represents the mean ± S.E.M.
from three independent experiments. The IC50 (Ki) values were estimated to be
159.8 �g/ml (59.9 �g/ml) and 69.5 �g/ml (26.1 �g/ml) for VAC-M1 and VAC-
M2, respectively.

with petroleum ether removes the majority of non-polar and less
polar components including most of free fatty acids, our data
argue against significant, if any, interference of MOR binding
by FFA in VAC.

3.2. GTPγS binding assay

It is critical to ascertain if VAC methanol extracts contain
agonistic or antagonistic opiate activity at the receptor. Since
the �-opiate receptor belongs to the superfamily of G protein-
coupled receptors, we employed the GTP�S binding assay to
determine the mode of action of VAC extracts. Activation of
MOR by its agonist such as DAMGO produced an increase in the
binding of GTP�S to cell membranes (Wang et al., 2001; Narita
et al., 2003). Under our assay condition, DAMGO, used as a pos-
itive control, produced a maximum stimulation of 146.1 ± 5.7%
(mean ± S.E.M.) over the baseline (Fig. 3A) and the EC50 was
254 nM, which was similar to the values previously reported
(Selley et al., 2001). Similar to DAMGO, both VAC-M1 and
VAC-M2 produced a dose-dependent activation of G proteins,
as indicated by GTP�S binding (Fig. 3B). The maximum effect
was 41.4 ± 3.1 and 61.4 ± 1.9% above the baseline, for VAC-
M1 and VAC-M2, respectively. The EC50 values were estimated
to be 2.8 �g/ml for VAC-M1 and 2.2 �g/ml for VAC-M2 (N = 3
for both extracts). These data demonstrated that VAC methanol
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Fig. 3. Stimulation of [35S]GTP�S binding by the �-opiate receptor ago-
nist DAMGO (A) and VAC extracts (VAC-M1 (♦) and VAC-M2 (�)) (B) in
CHO-hMOR cells. Like the positive control (A), both VAC extracts stimulated
[35S]GTP�S binding, indicative of the presence of agonist activities in VAC-M1
and VAC-M2. Each point represents the mean ± S.E.M. from three independent
experiments. The EC50 values were estimated to be 2.8 �g/ml for VAC-M1 and
2.2 �g/ml for VAC-M2.

A reduction of opiate activity is a hallmark in PMS (Chuong
et al., 1985; Tulenheimo et al., 1987; Giannini et al., 1988,
1990; Chuong and Hsi, 1994). The severity of symptoms such as
anxiety, food cravings, and physical discomfort is inversely pro-
portional to the amount of decline in �-endorphin levels in the
luteal phase (Halbreich and Endicott, 1981; Giannini et al., 1984,
1994). �-Endorphin exerts a tonic inhibition (especially through
�-opiate receptors) on the hypothalamus–pituitary–adrenal axis
(HPA) (Delitala et al., 1994; Kreek et al., 2002). Such tonic
inhibition is weakened significantly in patients with severe PMS
(Facchinetti et al., 1989, 1994). Therefore, VAC may improve
symptoms of PMS by activating �-opiate receptors to reverse
the loss of opiate tonic inhibition or directly activating analgesic
and mood regulatory pathways.

A previous report suggested that VAC extracts had affinity
to opiate receptors (Meier et al., 2000). The current study con-
firmed that VAC methanol extracts had affinity to the �-opiate
receptor. The �-opiate receptor is the primary action site for
�-endorphin in vivo. In future studies, we will determine if sim-
ilar affinity is found for � and � opiate receptor, as has been
suggested (Meier et al., 2000).

One confounding factor in interpreting the results from the
previous study (Meier et al., 2000) was that the VAC extract
may have contained free fatty acids, which may cause false
positives in receptor binding experiments at high concentra-
tions (Ingkaninan et al., 1999; Liu et al., 2004). To rule out
t
m

xtracts (VAC-M1 and VAC-M2), had agonistic activity at the
-opiate receptor.

. Discussion

Although chaste berry has been used since ancient Greek
imes and has been shown clinically to be effective for the treat-

ent of symptoms of PMS, the mechanisms of action are not
ompletely understood. The purpose of this study was to inves-
igate the �-opiate receptor pathway as a potential mechanism
or VAC. The opiate system plays an essential role in regulat-
ng tonic pain perception, mood, appetite, and other functions.
his potential interference, we compared two different VAC
ethanol extracts. VAC-M2 was extracted first with petroleum
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ether to remove fatty acids. We found that VAC-M2 retained
significant binding affinity to the �-opiate receptor. In fact, the
affinity of VAC-M2 was better than that of VAC-M1, suggesting
that extraction with petroleum ether enriched opiate activity in
VAC-M2. These data argue strongly against significant, if any,
interference of MOR binding by free fatty acids in the VAC-M1
extract.

The specific action of VAC extracts at the �-opiate recep-
tor was further supported by their activity in the GTP�S assays,
although the primary purpose for these experiments was to deter-
mine the mode of action of VAC extracts. [35S]GTP�S binding
assays directly determine the activation of G proteins by a G
protein coupled receptor. The assay has been widely used to
determine the activation of the �-opiate receptor by its agonists
(Traynor and Nahorski, 1995; Hosohata et al., 1998; Selley et al.,
2001). Both VAC-M1 and VAC-M2 stimulated GTP�S binding
in CHO-hMOR cells, suggesting that the �-opiate receptor can
be activated by these extract. Opiate agonistic, not antagonistic,
activity from VAC is consistent with its therapeutic effect for
the treatment of PMS. Therefore, these results suggested that
affinity and activity of VAC at the �-opiate receptor can serve
as a molecular mechanism for its effectiveness in treating PMS.
In a separate study, we found free fatty acids did not stimulate
[35S]GTP�S binding (Webster and Wang, unpublished results),
further ruling out the interference of free fatty acids. We propose
further studies to determine active fractions and compound(s)
t
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. Conclusion

In summary, this study confirmed the previous finding that
AC extracts had affinity to the �-opiate receptor. By compar-

ng the actions of two methanol extracts, we conclude that the
bserved receptor affinity was not due to interference by free
atty acids. Moreover, our studies for the first time identified ago-
istic activity exhibited by VAC extracts at the �-opiate receptor.
he opiate activity may, therefore, be a plausible mechanism for

he beneficial action of VAC in PMS.
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