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Introduction: The increasing cases of Alzheimer Disease (AD) has caused numerous 
problems. The risk of developing AD increases in menopausal women, too. Apigenin and 
β-estradiol are effective antioxidant and neuroprotective agents. We conducted the present 
study to explore their combined effects on β-amyloid plaque formation, memory, and learning 
in ovariectomized rats.

Methods: Forty-two Wistar rats were randomly assigned into 6 groups: 1) ovariectomized 
(OVX), 2) OVX + apigenin, 3) OVX + β-estradiol, 4) OVX + apigenin + β-estradiol, 5 &6) 
vehicle shams for E2 and API , and 7) surgical sham. Treatment was done with apigenin and 
β-estradiol. Then, we studied the formation of β-amyloid plaques, neuronal density in the 
hippocampus area, apoptosis, memory, and learning.

Results: Findings showed the significant formation of β-amyloid plaques in the hippocampus 
of OVX animals and their memory impairment. Apigenin and β-estradiol significantly reduced 
the number of β-amyloid plaques, as well as the symptoms of memory impairment and 
learning, and decreased the expression of caspase-3 in treated animals.

Conclusion: Accordingly, β-estradiol and apigenin could have more potent therapeutic 
effects on AD.
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1. Introduction

eurodegenerative Diseases (ND) are age-
dependent. Other factors, including genet-
ics and gender, also affect the incidence, 
severity, response to treatment, and mortal-
ity. Cellular and molecular changes have 
been reported previously. The formation 
of β-amyloid plaques, changes of dendritic 

and synaptic structures, and neuronal death has been 
reported in AD (Cheng & Li, 2014; Lee, Park, Koh & 
Choi, 2017). AD starts around 60- 65 years old with clin-
ical symptoms, such as memory and speech impairment, 
psychological and psychiatric changes. Studies have 
emphasized the role of β-amyloid plaques in the cortex 
and hippocampus, leading to AD symptoms (Hatashita 
& Wakebe, 2019; Boumenir et al., 2019; Wang et al., 
2011; Prakash & Kumar, 2014). Memory impairment 
and cognitive dysfunction in AD are associated with cel-
lular and molecular changes in the hippocampus (Krish-
nan, Slavin, Tran, Murali Doraiswamy & Petrella, 2006; 
Giffard, Desgranges & Eustache, 2005). Other factors, 
including oxidative stress, vascular, metabolic, hormon-
al, and neurotransmitter changes, influence the forma-

tion of β-amyloid plaques and Neurofibrillary Tangles 
(NFTs). The neuroprotective effect of ovarian sex ste-
roids has been mentioned in several studies (Jameei, 
Nouyan-Ashraf & Behzadi, 2004; Jameie et al., 2016). 
These hormones easily pass through the blood-brain bar-
rier and affect nervous tissue (Sandoval & Witt, 2011). 
The level of circulating sex hormones affects physiopa-
thology, symptoms, severity, and treatment of ND (Vest 
& Pike, 2013; Pike, Carroll, Rosario & Barron, 2009). 
Epidemiological studies have revealed that the incidence 
of ND, such as Parkinson Disease (PD), Multiple Scle-
rosis (MS), and Alzheimer Diseases (AD), are associated 
with changes in the circulating sex hormones, i.e., they 
are more prevalent in menopause women (Vegeto, Ben-
edusi & Maggi, 2008; Bhavnani, 2003). Therefore, the 
neuroprotective role of these hormones for the treatment 
of the ND such as AD has been highlighted (Zandi et 
al., 2002; Henderson et al., 2005). Regarding the role of 
free radicals and oxidative stress in the pathophysiology 
of ND, attention has paid recently to the importance of 
the use of antioxidants agents in ND therapy (Giordano, 
Darley-Usmar & Zhang, 2014; Calabrese et al., 2009). 
Apigenin, is an effective ingredient of the chamomile 
plant and a neuroprotective flavonoid that has antioxi-

Highlights 

● Β-Amyloid formation is the key pathological feature in the brain of patients with AD. 

● AD leads to decrease cognitive functions including, memory and learning. 

● Decreases or ceases of ovaries' function during the conditions such as menopause were reported to increase the risk 
of AD. 

● Current therapies for AD are still not enough effective. 

● Using female sex steroid hormones and herbal antioxidants recently considered as an effective treatment for AD. 

Plain Language Summary 

Improving living conditions, solving health and nutrition problems, and finding therapies for many diseases in devel-
oped and developing countries have increased life expectancy and longevity. Because of increasing life expectancy, the 
prevalence and incidence of some age-related or age-dependent diseases have also increased. These include neurode-
generative diseases such as Alzheimer's disease. Alzheimer's disease has become a severe health problem in many so-
cieties, affecting the patient and his family and causing many social and economic problems. Unfortunately, at present, 
there is no medical treatment for this disease. All therapeutic efforts mainly focus on slowing down the disease besides 
these medical rehabilitation services to help the patient and his family. Research has shown that with the onset of meno-
pause, the risk of developing Alzheimer's disease increases with decreasing the protective role of female sex hormones. 
Hormone therapy such as using beta-estradiol was considered previously. Other research has shown that plant-based 
antioxidants also have therapeutic effects. Accordingly, the authors of the present paper hypothesized that the simulta-
neous use of beta-estradiol and apigenin might have more therapeutic effects in reducing the symptoms of the disease.
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dant and anti-inflammatory properties. Regarding the neu-
roprotective role of the ovarian sex hormones and the anti-
oxidant effects of apigenin, the present study was designed to 
find the combined effects of exogenous β-estradiol hormone 
and apigenin on the formation of β-amyloid plaques in the 
hippocampus and memory and learning deficiency in adult 
menopause rats. 

2. Methods

2.1. Animal model

Forty-two adult female rats (weight: 200-250 g) were used 
in this study and randomly divided into seven groups: 1) 
ovariectomy (OVX), 2) OVX with β-estradiol (OVX + E2), 
3) OVX with apigenin (OVX + API), 4) OVX with apigenin 
and β-estradiol (OVX + E2 + API), 5 &6) vehicle shams for 
E2 and API, and 7) surgical sham. All study procedures were 
done by the ethical code (IR.IUMS.REC 1396.327 24) of 
research and animal rights approved by Neuroscience Re-
search Center. 

2.2. Ovariectomy (OVX) 

Bilateral ovariectomy was performed under anesthesia 
and sterile condition similar to previous studies (Baeza, De 
Castro, Giménez-Llort & De la Fuente, 2010). Histological 
study of the ovaries and the plasma level of ovarian hor-
mones was performed to verify the model.

2.3. Administration of β-estradiol and apigenin

We administered 10 μL β-Estradiol (Sigma E8875) contain-
ing 20 μg of β-estradiol soluble in sesame oil intramuscularly 
three weeks after ovariectomy. Sesame oil injection in this 
group was performed only once a week after ovariectomy 
and the first stage of the Morris Wter Maze test (MWM). The 
steps were as follows: 1) ovariectomy, 2) the first stage of the 
Morris test, 3) injection for 5 weeks, and 4) the second stage 
of the Morris test.

We used 33 μL apigenin (Sigma A3145) containing 2 mg 
of apigenin, solved in ethanol, and injected intraperitoneally 
for 5 weeks with an interval of 3 days. The OVX + E2 + Api 
group received the compounds simultaneously. The vehicle 
sham group received only the solvents. The surgical sham 
group underwent surgery without removing ovaries. Imme-
diately after the end of the injection period, the second stage 
of the MWM was performed for memory evaluation. Af-
terward, the animals were transcardially perfused and fixed 
(4% paraformaldehyde in PBS 0.1 M/ pH of 7.4); their brains 
were removed and cross-sectioned with a thickness of 10 µ 
prepared using freezing microtome based on the Paxinos Rat 
Brain Atlas. 

2.4. Microscopic study

Nissl staining was used to study the neuronal count and 
density in the hippocampus area. To count and identify 

β-amyloid plaques, the Congo red staining was used. 
Using the ImageJ software, counting of neurons and 
β-amyloid plaques was done in the right and left hip-
pocampus areas.

2.5. Behavioral study

MWM was used to study learning and memory. The 
first stage was done three weeks after the ovariectomy 
for 4 consecutive days, comprising three days of training 
and one day of the test. The first three days of the test, 
for training and learning, were performed on all animals. 
Then the animals were grouped, and the fourth day of the 
test, which was the first stage of remembering (probe 1), 
was performed on animals of other groups. After admin-
istering the drug and at the end of the treatment period, 
the second stage of the MWM (probe 2) was carried out.

2.6. Molecular study

2.6.1. Western blotting

The cortex and the hippocampus areas were homog-
enized by an ice-cold buffer (0.1% SDS, 0.1% Na de-
oxycholate), 10 mM Tris–HCl (pH 7.4), 1 mM EDTA, 
1% NP-40 with protease inhibitors (2.5 mg/mL of leu-
peptin, 1 mM phenylmethylsulfonyl fluoride, 10 mg/
mL of aprotinin), and 1 mM sodium orthovanadate. The 
homogenized solution was centrifuged at 14000 rpm at 
4ºC for 15 min. The next supernatant, as the cell frac-
tion, was retained. The Bradford method was used to 
measure protein concentrations (Bio-Rad Laboratories, 
München, Germany). The same quantities of protein 
were resolved electrophoretically on a 9% SDS-PAGE 
gel and transferred to nitrocellulose membranes (Hy-
bond ECL, GE Healthcare Bio-Sciences Corp., Piscat-
away, NJ, USA). After blocking (overnight at 4ºC) with 
5% non-fat dried milk in Tris-buffered saline with Tween 
20 (blocking buffer, TBS-T, 150 mM NaCl, 20 mM Tris-
HCl, pH 7.5, 0.1% Tween 20), the membranes were ex-
plored with caspase-3 rabbit polyclonal antibody (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), 1:500 for 
1 h at room temperature. After being washed in TBS-T 
(three times, 5 min), the blots were incubated at room 
temperature for 60 min with HRP conjugated secondary 
antibody (1:15000, GE Healthcare Bio-Sciences Corp.). 
The antibody was diluted in the blocking buffer. The an-
tibody-antigen complexes were discovered by the ECL 
system and exposed to Lumi-Film Chemiluminescent 
detection film (Roche Applied Science, Mannheim, Ger-
many). For exploring the intensity of expression, the Lab 
Work analyzing software was used (UVP, Cambridge, 
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UK). β-Actin immunoblotting (Cell Signaling Technol-
ogy, Inc.; 1:1000) was used as a loading control.

2.6.2. Statistical analysis

The obtained data were analyzed in SPSS v. 21 and 
Prism 5. Two-way Analysis of Variance (ANOVA) was 
used to assess memory and learning in animals, and 
1-way ANOVA to analyze the results of the research 
hypotheses. Density values of caspase-3 and β-actin 
proteins were measured by band densitometry. For each 
sample, these values were calculated from the ratio of 
the desired protein to β-actin. The results were ana-
lyzed by 1-way ANOVA and then by the Student-New-
man-Keuls test. The study findings were presented as 
Mean±Standard Deviation (SD), and P values less than 
0.05 are considered significant.

3. Results

3.1. β-Amyloid plaque count

β-Amyloid plaques formation in the right and left hippo-
campus is shown in Figures 1 & 2. The number of plaques 
in the right and left hippocampus in the OVX+Api, OVX+ 
E2, and OVX+E2+Api groups were significantly lower 
than OVX animals (P<0.05) (Figure 3 A & B). In Figure 4, 
the results were compared in two areas of the left and right 
hippocampus in all groups. Accordingly, the best therapeu-
tic results were observed in OVX+ Api+ E2 (P<0.05).

3.2. Neuronal count

Live and necrotic neurons in the hippocampus were 
studied by Nissl staining. As it is shown in Figure 5, the 
decreased number of live neurons and increased num-

Figure 1. Congo Red Staining in the Right Hippocampus Area for OVX, OVX+ Api, OVX+ E2, and OVX+E2+Api, Black Ar-
rows Showing β-Amyloid Plaques

OVX: Ovariectomy; Api: Apigenin; E2: β-estradiol.
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ber of necrotic neurons in the hippocampus was signifi-
cant following OVX. Comparing the results for OVX to 
OVX+ Api, OVX+ E2, OVX+ E2 + Api showed signifi-
cant effects of administration of OVX+ E2 + Api. The 
best results were seen in the animals treated with api-
genin and β-estradiol simultaneously (Figure 6A & B). 

3.3. Results of Morris Water Maze (MWM) test 

The distance traveled and the time spent to reach the 
hidden platform has been declined significantly in all 
OVX groups comparing to surgical sham animals within 
three days (P<0.05, Figure 7A & B). Analysis of data 

Figure 2. Congo Red Staining in Left Hippocampus Area for OVX, OVX+ Api, OVX+ E2, and OVX+E2+Api, Black Arrows 
Showing β-AmyloidPlaques

OVX: Ovariectomy; Api: Apigenin; E2: β-Estradiol.
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Figure 5. Nissl staining in hippocampus for OVX, OVX+E2, OVX+Api, and OVX+E2+Api, red arrows showing live neurons 
and red arrowheads showing the dead cells

OVX: Ovariectomy; Api: Apigenin; E2: β-Estradiol.
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from probe 2 of remembering in OVX, OVX+Api, 
OVX+ E2, OVX+E2+Api, OVX+ E2 vehicle, and 
OVX+ Api vehicle showed no difference between the 
OVX and E2 groups in terms of time duration in the 
target quadrant. However, a comparison of OVX+ Api 
and OVX+Api+E2 groups with the OVX group showed 
that the time elapsed in the target quadrant increased 
under the influence of treatment. However, this increase 
was only significant for the combined apigenin and 
β-estradiol group (P<0.05, Figure 8A). Figure 8B shows 
the comparison between the times elapsed in the target 
quadrant between the first and second steps of remem-
bering. As the Figure shows, the OVX+Api+E2 animals 
in the second stage spent more time in the target quarter, 
indicating a better effect of the combination of E2 and 
apigenin on memory and learning than OVX, OVX+E2, 
and OVX+ Api groups (P <0.05, Figure 8A). 

3.4. Molecular results

Figure 9 shows a representative Western blot of cas-
pase-3 expression in the hippocampus of different 
groups. OVX activated caspase-3 in the hippocampus, 
and administration of E2 + apigenin inhibited caspase-3 
activation. As this Figure shows, the amount of cleaved 
caspase-3 in the hippocampus of ovariectomized ani-
mals was higher than the treated groups (P<0.05). In the 
E2 group, as well as the apigenin, the amount of cas-
pase-3 decreased significantly. In the E2 + Api group, 
the caspase-3 decrease rate was the highest (P<0.001). 

4. Discussion

The significant difference in the formation of β-amyloid 
plaques in the hippocampus was seen between OVX and 
treated groups. These results indicate that β-estradiol and 
apigenin may inhibit the formation of β-amyloid plaques 
with better results in E2 + Api treated animals. Our 
study showed that ovarian hormones deprivation plays 

Jameie, S. B., et al. (2021). Apigenin and β-Estradiol to Inhibit β-Amyloid Formation. BCN, 12(3), 383-394.

Figure 6. Nissl staining for live (A) and necrotic neurons (B) in hippocampus

OVX: Ovariectomy; Api: Apigenin; E2, β-Estradiol.

A B

Figure 7. The results for MWM test,

A: The distance traveled; B: time spend to reach hidden platform (probe 1, before any treatment) shown between OVX and 
surgical sham animals. 

OVX: Ovariectomy; Api: Apigenin; E2: β-Estradiol.
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an essential role in the formation of β-amyloid plaques. 
Nilsen et al. (2006) reported that the treatment with 
β-estradiol significantly reduced β-amyloid plaques in 
the hippocampus area (Nilsen, Chen, Irwin, Iwamoto & 
Brinton, 2006). In a study on 82 postmenopausal wom-
en to examine their sexual hormones balance, the inci-
dence of dementia increased in whom that the level of 
hormones had decreased more (Robusto-Leitao & Fer-

reira, 2006). The long-term decline in ovarian function 
reduces the choline acetyltransferase function. In other 
words, β-amyloid prevents acetylcholine secretion and 
choline absorption in different parts of the hippocampus. 
The results of various studies indicate that β-amyloid 
can worsen cholinergic secretion due to long-term sex 
steroid deprivation that leads to β-amyloid plaque for-
mation (Baeza et al., 2010). Clinical studies confirm that 

Figure 8. Time duration in the target quadrant

A: Probe 2; and B: Comparison of the time duration in the target quadrant, between probes 1 and 2 in all groups

OVX: Ovariectomy; Api: Apigenin; E2: β-Estradiol.

Figure 9. The activation of caspase-3 protein in hippocampus by OVX

Each value represents the Mean±Standard Error of the Mean (SEM) band density ratio for each group. β-Actin was used as an 
internal control. Each experiment was performed three independent times. 

+++P<0.001; ++P<0.01significantly different versus OVX.

OVX: Ovariectomy; Api: Apigenin; E2: β-Estradiol.
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estrogen therapy in postmenopausal women decreases or 
delays the risk of developing AD. In 1999, Yamada et al. 
reported the role of estrogen therapy in improving AD. 
They showed that estrogen reduces memory and learn-
ing impairment in ovariectomized rats and reduces the 
neuronal death and number of β-amyloid plaques (Ya-
mada et al., 1999). AD may be more destructive in wom-
en, which can be due to gender differences. The plasma 
estrogen level in women with AD was reported to be less 
than women who do not suffer from this disease and are 
matched in age. Therefore, short-term use of β-estradiol 
can reduce the risk of β-amyloid formation among meno-
pausal women (Craig, Hong & McDonald, 2011). The 
well-known neuroprotective effect of sex steroids could 
consider the hypothesis in reducing the incidence of AD. 
Pike et al. showed that β-estradiol inhibits apoptosis via 
reducing cell death induced by glutamate. Jameie et al. 
showed that neural changes following sex steroid depri-
vation, including neuronal death and changes in dendritic 
structures, are reversible (Jameie et al., 2016). Moreover, 
estrogen reduces the formation of the primary amyloid 
protein through the protein kinase, a potent activator of 
the non-amyloid process (Pike et al., 2009). β-Estradiol 
reduces the production of β-amyloid plaques via act-
ing against oxidative stress by regulating mitochondrial 
function (Amtul, Wang, Westaway & Rozmahel, 2010). 
The insulin-degrading enzyme is an essential factor in 
the degradation of β-amyloid plaques, which is regu-
lated via the PI3K/AKT/mTOR pathway (Guo, Xi & Li, 
2019). The presence of β-estradiol is essential for regu-
lating brain-derived neurotrophic factor which is widely 
distributed in the brain, especially in the hippocampus 
that plays a role in memory (Zhao, Zheng, Xu & Lin, 
2019). Apigenin is well known for its anti-oxidant, anti-
inflammatory, anti-carcinogenic, and inhibitory effects 
for pro-inflammatory mediators (Venigalla, Sonego, Gy-
engesi & Münch, 2015). Apigenin improves the cholin-
ergic transmission and protects the strength and integrity 
of the blood-brain barrier against β-amyloid injection. 
In addition, apigenin plays a vital role in reducing the 
level of the primary β-amyloid protein and preventing 
the accumulation of β-amyloid in different brain areas 
(Zhao, Woody & Chhibber, 2015). Electrophysiological 
studies have shown that apigenin regulates the neuronal 
transfer of GABA and glutamate. It affects synaptic re-
ceptors and modulates the function of GABA receptors. 
Apigenin also acts against glutamate-induced poisoning 
(Losi, Puia, Garzon, de Vuono & Baraldi, 2004). It also 
enhances the antioxidant activity of the superoxide en-
zyme. Zhao et al. (2013) argued that apigenin protects 
neurons against direct poisoning with β-amyloid through 
the mechanism of the antioxidative reaction, maintain-

ing the mitochondrial function, and preventing cell 
death (Zhao, Wang, Wang & Fa, 2013). Venigalla et al. 
(2015) reported the anti-inflammatory role of apigenin. 
Regarding anti-inflammatory effects, apigenin inhibits 
inflammatory proteins such as Interleukin (IL)-6, IL-1β, 
and tumor necrosis factor-α by deactivating NF-κB. By 
inhibiting the cytochrome C release, apigenin protects 
against apoptosis induced by caspase-3 and caspase-7.

5. Conclusion 

Concurrent use of hormone therapy and antioxidants 
can adjust the cognitive dysfunction in AD during meno-
pause, and it is the promising result of this study that 
requires more research.
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