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Objective(s): Previous studies have indicated that phytoestrogens induce estrogenic as well as anti-
inflammatory effects, and they are found in high abundance in the extracts of some herbs such as Vitex
Agnus Castus (VAC). Therefore, we investigated the effect of VAC extract on ovariectomized mice after
the induction of permanent middle cerebral artery occlusion (PMCAO) model.
Materials and Methods: In this study, 50 mice ranging from 25 to 35 g were divided into five experimental
groups as follows: Control, VAC, Estrogen, Tamoxifen, and Tamoxifen-VAC. Animals were ovariectomized,
Keywords: and after 30 days of treatment, they were given PMCAO induction. Behavioral assessment (adhesive removal
Anti-inflammatory and wire hanging tests) was evaluated 24 hr, 48 hr, and one week after induction of stroke. The infarct
Mice volume, as well as serum levels of matrix metalloproteinase-9 (MMP-9) and interleukin-10 (IL-10), were
Ovariectomy measured one week after stroke.
?/t_roke 3 Results: One week after stroke, in both VAC and estrogen groups, the infarct size reduced in comparison
itex agnus-castus with the control group. Estrogen and VAC extract improved adhesive removal and wire hanging test,
increased the level of IL-10, and decreased the level of MMP-9 compared with the control group.
In addition, co-administration of tamoxifen and VCA extract had no significant effect on measured
indices compared with control and tamoxifen groups.
Conclusion: Based on our findings, VAC extract has neuroprotective properties and can reduce stroke
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injuries in PMCAO-induced ovariectomized mice via anti-inflammatory and estrogenic properties.
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Introduction

It has been demonstrated that administration of
exogenous estrogen improves the outcomes in rodent
stroke models (1). Estrogen replacement therapy in
decreasing the cerebral ischemic damage and the
expression of matrix metalloproteinase-9 (MMP-
9) has been well established in animal models (2, 3).
Also, previous studies have demonstrated that female
hormones induce regulatory effects on the immunity
system via elevating interleukin-10 (IL-10) levels (4, 5).
On the other hand, increasing the level of IL-10 is related
to the reduction of injury after middle cerebral artery
(MCA) occlusion, which suggests the neuroprotective
role of IL-10 in stroke (6). Despite its neuroprotection
in human and rodent models of stroke, estrogen
replacement therapy is accompanied by serious adverse
effects such as breast and endometrial cancers as well
as cardiovascular diseases (7).

Similar to estrogen, phytoestrogens (exist in high
abundance in some herbs) induce estrogenic and
anti-inflammatory effects. The major sources of
phytoestrogens are isoflavonoids such as isoflavones,
coumestans, and lignans (8). These compounds show
less estrogenic effect compared with estrogens and

combine with estrogen receptors (ER) with different
affinities (9). Many studies have provided evidence
for the neuroprotective effect of phytoestrogens in
numerous disorders, including stroke (10, 11). These
phytoestrogens are thought to exert neuroprotection by
either their agonistic effect on estrogen receptors (12)
or induction of antioxidative, anti-inflammatory, and
anti-apoptotic properties (13). Phytoestrogens inhibit
the production of matrix metalloproteinase-9 (MMP-
9) (14). On the other hand, some studies reported that
phytoestrogens could dilate brain arteries and thereby
improve cerebral blood flow (15, 16). This finding may
suggest, at least in part, that neuroprotective action of
phytoestrogen diets in animal models of ischemic stroke
might be related to increased brain blood flow (11).
Vitex agnus-castus (VAC) is one of these plants whose
estrogenic effects is well documented in the literature
(17). VAC extract is used as a homeopathic drug for the
treatment of brain disorders (18). Phytochemicals such
as essential oils, flavonoids, iridoids, and diterpenoids
are found in VAC fruits (19). The major components of
VAC in Iran are a-pinene, limonene, (3-caryophyllene,
sabinene, and B-farnesene (20). ER binding tests have
identified that linoleic acid is the ER ligand of VAC
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extract (21). Also, it has been reported that apigenin
as a flavonoid has high binding affinity to ER (22).
Flavonoids and diterpenoids, isolated from the extract
of VAC fruits, have been found to exhibit antioxidant
and anti-inflammatory activity (17). Furthermore,
numerous evidence in the literature has shown that VAC
is safe and has no side effect or mortality, even at a high
dose (5 g/kg) (20).

To the best of our search, the possible neuroprotective
effect of VAC in stroke has not been previously studied.
In the current study, we designed to determine whether
the neuroprotection induced by dietary VAC extract is
mediated through its estrogen agonistic property and/
or its anti-inflammatory action. For doing this, we
studied the effects of VAC both in the presence and in
the absence of estrogen antagonist (tamoxifen) and
examined the serum levels of IL-10 and MMP-9.

Materials and Methods

Plant material and extraction method

VAC seeds were collected from Esfahan province.
The fruits were identified by experts of the Central
Herbarium of Isfahan University with registration
number 9252, in 2012. The fruits were dried in the air.
Five hundred grams of the dried fruit was mixed with
ethanol (50%) and extracted with Soxoleh appurtenance,
and then solvent evaporation was performed by a rotary
device. After that, it was dried at 50 °C in the oven. In
the end, the resulting powder was stored at -20 °C until
the experiment time. For administration, the frozen VAC
extract was freshly dissolved in saline (23).

Drugs

Estradiol valerate (Alpha, Iran), as an ER agonist,
was dissolved in saline (1 ml). Tamoxifen was used
(Hormone-Alpha, Iran) as an antagonist of ER. Tamoxifen
is a selective estrogen receptor modulator and has both
agonist and antagonist properties in different organs.
For example, in brain and breast block the ER and in
bone and uterus stimulate these receptors. Tamoxifen
was dissolved in saline (1 ml).

Animals

A total number of 50 female mice (25-35 g) were fed
food and water ad libitum (12-hr light-dark cycle). Mice
were treated in accordance with the criteria presented in
the Guide for Care and Use of Laboratory Animals (NIH
US publication 86-23 revised 1985; http://oacu. od.nih.
gov/regs/guide/guidex.htm). All experiments were
approved by the Animal Ethics Committee of Rafsanjan
University of Medical Science (permission no. 9/2330).

Ovariectomy

Animals were anesthetized by intraperitoneal (IP)
injection of xylazine and ketamine (4.5 mg/kg and 90
mg/kg). Then, mice were positioned ventrally and a
ventral incision was made. Then the ovaries and the
surrounding fat were sectioned by cauterization, the
wound was closed, and penicillin (22,000 i.u, kg/day)
was administered for two days after surgery. At the day
of five after surgery, vaginal smears were taken daily
for six consecutive days to verify the termination of
hormonal cycles (24-26).
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Experimental design

Animals were randomly allocated to five groups based
on the intervention as follows (n=10 in each group):

1. Control: ovariectomized animals that were orally
treated with 1 ml saline.

2. VAC: ovariectomized animals that were treated by
VAC extract (80 mg/kg dissolved in 1 ml saline).

3. Estrogen: ovariectomized animals that were
treated with Estradiol valerate (40 pg/kg dissolved in 1
ml saline).

4. Tamoxifen: ovariectomized animals that were
treated with tamoxifen (100 pg/kg dissolved in 1 ml
saline).

4. Tamoxifen +VAC: ovariectomized animals that were
treated with tamoxifen and VAC extract.

The doses of hydro-alcoholic extract of VAC, Estradiol
valerate, and tamoxifen were selected based on the
previous investigations (23, 27). It should be noted that
animals in all groups underwent the permanent middle
cerebral artery occlusion (PMCAO) procedure and drugs
were administered for four weeks prior to the stroke
insult.

PMCAO induction

Anesthesia was done by IP injection of ketamine
and xylazine (90 mg/kg and 4.5 mg/kg). As previously
reported, PMCAO induction was done by occlusion of
the left MCA (28). Briefly, a small incision was made in
the space between the left ear and eye. The temporal
muscle was pulled laterally to expose the skull. Using
a dental drill, a small puncture (1 mm diameter) was
made on the temporal bone above the MCA. The dura
matter was carefully retracted, then the MCA was
cauterized permanently by a thermocoagulator. Finally,
the temporal muscle was replaced, the skin was sutured
and animals were returned to their individual cages.

Behavioral assessment

The sensorimotor function was assessed by the
adhesive removal and wire hanging tests (28, 29).
Animals were examined 24 hr before PMCAO, 24 hr, 48
hr, and one week after PMCAO. Briefly, a small adhesive
tape (1 x 1 cm) was glued to the surface of the right
forepaw, and the latency (in sec) to pull the tape from
the right forepaw was recorded. The wire hanging test
was done on a wire (1 mm diameter) that was stretched
horizontally 50 cm above a cotton pad. The length of
time (in sec) that the mice held onto the wire (latency)
was recorded.

Sample collection

24 hr after the last behavioral test, animals were
anesthetized with diethyl ether and blood samples
were gathered by inducing a puncture in the left cardiac
ventricle (30). The blood was centrifugated for 10 min
at 3000 rpm and serum stored at -20 °C until analysis. In
the end, the brains of mice were isolated immediately.

Measurement of the infarct volume, MMP-9, and IL-10

We have previously reported the infarct volume
measurement (31). In brief, after removing the brain
form the skull, it was cutinto 1 mm thick coronal sections
and merged for 30 min in 2% 2,3,5 triphenyltetrazolium
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Figure 1. Assessing the effects of Vitex agnus-castus (VAC) extract,
estrogen, tamoxifen, and the combination of tamoxifen plus VAC
extract on infarct volume one week after stroke. Data are presented
as means=SEM. *P<0.05 and **P<0.01 vs control group. #P<0.05 and
##P<0.01 vs tamoxifen group

chloride (TTC; Sigma Chemical Co, St Louis, MO, USA)
at 37 °C. Then the sections were immersed in 10%
formalin overnight. The infarct zone was analyzed using
an image analyzer (Image ] software, NIH Image, version
1.61 Bethesda, Maryland, USA). The total infarct area
was calculated by adding the infarct areas of all sections
and multiplied by the thickness of the brain sections to
determine the infarct volume.

The serum levels of MMP-9 and IL-10 were measured
according to the protocol of a commercial ELISA kit (R
and D system, Minneapolis, MN, USA).

Statistical analysis

GraphPad Prism software (version 6) was used
for analysis of data (GraphPad Software San Diego,
CA, USA). One-way ANOVA was used for analysis of
data followed by Tukey’s post hoc test, and they were
expressed as means+SEM. P<0.05 was accepted as a
significant difference.

Effect of VAC extract on infarct volume

Infarct volume percentages are illustrated in Figure 1.
No significant difference was observed between control
and tamoxifen groups. Compared with the control and
tamoxifen groups, VAC extract and estrogen groups
decreased the infarct volume (P<0.05 and P<0.01,
respectively). Co-administration of tamoxifen and VCA
extract did not show any significant effect on infarct
volume in comparison with control and tamoxifen groups.
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Figure 2. The effect of Vitex agnus-castus (VAC) extract, estrogen,
tamoxifen and the combination of tamoxifen plus VAC extract on the
sensorimotor function, which was measured by the adhesive removal
test 24 hr, 48 hr, and one week after the stroke. Data are presented
as means*SEM. *P<0.05 and **P<0.01 vs control group. #P<0.05 and
##P<0.01 vs tamoxifen group
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Figure 3. The effect of Vitex agnus-castus (VAC) extract, estrogen,
tamoxifen, and the combination of tamoxifen plus VAC extract on
grasping ability and forelimb strength of animals, which was measured
by wire hanging test 24 hr, 48 hr, and one week after stroke. Data are
presented as means*SEM. *P<0.05 and **P<0.01 vs control group.
#P<0.05 and ##P<0.01 vs tamoxifen group

Effect of VAC extract on adhesive removal test

Time to remove the small adhesive tape from the
forepaw of the injured hemisphere is presented in
Figure 2. No significant difference between the control
and tamoxifen animals in the sticky test was observed.
VAC-treated animals exhibited a significant reduction
in duration of sticky test one week (all P<0.05) after
the PMCAO procedure compared with the control and
tamoxifen groups. Also, estrogen-treated mice needed
less time to remove the label 48 hr (all P<0.05) and one
week (all P<0.01) after PMCAO procedure compared
with control and tamoxifen groups. In addition, co-
administration of tamoxifen and VCA extract had no
significant effect on the sticky test compared with
control and tamoxifen groups.

Effect of VAC extract on wire hanging test

Grasping ability and forelimb strength after ischemia
was measured by the wire hanging test. There was
no significant difference between the control and
tamoxifen animals in hanging time. The latency of fall
was significantly enhanced in the VAC extract group
48 hr (all P<0.05) and one week after PMCAO (all
P<0.05) compared with the control and tamoxifen
groups (Figure 3). Also, the duration of the hanging test
significantly increased in estrogen-treated animals 24
hr (all P<0.05), 48 hr (all P<0.01), and one week after
MCAO (all P<0.01) compared with control and tamoxifen
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Figure 4. The effect of Vitex agnus-castus (VAC) extract, estrogen,
tamoxifen, and the combination of tamoxifen plus VAC extract on
matrix metalloproteinase-9 (MMP-9) levels. Data are presented as
means+SEM. *P<0.05 and **P<0.01 vs control group
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Figure 5. The effect of Vitex agnus-castus (VAC) extract, estrogen,
tamoxifen, and the combination of tamoxifen plus VAC extract on
interleukin-10 (IL-10) levels. Data are presented as means+SEM.
*P<0.05 vs control group

groups. In addition, co-administration of tamoxifen and
VCA extract had no significant effect on hanging time
compared with control and tamoxifen groups.
Effect of VAC extract on MMP-9 and IL-10 serum levels
MMP-9 level was measured and results are illustrated
in Figure 4. No significant difference was observed
between the control and tamoxifen animals in MMP-9
serum levels. VAC extract and estrogen groups decreased
MMP-9 serum level compared with the control group
one week after MCAO (P<0.05 and P<0.01, respectively).
Also, the serum level of IL-10 was investigated (Figure
5). No significant difference between the control and
tamoxifen animals in the serum level of IL-10 was
observed. VAC extract and estrogen groups significantly
increased the levels of IL-10 compared with the control
group one week after the stroke (all P<0.05). In addition,
co-administration of tamoxifen and VCA extract had no
significant effect on the serum levels of MMP-9 and IL-
10 compared with control and tamoxifen groups.

Discussion

Our results demonstrated that administration of VAC
extract ameliorates the deleterious effects of cerebral
ischemia by reducing the infarct volume and sensory-
motor disorder as well as MMP-9 level and increasing
the serum level of IL-10.

Our results indicated that VAC extract alone, similar
to estrogen, reduced the infarct volume. On the other
hand, co-administration of tamoxifen and VCA extract
did not reduce infarct volume. Our data are in line
with the results of previous reports that demonstrated
the protective effects of phytoestrogens in different
models of strokes. A study indicated that the infarct size
shrinks significantly in the focal stroke, in animals that
received only two weeks of soy-rich diet compared with
animals that were fed the low-soy diet (32). Researchers
have demonstrated that phytoestrogens treatment
in cerebral ischemia reduces the oxidative stress and
neuronal degeneration (13). Wang et al. have shown
that Biochanin A, a natural isoflavonoid classified as a
phytoestrogen, has neuroprotective effects on cerebral
ischemia/reperfusion in rats (33).

Adhesive removal and wire hanging behavioral
tests indicated that VAC extracts like estrogen improve
behavioral functions. In addition, co-administration
of tamoxifen and VCA extract has no effects on sticky
and wire-hanging tests. There is little research review
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showing the effect of phytoestrogens on neurological
deficits after stroke. In parallel with our findings, Huang
et al. have suggested that phytoestrogens improve
neurological performances in temporary middle
cerebral artery occlusion (34).

Matrix Metalloproteinases (MMPs) have roles
in the pathogenesis of cerebral ischemia such as
inflammation, disruption of brain blood barrier (BBB),
and oxidative stress (28). It has been reported that
estrogen may prevent BBB disruption through MMPs
inhibition in focal cerebral ischemia (35). Our data
showed that the MMP-9 level is increased after the
induction of PMCAO. Moreover, the MMP-9 level was
declined in ischemic animals treated with VAC extract or
estrogen. Furthermore, co-administration of tamoxifen
and VCA extract has no effects on MMP-9 level. Thus,
it can be suggested that vitex extract also contributes
to the reduction of MMP-9 level and can prevent BBB
disruption by affecting estrogen receptors. However,
this has to be demonstrated by further studies.

We also examined the level of the anti-inflammatory
cytokine, IL-10. VAC extract significantly increased
the level of IL-10. This effect was similar to estrogen.
Moreover, co-administration of tamoxifen and VAC
extract has no effects on IL-10 level. This finding also
confirms that VAC extract increases the level of IL-
10 through its estrogenic properties. The effect of
phytoestrogens on IL-10 has already been reported
and in agreement with our finding genistein (a
phytoestrogen) regulates the expression of IL-10 by
stimulated murine splenocytes (36).

Conclusion

To the best of our knowledge, this is the first
investigation that evaluated the use of VAC in reducing
the deleterious outcomes of the PMCAO model. Based on
our current findings and other investigators’ findings,
VAC has neuroprotective effects and can reduce stroke
injuries by estrogenic and anti-inflammatory effects.
Thus, VAC extract can be taken into account as a potential
complementary therapeutic compound in the treatment
of stroke in menopause.
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