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SUMMARY
Decreasing estrogen levels are associated with 

an increased risk of dementia and Alzheimer’s 
disease (AD) in postmenopausal women. We 
used ovariectomized (OVX) rats as a model for 
postmenopausal women. Our studies showed 
that a high daily dose of 100 mL/kg body weight 
of young coconut juice (YCJ) helped prevent 
AD pathologies. We investigated the optimal 
dose for the neuroprotective effects of YCJ that 
would have least side effects following prolonged 
consumption and the neuroprotective effects of 
the YCJ acted via choline acetyltransferase (ChAT) 
and N-methyl-D-aspartate receptors (NMDAR1). 
Our results showed that rats receiving YCJ at a 
dose of 10 mL/kg BW/d had the least side effects 
in their liver and kidney. The ovariectomized rats 
that were given 10 mL/kg BW/d (OY10) and 20 mL/
kg BW/d (OY20) of YCJ demonstrated significantly 
(p<0.05) higher vaginal scores, as compared to 
the control ovariectomized (OW) group, showed 
proestrus and estrus stages continuously 
throughout the ten weeks. A significant (p<0.05) 
increase was observed in the number of ChAT-

ir, NMDAR1-ir, ERα-ir, and ERβ-ir pyramidal 
neurons in CA1, CA2 and CA3 hippocampal areas 
(HP) and prefrontal cortex (PF) brain regions 
following administration of YCJ. Moreover, there 
was a significant positive correlation among those 
number of ChAT-ir, NMDAR1-ir, ERα-ir, and ERβ-ir 
neurons.  Our study indicated that YCJ at the lowest 
dose of 10 mL/kg BW/day has estrogenic effects 
using primarily screening vaginal smear, a test of 
epithelial cell changes in response to alterations 
in the concentration of the ovarian hormone. 
The mechanism of YCJ on preserving neuronal 
cells and prevent Alzheimer’s pathologies, ChAT, 
and NMDAR1 antibodies were also investigated.  
Estrogenic effects of YCJ were also confirmed 
using estrogen receptor (ERα and ERβ) antibodies. 
In brief, YCJ has neuroprotective effects by 
preserving ChAT-ir and NMDAR1-ir neurons via 
ERα and ERβ.

Key words: Estrogen – Menopause – Young 
coconut juice – ChAT – NMDAR1 – Estrogen 
receptors

Corresponding author: 
Dr. Nisaudah Radenahmad. Division of Health and Applied Sciences, 
Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla, 
Thailand. E-mail: nisaudah.r@psu.ac.th

Submitted: November 13, 2020. Accepted: January 30, 2021



Young coconut juice prevents neuronal cell death via ChAT, NMDAR1, and estrogen receptors in the hippocampus and prefrontal cortex of ovariectomized rats

408

INTRODUCTION
Dementia is a significant cognitive impairment, 

and Alzheimer’s disease (AD) is one of the leading 
causes of disability in postmenopausal women, 
a period when circulating estrogen is reduced 
(van Dijk et al., 2015). AD is a neurodegenerative 
disorder of the brain that progresses slowly 
characterized by the formation of amyloid beta 
(Aβ) and neurofibrillary tangles (Sezgin and 
Dincer, 2014).

Acetylcholine modulates cognitive performanc-
es, learning, and memory processes. Impaired 
cortical cholinergic neurotransmission may also 
contribute to Aβ plaque and neurofibrillary tangles 
in AD (Ferreira-Vieira et al., 2016). Several studies 
reveal that ovariectomy induces pathology of AD 
and causes changes in cholinergic systems. Schli-
ebs and Arendt (2006) found a correlation between 
clinical dementia ratings and reductions in the 
numbers of cortical cholinergic markers such as 
choline acetyltransferase (ChAT), muscarinic and 
nicotinic acetylcholine receptor binding sites, as 
well as in the levels of acetylcholine. Carroll et al. 
(2007) found that ovariectomy-induced depletion 
of sex steroid hormones in adult female 3xTg-AD 
mice significantly increased amyloid-beta accu-
mulation and worsened memory performance. 
However, treatment of these ovariectomized mice 
with estrogen, but not progesterone, prevented 
these effects. According to Szego et al. (2011), es-
trogen-pretreatment on Aβ-induced cholinergic 
neurodegeneration in the nucleus basalis magno-
cellularis (NBM) decreased cholinergic neuron loss 
and partly prevented fiber degeneration. Another 
group of researchers found that hormone replace-
ment therapy (HRT) in OVX rats increased ChAT 
protein levels in the hippocampus (HP) and pre-
frontal cortex (PF) (Bohacek et al., 2008).

The short-term release of glutamate is involved 
in learning and memory (Collingridge and Singer, 
1990). Glutamatergic neurotransmission in the 
neocortical regions and the hippocampus is 
severely disrupted in AD (Greenamyre, 1986; 
Maragos et al., 1987; Palmer and Gershon, 1990). 
It has been reported that an Aβ peptide blocks 
glutamate uptake, thus induces an increase of 
extracellular glutamate (Fernandez-Tome et al., 
2004). Consequently, the extracellular glutamate 

level elevation induces excessive over stimulation 
of the N-methyl-D-aspartate receptors (NMDAR), 
which can trigger an intracellular Ca2+ influx 
leading to neuronal cell death (Lauderback et al., 
2001).

The use of estrogen-based HRT in postmeno-
pausal women can reduce the risk of AD but can 
also increase the risk of certain diseases like 
breast cancer (Bitzer et al., 2008), ovarian cancer 
(Zhou et al., 2008), and endometrial cancer (Mc-
Cullough, 2008). Therefore, phytoestrogen could 
be a candidate for a safer alternative for exog-
enous estrogen in replacing HRT. Our previous 
studies have shown that young coconut juice (YCJ) 
(Cocos nucifera L., Arecaceae), known to contain 
β-sitosterol (Rattanaburee et al., 2014) delayed AD 
pathologies (Radenahmad et al., 2011) and pre-
vented neuronal cell death (Radenahmad et al., 
2009; Payanglee et al., 2017). In the present study, 
we further investigated the neuroprotective ef-
fects of YCJ in preserving neuronal cells via ChAT 
and NMDAR1 that represent the cholinergic and 
glutamatergic systems in the HP and PF. These ar-
eas are involved in cognitive function and spatial 
memory. Besides, we also investigated the opti-
mal neuroprotective dose of YCJ that would cause 
the least side effects following its prolonged con-
sumption by lowering the concentration of YCJ 
from 100 mL/kg BW to 10 mL/kg BW, 20 mL/kg 
BW, and 40 mL/kg BW.

MATERIALS AND METHODS

YCJ preparation

A large volume of YCJ was collected from Khlong 
Hoi Khong district, Hat Yai, Songkhla, Thailand.  
It was then dried, and the powder formed was 
kept at -30°C until used. The powder was freshly 
reconstituted and prepared daily for the oral 
intake. A complete description of YCJ, including its 
preparation and administration, is provided in our 
previous publication (Radenahmad et al., 2006).

Animals 

Adult female Wistar rats (8-month-old and 
250-300 g bw) were purchased from Mahidol 
University, Salaya campus. The animals were 
maintained on standard food pellet housed 



	 Kolip Payanglee et al

409

in a room free from any source of chemical 
contamination, artificially illuminated (12h 
dark/light cycle) and thermally controlled (25 
± 1°C) and humidity (50 ± 5%) at the Animal 
House Laboratory, Faculty of Science, Prince 
of Songkla University, Hat Yai, Songkhla, 
Thailand. All animals were received humane 
care in compliance with the guidelines of the 
Animal Care and Use Committee of Prince of 
Songkla University and the National Institutes 
of Health (NIH publication 86-23 revised 1985. 
The protocol was approved under the license 
number 04/57).

Experimental design

A total of seventy rats were randomly divided 
into seven groups (Table 1a), with ten rats per 
group such as the first group, the baseline (BL); 
second, the sham-operated (SW); third, the OVX 
rats (OW); and the fourth, the OVX rats injected 
with exogenous estrogen (2.5 µg/kg BW), a dose 
of estradiol benzoate for three days a week (OB) 
given was the same as in the previous studies 
(Radenahmad et al., 2009; 2011). The fifth, sixth, 
and seventh groups consisted of OVX rats daily 
received 10 (OY10), 20 (OY20), and 40 (OY40) mL/
kg BW/day of YCJ, respectively. The administration 
of EB and YCJ started one week after the 
ovariectomy was performed.  SW and OW rats were 
forced-fed with injection vehicle (reverse osmosis 
water) instead. YCJ were treated once a day every 
day, began one week following ovariectomy. After 
ten weeks of feeding and injection treatment, the 
rats were sacrificed; the brains were fixed with 
10% neutral formalin, processed through paraffin 
sectioning and immunohistochemical staining.  
Serum was collected for estradiol measurements 
using the chemiluminescent immunoassay (CIA) 
technique (ECLIA, Modular E 170C, Estradiol II 
03000079 122, Roche, Germany).

Evaluation of the estrous cycle

Examining the effect of the estrogen-like-
compound inYCJ on the vagina was performed 
using vaginal smears (Marcondes, 2002). Vaginal 
secretions were collected with a plastic pipette 
filled with 10 µL of normal saline.  The samples 
containing cells were placed on microscopic glass 

slides and air-dried prior to staining and then 
stained with the Papanicolaou (Pap) stain before 
being examined with a light microscope. Scoring 
of vaginal smears was performed as follows:

Estrous cycle Scores 

Proestrus 3

Estrus 2

Metestrus 1

Diestrus 1

Immunohistochemistry

Fourteen 5-µm-thick sections collected from 
each block were prepared for cresyl violet stain and 
immunostaining (Table 1b). For immunostaining, 
the glass slides were coated by poly-L-lysine 
solution. Sections of uterus and ovary from normal 
female rats were used as positive controls for ERα, 
and ERβ immunostaining, respectively, and the 
staining process was performed according to the 
method previously described (Radenahmad et 
al., 2009; 2011; 2012). Please see the details of 
all antibodies, concentration, and manufacturer 
used for brain sections of each rat in Table 1b.

Quantitative analysis of immunoreactive cells

The total number of immunoreactive cells from 
the prefrontal cortex (PF) and the hippocampus 
(CA1, CA2, and CA3) were counted under light 
microscopy (LM) with 40x magnification power. 
The counting was performed by two blinded 
observers on each slide’s ten random fields using 
an image analysis system (Samba microscopic 
image processor; Samba Technologies, Meylan, 
France). Readings from three sections pertaining 
to each antibody were averaged and expressed as 
the mean number of immunoreactive cells/mm2.

Statistical analysis 

Shapiro-Wilk test was applied to test the normal 
distribution.  Statistical analysis was performed 
using the One-way ANOVA followed by LSD test 
available in the statistical program SPSS version 
16.0 (SPSS, Inc., Chicago, IL, USA). Altman’s 
nomogram was used for calculations of sample 
size.   Random selection of the microscopic fields 
was achieved using a computer-generated list 
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of random numbers (Excel version 5.0). Results 
were expressed as mean ± SEM, and p<0.05 was 
considered significant.

RESULTS

Vaginal smear 

The proestrus smear had a predominance 
of nucleated epithelial cells with a blue-purple 
stained nucleus and light pink stained cytoplasm 
(Fig. 1A, proestrus).  A predominance of cornified 
cells was found in estrous smear (Fig. 1A, estrus). 
The metestrus smear showed densely packed 
leukocytes with blue-purple stained nucleus and 
a small cytoplasm and a few cornified cells (Fig. 
1A, metestrus). The diestrus smear had only 
scattered nucleated epithelial cells consisting 
almost entirely of leukocytes (Fig. 1A, Diestrus).

As determined by vaginal smear cytology, all rats 
of the sham group (SW) exhibited four stages of the 
estrous cycle with an average score of 2.00±0.05, 
which was significantly higher than that of OW 
(1.17±0.02), OB (1.58±0.06), OY10 (1.24±0.03), 
OY20 (1.33±0.04) and OY40 (1.17±0.04) at p<0.05.

As determined by vaginal smear cytology, all rats 
exhibited four stages of the estrous cycle except 
the ovx rats (OW group), which was persistently in 
metestrus/diestrus. The average score of the SW 
group = 2.00±0.05, which was significantly higher 
than that of OW (1.17±0.02), OB (1.58±0.06), 
OY10 (1.24±0.03), OY20 (1.33±0.04), and OY40 
(1.17±0.04) at p<0.05. 

In summary, the average for the vaginal smear 
scoring of the estrus cycle for 70 days of the SW 
group was significantly (p<0.05) the highest, as 
compared to other groups (Figs. 1A, 1B). The OW 
group scores were significantly (p<0.05) lower 
compared to the OB, OY10, and OY20 groups. 
Vaginal smear scoring of the OB group was 
significantly (p<0.05) higher compared to the 
OY10 and OY40 groups. Surprisingly, the OY40 
group scores were significantly (p<0.05) lower 
than those of the OY10 and OY20 groups.

Serum E2 level

The serum E2 level of the BL group was 
significantly (p<0.05) higher when compared to 
all the other groups, except for the SW group (Fig. 

Table 1. Animal grouping (a); and antibodies, concentration, and manufacturer used for brain sections of each rat (b).

a. Animal grouping (10 rats per group)

Groups Treatments

BL Normal (normal control)

SW Sham-operated, received reverse-osmosis water (sham control)

OW Ovariectomized, received reverse-osmosis water (ovariectomized control)

OB Ovariectomized, and injected with estradiol benzoate (EB, 2.5 µg/kg BW) 3 days a week, for 10 wks

OY10 Ovariectomized, received YCJ at 10 mL/kg BW/d for 10 wks

OY20 Ovariectomized, received YCJ at 20mL/kg BW/d for 10 wks

OY40 Ovariectomized, received YCJ at 40mL/kg BW/d for 10 wks

b. Immunostaining for each rat brain

Section No. Staining

1 Cresyl violet, for histological orientation 

2-4 Anti-ChAT antibody, 1:1,000 diluted (MAB5270-50UG[formerly Roche 1464272], EMD Millipore Corporation, 
Temecula, CA, USA)

5-7 Anti-NMDAR1 antibody, 1:2,000 diluted (MAB363, EMD Millipore Corporation, Temecula, CA, USA)

8-10 Anti-estrogen receptor α (aa-120-170) antibody, 1:500 diluted (MAB447, EMD Millipore Corporation, Temecula, 
CA, USA)

11-13 Anti-estrogen receptor β antibody, 1:2,000 diluted (PA1-310B, Thermo Fisher Scientific, Rockford, IL, USA) 

14 Immunostaining, omitting primary antibodies (negative control)
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2). Surprisingly, serum E2 levels of the OW, OB, 
and OY10 were not significantly different from 
those of the SW group because of the SW group’s 

high SEM bar. Furthermore, E2 levels of the OY20 
and OY40 groups were significantly lower than 
that of the SW group.

Fig. 1A.- Micrographs of vaginal smears using the Marcondes’s method in all four stages. Proestrus = vaginal smear dominated by nucleated epithelial 
cells, that occur singly or in sheets; Estrus = period primarily consisting of cornified cells; Metestrus = many leukocytes appearing in this period along 
with a few cornified cells; Diestrus = smear consisting almost entirely of leukocytes; N = nucleated epithelial cells; L = leukocytes; C = cornified cells. 
Scale bars = 200 µm.

Fig. 1B.- Means of vaginal smear scoring of the estrus cycle for a period of 70 days in the six groups examined. Definition of each group was described 
in Table 1a. All different superscripts indicate statistical significance at p<0.05 level. SW = sham-operated group; OW = ovariectomized group; 
OB = ovariectomized rat receiving estradiol benzoate (EB) 2.5 µg/kgBW/day; OY10 = ovariectomized rat receiving YCJ 10 mL/kgBW/day; OY20 = 
ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/day.
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Histomorphometry of immunoreactive (-ir) cells

Immunoreactivity of the anti-ChAT, anti-
NMDAR1, anti-ERα, and anti-ERβ antibodies was 
detected in the cell bodies’ cytoplasm, dendrites, 
and axons of the pyramidal neurons in all the 
seven groups examined for CA1, CA2, CA3, and PF 
(Figs. 3, 5, 6). The restoration of the serum E2 level 
following the oral intake of YCJ at 10 mL/kg BW 
(OY10), as demonstrated in Fig. 2, was associated 
with significant preservation in the neuronal cells 
compared to the OVX group, which did not receive 
any treatment. This condition was indicated by the 
significantly (p<0.05) higher number of neurons 
that were positive for ChAT, NMDAR1, ERα, and 
ERβ (Figs. 3 and 6). Interestingly, for some brain 
regions like CA1 in Fig. 3A, and PF in Fig. 3C, the 
number of these neurons of at least one group 
of YCJ treatment was also significantly (p<0.05) 
higher compared to the OB group.

After 70 days of treatment, when the numbers of 
ERα-ir and ERβ-ir cells were statistically correlated 
with that of ChAT with regression, an equation 
for ERα: y=0.522x+6.044 (p = .000) and for ERβ: 
y=0.411x+5.569 (p = .000), respectively, leading to 
the conclusion that the numbers of ChAT-ir neurons 
increased by way of ERα and ERβ activation (Fig. 4A).

Like ChAT, the regression equation for 
ERα: y =0.445x+8.109 (p = .000) and for ERβ: 
y=0.414x+6.269 (p = .000) leading to the 
conclusion that the numbers of NMDAR1-
ir neurons increased by way of ERα and ERβ 
activation (Fig. 4B).

Furthermore, when the number of ChAT-ir 
neurons was correlated with that of NMDAR1-
ir neurons, the p-value of the testing regression 
equation indicates p = .000, leading to the 
conclusion that these two types of neurons 
somehow have colocalized activity (Fig. 4C).

DISCUSSION
Alzheimer’s disease (AD) is the most common 

neurodegenerative disease, accounting for more 
than 50% of all dementia types (Plassman et al., 
2007).  Currently, no treatments are available to 
stop, slow, or reverse the progression of the disease 
process (Master et al., 2015). The neuroprotective 
role of estrogen-containing hormone therapy is 
useful but controversial. The primary concern 
with estrogen therapy as hormone replacement 
therapy (HRT) is increased risk of venous 
thrombosis, coronary artery disease, breast 
and endometrial carcinoma, dysmenorrhea, 

Fig. 2.- Serum estradiol (E2) levels (pg/mL) of the 7 groups examined. All different superscripts indicate statistical significance at p<0.05 level. 
BL = baseline control group; SW = sham-operated group; OW = ovariectomized group; OB = ovariectomized rat receiving estradiol benzoate (EB) 
2.5 µg/kgBW/day; OY10 = ovariectomized rat receiving YCJ 10 mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = 
ovariectomized rat receiving YCJ 40 mL/kgBW/day.
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abnormal vaginal bleeding and hypersensitivity 
(Jamshed et al., 2014). Nowadays, plant-derived 
estrogen researches were explored to replace 
HRT.  In previous work, we reported that YCJ 
at 100 mL/kg BW help halting AD pathologies 
(Radenahmad et al., 2009; 2011), but undesirable 
effects such as glycogen deposition in the liver 
occurred. Therefore, the lower doses of YCJ 

were investigated in this study to minimize the 
unfavorable side effects.  A vaginal smear was 
applied to preliminary screening in living rats 
to ensure that such a lower dose of YCJ still had 
estrogenic activity,

The rat vaginal wall provides an excellent model 
to determine the estrogenic activity of estrogenic 
substances and is recognized as a simple, sensitive, 

Fig. 3.- Number of ChAT-reactive neurons (3A), NMDAR1 (3B), ERα (3C), ERβ (3D) of the cornu ammonis (CA) of the hippocampus and areas of cerebral 
cortices in all groups of the rats tested. All different superscripts indicate statistical significance at p<0.05 level. BL = baseline control group; SW = sham-
operated group; OW = ovariectomized group; OB = ovariectomized rat receiving estradiol benzoate (EB) 2.5 µg/kgBW/day; OY10 = ovariectomized rat 
receiving YCJ 10 mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/day.
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and inexpensive method (Parhizkar et al., 2011). 
The estrogenic-like compounds have been 
shown to affect the differentiation of the vaginal 
epithelium and enhance vaginal cornification 
(Laws et al., 2000; Burton and Wells, 2002).  The 
present experiment confirmed the presence of a 

menopausal stage in OVX rats by monitoring the 
cellular differentiation of the vaginal epithelium 
for ten consecutive weeks. In the OVX group, the 
vaginal smear scores were low compared to the 
sham control rats. The OVX rats had diestrus and 
metestrus stages continuously throughout the 

Fig. 4.- Plot of number of the ChAT-reactive neurons against the number of ERα- and ERβ- reactive neurons (4A), the NMDAR1-reactive neurons 
against the number of ERα- and ERβ- reactive neurons (4B) and the ChAT-reactive neurons against the number of NMDAR1-reactive neurons (4C), 
from the same rats and from all animal groups.
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10-week period. The ovariectomized rats that fed 
with 10 mL/kg BW/d (OY10) and 20 mL/kg BW/d 
(OY20) of YCJ showed proestrus and estrus stages 
continuously throughout ten weeks treatment with 
higher vaginal scores at p<0.05 compared to the 
control ovariectomized (OW) group. Nevertheless, 
the vaginal smear scores of OY10 and OY20 
groups were significantly lower compared to the 
OB. During proestrus, progesterone declines, and 
a preovulatory follicle undergoes its final growth 
phase (estradiol increases). Proestrus and estrus 
stages comprise the follicular phase indicating a 
high level of estrogen. Ovulation usually occurs 
during estrus. While metestrus and diestrus make 
up the luteal phase when the estrogen drops to a 
very low level (Jin et al., 2018). That vaginal smear 
of the OY40 group was not significantly different 
from the ovx (OW) group, and it was significantly 
lower than that of the SW, OB, OY10, and OY20 
groups. That vaginal smear score of the OY40 

group was in the metestrus cycle, indicating a 
deficient estrogen level. 

We have previously demonstrated the effect 
of estrogen-like activities of YCJ in delaying AD 
pathologies, protecting neuronal cell death, 
accelerating wound healing, and preventing 
bone loss (Radenahmad et al., 2006; 2009; 2011; 
2012; 2014; 2015; Yusuh et al., 2010; Suwanpal 
et al., 2011). In some of these studies, pyramidal 
neurons that use excitatory neurotransmitters, 
and non-pyramidal ones that use inhibitory 
neurotransmitters, were examined using 
antibodies against NF200 and parvalbumin 
(PV), respectively. More parameters were 
investigated using antibodies against ChAT and 
NMDAR1 in the hippocampus and prefrontal 
cortex, the brain regions involved with learning 
and memory function in the present study. 
Our results demonstrated that the protective 

Fig. 5.- Examples of reactive neurons of YCJ-treated groups: (A) ChAT-reactive neurons in the CA2, (B)NMDAR1-reactive neurons in the CA1, (C) ERα- 
reactive neurons in the CA1 of the hippocampus and, (D) ERβ-reactive neurons in the prefrontal cortex of the brains. Scale bars = 50 µm.
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effect of various dosages of YCJ on different 
brain regions is generated via its estrogen-like 
component.  The results derived from the ERα 
and ERβ immunostaining and counting reflect 
an increase in the ERα- and ERβ-ir pyramidal 
neurons in the CA1, CA2, and PF regions. It was 
observed that there was a significant increase of 
cell densities in the hippocampus of the sham 
group.  We suggest that this condition may be 
due to the compounds present in the food pellets.  
During the last decade, there has been a steady 
increase in research into the dietary factors that 
enhance neurogenesis in adults (Poulose et al., 
2017).  Results of clinical investigations show 
that polyphenols, vitamins B-9 and E, v-3 PUFAs, 
and non-nutrient phytochemicals improve adult 
neurogenesis in adultratsandmice (Shukitt-Hale 
et al., 2015; Reyes-Izquierdo et al., 2013; Dong 
et al., 2012; Moriya et al., 2011; Fernández-
Fernández et al., 2012).

It has been reported that 58% of YCJ components 
consists of β-sitosterol alongside different sterols, 
such as, α spinasterol, stigmasterol, fucosterol, 
and stigmastatrienol (Rattanaburee et al., 2014) 
and the β-sitosterol has a similar structure to 
the animal cholesterol that functions as a sex 
steroid precursor (Moghadasian, 2000). It has 
also been reported that coconut extract is rich 
in phytohormones such as abscisic acid (ABA), 
auxin, gibberellins (GAs), and other cytokinins 
(Kobayashi et al., 1997; Ge et al., 2006; Wu and Hu, 
2009), and due to its high content of β-sitosterol, 
stigmasterol and other flavonoids, its methanol 
extract has an estrogenic effect in rats (Salah 
et al., 2002). Coconuts contain trans-zeatin, a 
potent inhibitor of acetylcholinesterase that has 
been indicated to be effective for the treatment 
of AD and its associated dysfunctions (Heo et 
al., 2002; Kim et al., 2008). Besides, trans-zeatin 
also prevents the formation of amyloid β-protein 
with an important role in the development and 

Fig. 6A.- Immunohistochemical sections showing the degree expression of ChAT-, NMDAR1-, ERα- and ERβ- positive neurons in the hippocampus 
(HP) and prefrontal cortex (PF) brain sections (10x). SW = sham-operated group; OW = ovariectomized group; OB = ovariectomized rat receiving 
estradiol benzoate (EB) 2.5 μg/kgBW/day; OY10 = ovariectomized rat receiving YCJ 10 mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/
kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/day..
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progress of AD (Choi et al., 2009) and showed anti-
aging effects on human fibroblast cells (Rattan 
and Sodagam, 2005).  In the current study, the 
protective role of YCJ against the disturbances of 
different reactive neurons in the brain of OVX rats 
is mainly due to its strong estrogenic effect, which 
facilitates the synthesis of endogenous estrogens.

We verified that the protective effect of various 
dosages of YCJ on different brain regions is 
generated via its estrogen-like component by the 

regression correlation graphs between ChAT-ir 
and NMDAR1-ir cell numbers with numbers of 
ER-ir cells. All those p-values are very significant 
at p-value = 0.000. Moreover, a significant positive 
correlation was found when correlation analysis 
was performed. Our results are in agreement 
with findings derived from other studies and can 
have important implications in the search by the 
scientific community for methods to preserve the 
brain cholinergic system due to the importance of 

Fig. 6B.- Examples of higher magnification (40x) of ChAT-ir positive neurons in the CA1 of hippocampus. BL= baseline group; SW = sham-operated 
group; OW = ovariectomized group; OB = ovariectomized rat receiving estradiol benzoate (EB) 2.5 μg/kgBW/day; OY10 = ovariectomized rat receiving 
YCJ 10 mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/day; -VE = 
negative control group.
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the latter in controlling cerebral blood flow, cortical 
activity, cognitive functions, and cortical plasticity 
(Dang, 2010; Hall et al., 2001; Bohacek et al., 
2008; Morissette et al., 2008; Schliebs and Arendt, 
2006). They also can have important implications 
in the search for methods to preserve the brain 
glutamatergic system, which relies on NMDAR1 
receptors that participate in the mechanism of 
long-term potentiation (LTP), the best-understood 
synaptic model of learning and memory (Sze et al., 

2001). However, the double immunohistochemical 
staining of these ChAT-ir and NMDAR1-ir cells 
and ER-ir cells will be investigated to confirm this 
hypothesis in the near future.

Our previous studies demonstrated a significant 
degree of prevention of AD pathologies in OVX rats 
treated with YCJ at a daily high dose of 100 mL/
kg BW.  However, this dosage showed side effects 
that may be considered unfavorable, such as the 
deposition of glycogen in the liver. Therefore, in 

Fig. 6C.- Examples of higher magnification (40x) of NMDAR1-ir positive neurons in the CA2 of the hippocampus. BL= baseline group; SW = sham-
operated group; OW = ovariectomized group; OB = ovariectomized rat receiving estradiol benzoate (EB) 2.5 μg/kgBW/day; OY10 = ovariectomized rat 
receiving YCJ 10 mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/
day; -VE = negative control group.
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this study, we sought to optimize the YCJ dose 
by examining the effects of three lower doses, 
namely 10 mL, 20 mL, and 40 mL/kg BW/day. Our 
results showed that YCJ at 10 mL/kg BW/day was 
the optimal neuroprotective dose that preserved 
cholinergic and glutamatergic neurons in the 
CA1, CA2, CA3, and PF regions, without affecting 
the functional parameters of the liver or kidney 
(please see the details of lipid, liver and renal 
parameters in Payanglee et al., 2017).

Finally, YCJ seems to act as a selective estrogen 
receptor modulator (SERM).  The results of other 
parameters investigated in bone, skin, calcium-
binding proteins in the GI tract of the same 
model of both male and female rats confirmed 
this SERM activities of YCJ (some manuscripts 
were published, some are being in preparations).  
Pharmacological interventions using SERMs in 
estrogen deficiency cases often rely on its binding 
ability to the estrogen receptors (ERα and ERβ), 

Fig. 6D.- Examples of higher magnification (40x) of ERα-ir positive neurons in the CA3 of hippocampus. BL= baseline group; SW = sham-operated 
group; OW = ovariectomized group; OB = ovariectomized rat receiving estradiol benzoate (EB) 2.5 μg/kgBW/day; OY10 = ovariectomized rat receiving 
YCJ 10 mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/day; +VE = 
positive control group (uterus for ERα and ovary for ERβ); -VE = negative control group.
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therefore acting as either agonists or antagonists 
depending on the pharmacological compounds 
present as well as the target tissues (Hadji, 
2012). Phytoestrogens are plant derivatives that 
behave differently from estrogen and more like 
SERMs and have a higher affinity to ERβ (Oseni 
et al., 2008). We have previously reported that 
YCJ had beneficial effects on accelerating wound 
healing in OVX rats, whereby such wounds had a 
significantly higher degree of expression of ERβ 

than ERα (Radenahmad et al., 2012).  Moreover, 
our recent study showed that β-sitosterol was 
a significant component of YCJ, which, in turn, 
was found to have binding affinities to both ERα 
and ERβ (Ratanaburee et al.,2014; Dang, 2010).  
In conclusion, the present study indicates that 
YCJ may affect preserving cholinergic and 
glutamatergic neurons via the ChAT and NMDAR1 
in the brain regions, at least in part, via a SERM-
like activity.

Fig. 6E.- Examples of higher magnification (40x) of ERβ-ir positive neurons in the prefrontal cortex. BL= baseline group; SW = sham-operated group; 
OW = ovariectomized group; OB= ovariectomized rat receiving estradiol benzoate (EB) 2.5 μg/kgBW/day; OY10 = ovariectomized rat receiving YCJ 10 
mL/kgBW/day; OY20 = ovariectomized rat receiving YCJ 20 mL/kgBW/day; OY40 = ovariectomized rat receiving YCJ 40 mL/kgBW/day; +VE = positive 
control group (uterus for ERα and ovary for ERβ); -VE = negative control group.
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CONCLUSION 
The results of this study revealed that: (1) OVX 

rats showed the reduction of positive neurons 
due to the deficiency of estrogen hormone; (2) 
vaginal smear could be used as a preliminary 
screening estrogenic effect of YCJ; (3) YCJ 
treatment, at various doses tested, restored the 
decreased numbers of ChAT-, NMDAR1-, ERα- 
and ERβ-reactive neurons caused by ovariectomy 
to normal or close-to-normal levels, and (4) the 
effects of YCJ were comparable to those of EB 
treatment. In most cases, the dose of YCJ at 10 ml/
kg BW was the best. The higher doses of YCJ (20 
ml and 40 ml/kg BW), the more side effects in the 
liver and kidney and serum analysis parameters.  
For example, the higher doses of YCJ, the higher 
the total cholesterol, LDL, and triglyceride levels 
(please see details in Payanglee et al., 2017). 
These findings indicate that histological methods 
can effectively provide scientific evidence of 
neurodegenerative processes and treatment 
mechanisms. These findings suggest the potential 
therapeutic property of YCJ in preventing AD 
pathology in female rats caused by a lack of 
estrogen. 
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