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Abstract

Brains from ovariectomised (ovx) rats can display features similar to those observed in menopausal women with Alzheimer’s disease (AD),

and oestrogen seems to play a key role. Preliminary studies on young coconut juice (YCJ) have reported the presence of oestrogen-like

components in it. The aim of the study was to investigate the effects of YCJ on the AD pathological changes in the brains of ovx rats. Rat

groups included sham-operated, ovx, ovx þ oestradiol benzoate (EB) and ovx þ YCJ. Brain sections (4mm) were taken and were immu-

nostained with b-amyloid (Ab) 1–42, glial fibrillary acidic protein (GFAP) (an intermediate neurofilament of astrocytes) and Tau-1 anti-

bodies. Ab 1–42, GFAP and Tau-1 are considered as reliable biomarkers of amyloidosis, astrogliosis and tauopathy (neurofibrillary

tangles), respectively, which in turn are characteristic features associated with AD. The serum oestradiol (E2) level was measured using

a chemiluminescent immunoassay technique. YCJ restored the serum E2 to levels significantly (P,0·001) higher than that of the ovx

group, and even that of the sham group. Ab deposition was significantly (P,0·0001) reduced in the cerebral cortex of the YCJ group,

as compared with the ovx group and with the sham and ovx þ EB groups (P,0·01). A similar trend was observed in relation to GFAP

expression in the cerebral cortex and to Tau-1 expression in the hippocampus. This is a novel study demonstrating that YCJ could

have positive future implications in the prevention and treatment of AD in menopausal women.
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Oestrogen levels tend to decrease dramatically in women

during their menopausal years. Such a decrease in

endogenous oestrogen has been associated with an

increased risk of certain diseases such as CVD and osteo-

porosis(1). It has been postulated that low oestrogen

levels could be associated with an increased risk of demen-

tia/Alzheimer’s disease (AD), and, accordingly, such a

relationship is biologically plausible(2–4). Nevertheless,

evidence-based data confirming such a relationship are

still lacking, and, if proven, it may have major implications

for the prevention or treatment of dementia and AD in

menopausal women. We have recently reported that

drinking young coconut juice (YCJ), which contains oestro-

gen-like ingredients, would significantly reduce some

histopathological changes in the brain that are induced

by inadequate levels of circulating oestrogen following

ovariectomy(5). YCJ is the juice taken from the coconut

fruit when the latter is about 6 months old.

In ovariectomised (ovx) rats, oestrogen injections have

been found to increase choline acetyltransferase activity

in the basal forebrain and in the hippocampus(6,7). In

humans, such areas have been found to be acetylcholine

deficient in patients with AD(2). Other benefits that were

reported to be associated with oestrogen include improving

synapse formation on the dendritic spines of the neurons in

the hippocampus, improving cerebral blood flow to the

brain and improving the brain’s glucose metabolism(3,8).

Oestrogen was also reported to act as an antioxidant, and it

may exert an influence on the development of dementia by

reducing the risk of CVD(2,3,8–11). Some studies have
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reported a lower prevalence and incidence of dementia and

AD in menopausal women who used oestrogen replacement

therapy(12–14). Other studies have found that a higher

concentration of bioavailable oestradiol (E2) was associated

with a slower cognitive decline(15). This indicates that

supplementation with exogenous oestrogen may reduce

the risk of dementia(16–18).

Some characteristic features that have been reported to

be present in the brains of patients with AD include the

deposition of b-amyloid (also known as amyloid b or

Ab), abnormal regulation of the glial fibrillary acidic pro-

tein (GFAP) and hyperphosphorylation of the microtu-

bule-associated protein Tau-1. Ab is a peptide, and it is

the main constituent of the amyloid plaques which are

often observed in the brains of AD patients(19). Ab

is formed following the sequential cleavage of the

amyloid precursor protein (APP). APP can be processed

by a-, b- and g-secretases, and the Ab protein is generated

following the successive action of the b- and g-secretases.

The g-secretase cleaves within the transmembrane region

of APP, thus generating a number of isoforms(20). The

most common isoforms are Ab-40 and Ab-42, but Ab-42

is more fibrillogenic and is thus associated with disease

states. Mutations in APP associated with early-onset AD

have been observed to increase the relative production

of Ab-42(21). GFAP is an intermediate filament protein

that is expressed by astrocytes and ependymal cells in

the central nervous system. It is closely related to its

non-epithelial family members, vimentin, desmin and

peripherin, which are all involved in the structure and

function of the cell’s cytoskeleton. GFAP helps in maintain-

ing astrocyte mechanical strength, as well as cellular shape,

movement and communication. Phosphorylation of GFAP

can occur at five different sites on the protein, including

the head domain. The post-translational modification

occurring at the head domain can alter the charge of the

protein, resulting in disaggregation and subsequent break-

down of the filaments(22). In neurodegenerative disorders

such as AD, an increase in the intracellular and extracellu-

lar concentrations of GFAP has been documented. Tau

proteins are microtubule-associated proteins that are

predominantly present in the distal axons of the neurons

of the central nervous system. They promote tubulin

assembly into microtubules so that they stabilise the

latter. Six tau isoforms exist in the brain tissue, and they

are distinguished by their number of binding domains.

Phosphorylation of tau is regulated by a number of

kinases. Its hyperphosphorylation can result in the self-

assembly of tangles of paired helical filaments and straight

filaments, known as neurofibrillary tangles, which are

involved in the pathogenesis of AD(23).

Punghmatharith(24) used RIA techniques to demonstrate

that 1 ml of YCJ contains 2·45 pg of 17b-E2, in addition

to other sex hormone-like substances such as oestrone-3-

glucuronide (280·27 pg), pregnanediol-3a-glucuronide

(263·27 pg), progesterone (27·17 pg), testosterone (1·58 pg)

and oestrone (0·75 pg). Similarly, results from TLC showed

that YCJ contained substances similar to oestrone, 17b-E2

andb-sitosterol(24). The author also found that subcutaneous

injection of an ethereal extract of YCJ reconstituted at a dose

equivalent to 7500 ml of YCJ/kg body weight per d for three

consecutive days significantly increased the uterine weight

of immature rats.

In the present study, we used YCJ to investigate its poss-

ible beneficial effect on the brains of ovx rats, an animal

model that mimics AD in menopausal women. In particu-

lar, we examined the brains of these rats for some charac-

teristic features of AD, namely amyloidosis, astrogliosis and

tauopathy (neurofibrillary tangles), using the associated

markers Ab 1–42, GFAP and Tau-1, respectively.

Materials and methods

Plant material

A complete description of YCJ, including its preparation

and administration, is provided in a recent publication(25).

Briefly, YCJ (Cocos nucifera L., Arecaceae) was collected

from Namnoi District, Hat Yai, Songkhla, Thailand. It was

then pooled and dried using a specialised lyophiliser

(MillRock Technology, Kingston, NY, USA) at the Depart-

ment of Pharmacognosy and Pharmaceutical Botany,

Prince of Songkla University(25). The powder formed was

kept at 2308C. It was freshly reconstituted and prepared

for oral intake every day.

Animals

The study was approved by the Committee on Animal Care

and was carried out in accordance with the Guiding Prin-

ciples for the Care and Use of Research Animals promul-

gated by Prince of Songkla University. All animals used

were adult 4-month-old female Wistar rats weighing 270

(SEM 2) g. The animals were housed in a controlled

environment at 25 ^ 18C on an illumination schedule of

a 12 h light–12 h dark cycle. Rats had unrestricted access

to standard pellet food and water.

Experimental design

There were four groups (n 10) included in the present study:

sham-operated rats; ovx rats; ovx rats injected intraperitone-

ally with exogenous oestrogen (2·5mg/kg body weight of E2

benzoate, EB) twice a week for 4 weeks; ovx rats which

received YCJ (100 ml/kg body weight per d) for 4 weeks.

The dose of EB and YCJ in the present study was based

on the one reported in our earlier study and in which

dose standardisation and optimal administration were

set(25). In the present study, the administration of EB and

YCJ was started 4 weeks after ovariectomy was performed.

Rats belonging to the first and second groups received

Milli Q water (deionised, but further distilled water) instead.
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Immunohistochemistry

Tissue samples from the cerebral cortex pertaining to the

temporal, parietal and occipital lobes, and from the hippo-

campus were processed into paraffin blocks, and thirteen

4mm sections were collected from each block and

mounted on 3-aminopropyltriethoxysilane (Sigma, Poole,

Dorset, UK)-coated slides. Anatomical orientation to the

rat brain was facilitated using a rat brain anatomy

atlas(26). The first two sections were stained with cresyl

violet, and were used for light microscopy examination

and anatomical orientation. Three of the remaining

eleven sections were immunostained with the purified

rabbit polyclonal anti-Ab 1–42 antibody (AB5078P;

Chemicon International, Temecula, CA, USA), another

three sections were immunostained with the mouse anti-

GFAP monoclonal antibody (MAB3402; Chemicon Inter-

national) and three other sections were immunostained

with the mouse anti-Tau-1 monoclonal antibody

(MAB3420; Chemicon International). The remaining two

sections were used as negative controls, whereby the pri-

mary antibody was omitted and replaced by Tris-buffered

saline. Positive controls were cortical and hippocampal

brain sections known to be positive for the above antibodies.

The immunostaining technique was as follows. Sections

were left on a hot plate at 378C overnight. This was

followed by passing the sections through serial steps of

fresh xylene and alcohol gradients. The sections were

then left in distilled water for 10 min before antigen retrie-

val by microwave for half an hour was performed (0·01 %

sodium citrate antigen retrieval solution; 650 W). The sec-

tions were then allowed to cool down at room temperature

for 15 min, followed by washing with Tris-buffered saline

and incubation for 10 min with 0·3 % H2O2 in methanol

to quench any endogenous peroxidase activity. In the

case of staining for Ab 1–42, the sections were also

pretreated for 30 min with 80 % formic acid at room

temperature. Having accomplished the preparatory

phase, we then incubated the sections with the above pri-

mary antibodies for 30 min in a humidified chamber,

washed them with Tris-buffered saline and then incubated

them with the secondary and tertiary antibodies with

frequent Tris-buffered saline washes in between. The pro-

cedure was followed according to the steps provided with

the ABC kit used (Vectastainw Elite ABC kit; Vector Labora-

tories, Burlingame, CA, USA). The substrate chromogen

(1 min incubation time) used in the present study was dia-

minobenzidene enhanced by the addition of a Ni solution

from the staining kit (Vector Laboratories). Sections were

then counterstained with Meyer’s haematoxylin for 5 s

and cover slipped.

Image analysis

Measurement of the immunostaining was performed by a

blinded observer using an image analysis system. The

image analysis system consisted of an observer-interactive

computerised image analysis (Samba microscopic image

processor; Samba Technologies, Meylan, France). This

system is fitted with a standard axioplan microscope with

an automated stage (Carl Zeiss, Oberkochen, Germany),

allowing a precise location of a particular field through

the XYZ axis plotting, a colour video camera (Sony Corpor-

ation, Tokyo, Japan), an image analysis processor (Matrox,

Montreal, QC, Canada) and a personal computer (Pentium

2, 166 MHz processor; Intel, Santa Clara, CA, USA). Count-

ing was done in ten random fields at 400 £ magnification.

Readings from the three sections pertaining to each anti-

body were then added and the average was determined.

Random selection of the fields was achieved using a

computer-generated list of random numbers (Excel version

5.0). The means with their standard errors were used to

compare the four groups.

Serum oestradiol

All the rats were killed at the end of the treatment period,

and their serum was collected through a carotid catheter

for E2 measurement using the chemiluminescent immu-

noassay technique (CIA kit LKE2 10 261; DPC, Caernarfon,

Gwynedd, UK).

Statistical analysis

Statistical analysis was performed using Kruskal–Wallis

and Mann–Whitney U tests available in the statistical

program SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA).

Altman’s nomogram was used for sample size calculations.

Random selection of the microscopic fields was achieved

using a computer-generated list of random numbers

(Excel version 5.0). Results were reported as the means

with their standard errors. P,0·05 was considered statisti-

cally significant.

Results

Serum oestradiol level

Mean serum E2 levels were 46 (SEM 2), 24 (SEM 1), 56 (SEM

3) and 66 (SEM 1) mg/ml in the sham, ovx, ovx þ EB and

ovx þ YCJ groups, respectively. Such results demonstrate

that administration of either EB or YCJ for 4 weeks restored

the serum E2 to levels significantly (P,0·001) higher than

that of the ovx group, and even to a higher level as com-

pared with the one observed in the sham group. When

comparison was performed between the serum E2 level

in the ovx þ EB group and the ovx þ YCJ group, no sig-

nificant difference was observed. Our attempt to correlate

the serum E2 level in the various cortical brain regions

with the expression of Ab1–42 and GFAP, and in the

various areas of the hippocampus with the expression of

Tau-1, revealed that there was a negative correlation

N. Radenahmad et al.740
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(r 20·1, 20·13 and 20·12, respectively). This indicates

that the higher the serum E2 level, the lesser the pathology.

b-Amyloid 1–42

In all the four groups studied, Ab1–42 was observed in the

cell bodies, dendrites and axons of a subset of neocortical

pyramidal neurons having a triangular cell body and pro-

minent dendrites. In some areas, Ab1–42 was present in

neurons having a polygonal shape identified as large stel-

late cells.

The distribution of Ab1–42 positive neurons was

uneven throughout the cortex. The majority of these neur-

ons were located in layer V. Smaller, less numerous and

weakly stained pyramidal cells were visualised in layer

III. Ab1–42 was also detected in the choroid plexus. Amy-

loid angiopathy was observed in the arteries, but none was

detected in the veins. Ab deposition was significantly

(P,0·0001) reduced in the cerebral cortex of the occipital

(4·4 (SEM 1·2)), parietal (2·9 (SEM 1·5)) and temporal (1 (SEM

0·8)) lobes of the YCJ-treated group, as compared with the

ovx group (15 (SEM 2), 13·3 (SEM 1·9) and 10·3 (SEM 1·7),

respectively) (Fig. 1). Surprisingly, such a significant

(P,0·01) reduction was also observed when the

ovx þ YCJ group was compared with the sham group

(6·8 (SEM 1·9), 5·3 (SEM 1·4) and 4·4 (SEM 0·9), respectively)

and with the ovx þ EB group (8·5 (SEM 2), 7·5 (SEM 1·7) and

5·3 (SEM 1·5), respectively). This was especially evident in

the temporal lobe.
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Fig. 1. Expression of b-amyloid 1–42 in the cerebral cortex of the occipital, parietal and temporal lobes. Each group consisted of ten rats. Data are expressed as

means with their standard errors. ovx, Ovariectomy; EB, oestradiol benzoate; YCJ, young coconut juice. A, Sham; , ovx; , ovx þ EB; , ovx þ YCJ. * Mean

values were significantly different (P,0·05).
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Glial fibrillary acidic protein

GFAP was detected exclusively in astrocytes with obvious

astrocytic feet attached to the blood vessels. It was found

in the six layers of the cerebral cortex, but mainly in

layers II–VI.

Similar to Ab, administration of YCJ resulted in a signifi-

cant (P,0·0001) reduction in GFAP in the occipital

(14 (SEM 0·9)), parietal (12 (SEM 0·6)) and temporal (10 (SEM

0·5)) lobes, as compared with the ovx group (67 (SEM 1·2),

57 (SEM 1·8) and 53 (SEM 2), respectively) (Fig. 2). In fact,

YCJ was able to reduce GFAP to levels which are significantly

(P,0·01) below those observed in the sham group (32

(SEM 0·6), 29 (SEM 0·4) and 30 (SEM 0·8), respectively) and

in the ovx þ EB group (40 (SEM 1·1), 34 (SEM 1·4) and 35

(SEM 1·6), respectively) (P,0·001). The absolute reduction

was again observed in the temporal lobe.

Tau-1

The ovariectomy-induced histopathological changes were

more prominent in the hippocampus in relation to the

neurofibrillary tangles. A significantly (P,0·0001) higher

expression of Tau-1 was observed in the CA1 (25·4 (SEM

3·6)), CA2 (SEM 27·8 (2·7)) and CA3 (20·7 (SEM 1·9)) areas

of the hippocampus of the ovx group, as compared with

the sham group (2·4 (SEM 0·4), 7·6 (SEM 0·9) and 2·1 (SEM

1·1), respectively) (Fig. 3). The intraperitoneal injection of

EB for 4 weeks was able to reverse such pathology to

levels close (especially in CA3) to the ones seen in the

80

70

60

50

40

30

20

10

0
Occipital Parietal

Cortical brain regions

Temporal

G
FA

P
 +

ve
 c

el
ls

/µ
m

2

*

*

*

* *

100 µm

100 µm

100 µm

100 µm

ovx + EB

Sham ovx

ovx + YCJ

Fig. 2. Expression of glial fibrillary acidic protein in the cerebral cortex of the occipital, parietal and temporal lobes. Each group consisted of ten rats. Data are

expressed as the means with their standard errors. ovx, Ovariectomy; EB, oestradiol benzoate; YCJ, young coconut juice. A, Sham; , ovx; , ovx þ EB; , ovx þ

YCJ. * Mean values were significantly different (P,0·05).
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sham group. Interestingly, the results observed in the

group that received YCJ for 4 weeks were better than

those obtained with EB. Here, YCJ was able to reduce

the expression of Tau-1 to levels less than the ones

observed in the sham group in the CA1 (2 (SEM 0·5)) and

CA2 (4·1 (SEM 0·6)) areas, and to a level almost equal to

the sham group in the CA3 (2·3 (SEM 0·9)) area. Moreover,

a significant difference was observed when comparison

was done between the ovx þ YCJ and the ovx-EB groups

in the CA1 (2 (SEM 0·5) v. 4·6 (SEM 1·5); P,0·01) and the

CA2 (4·1 (SEM 0·6) v. 11·7 (SEM 1·4); P,0·001) areas.

Discussion

AD is recognised as a worldwide problem affecting

the quality of life of millions of people during their

elderly years and consuming a significant amount of the

governments’ health care budgets in developed countries.

Identification of factors that influence the onset and pro-

gression of the disease has been the focus of scientists

and clinicians over the years in an attempt to come up

with efficient preventive measures and treatments.

Among the predisposing factors to AD in menopausal

women, oestrogen seems to play an important role. This

was elaborated in studies where hormone replacement

therapy had significantly delayed or reduced the risk of

developing AD(27,28).

Identified as a protein misfolding disease, AD has been

characterised by the accumulation of abnormally folded

Ab, GFAP and tau proteins in the brain(29). Ab plaques con-

sist of small peptide fragments produced by abnormal pro-

teolysis of a larger protein called APP(30). Normally, APP is
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a transmembrane protein that penetrates through the

neuron membrane, and it plays a critical role in neuronal

survival, post-injury repair and growth(31–33). AD has also

been associated with abnormal aggregation of the GFAP

and tau proteins resulting from their abnormal phosphoryl-

ation. Normally, each neuron has a supporting cytoskele-

ton consisting of microtubules that act as pathways for

molecules and nutrients between the neuronal cell body

and the terminal ends of the axon. Such microtubules are

regularly stabilised by the tau protein when the latter is

phosphorylated.

However, the hyperphosphorylation of this protein,

which takes place in AD, results in the pairing of tau with

other threads, and thus forming neurofibrillary tangles.

Such tangles, in turn, disrupt and disintegrate the pathways

between the cell body and the terminal axon(23). In addition

to Ab and tau, abnormal deposition of GFAP is another

feature observed in the brain of AD patients. GFAP is an

intermediate filament protein, which normally maintains

the cytoskeleton of the neurons’ supporting cells in the

central nervous system, namely the astrocytes and the epen-

dymal cells. In AD, phosphorylation of the head domain of

the GFAP protein and the subsequent post-translational

modification of this domain alter the charge of the protein,

resulting in disaggregation and breakdown of the fila-

ments(22). Subsequently, an increase in the intracellular

and extracellular concentrations of GFAP becomes evident.

The histopathological changes described earlier in the

brains of AD patients are also observed in some animal

models, such as in the brains of transgenic mice and in

the brains of female rats in which the ovaries were

removed (ovx rats)(34–36). Accordingly, in the present

study we used, the ovx rat model to investigate the ability

of YCJ, which is advocated to contain oestrogen-like hor-

mones, to reduce some of the histopathological changes

seen in AD, namely the abnormal deposition of Ab,

GFAP and Tau-1. The present results showed that adminis-

tration of YCJ for 4 weeks following a 4-week period of

ovariectomy was able to reduce the brain pathologies

seen in the ovx group which did not receive YCJ. The

difference between the two groups was very prominent

in the temporal, parietal and occipital cortical brain regions

in relation to Ab and GFAP, and in the CA1, CA2 and CA3

areas of the hippocampus in relation to Tau-1. Moreover, it

was interesting to observe that YCJ had even better effects

in such reduction, as compared with EB which was given

to the ovx group for the same duration as YCJ. Another

important observation was that the brain of the rats receiv-

ing YCJ had significantly less pathology, as compared with

the sham group. Again, this was evident in all the cortical

brain regions we examined, and in the CA2 area of the hip-

pocampus. Our group is currently investigating the reasons

as to why the results (data not shown, but to be reported in

a separate publication) obtained from the cortical brain

regions with Tau-1 were inconsistent and did not show

any trend, and as to why such inconsistency and lack of

trend were observed with Ab 1–42 and GFAP in the hippo-

campus. The findings which we observed in the occipital

region of the brain in relation to Ab 1–42 and GFAP are

interesting, since such histopathological changes have not

been described in this region of the brain according to

our knowledge. Such an observation requires further

investigation. Another interesting observation in the

present study was that the serum E2 level was inversely

proportional to the pathology present in the brain of the

ovx rats, and this seems to add more evidence on the

role of hormonal imbalance in the pathology of AD in

menopausal women. Our future plan is to screen the

brain of the ovx rats for the hormonal level of E2, as

well as to search for E2 receptors in the various constitu-

ents of such brain, namely neurons, supporting cells and

extracellular matrix.

Several reports have elucidated that cerebral amyloid

angiopathy could be a direct cause of dementia(37,38). Alter-

natively, cerebral amyloid angiopathy may indirectly affect

cognition by impairing cerebral perfusion, leading to

infarction or diffuse ischaemic injury(39). In the present

study, Ab1–42 deposition was detected in the meningeal

arteries and in the parenchymal capillaries of the grey

matter. In contrast, none of such deposition was observed

in the cerebral venous system. This is yet another interest-

ing observation in the present study, and it will be investi-

gated by our group.

The complete chemical ingredient of YCJ is still being

identified. It has been reported so far that YCJ contains

b-sitosterol (58 % of the total composition of 1 ml of YCJ),

in addition to other sterols, such as stigmastatrienol, stigmas-

terol and fucosterol and a-spinasterol(24). b-Sitosterol is

structurally related to animal cholesterol and can possibly

act as a precursor of sex steroids(40). Salah et al.(41) found

that a methanol extract of Ruellia praetermissa Sceinf. Ex.

Lindau (Acanthaceae) had an oestrogenic effect on the

uterus and gestation in rats, and postulated that this could

be related to the presence of b-sitosterol, stigmasterol and

flavonoids. In the present study, whether b-sitosterol and

stigmasterol (plant sterols known to be involved in the syn-

thesis of steroid hormones in vivo) could be responsible for

the strong oestrogenic effect of YCJ by facilitating the syn-

thesis of endogenous oestrogens remains to be examined

by our group. The findings from such an investigation

could partially provide an explanation to the observation

reported in the present study, namely the superior results

obtained with YCJ, as compared with EB. More explanation

for the superiority of YCJ in the present study could be

obtained when the complete chemical ingredient of YCJ is

identified.

Conclusion

The present study has reported some novel data demon-

strating that biomarkers for AD in the brains of living mam-

mals are influenced by compounds derived from a plant
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with possible oestrogen-like ingredients, namely from YCJ.

Accordingly, the ovx-rat model could be a useful animal

model for evaluating the impact of oestrogen derivatives,

oestrogen-like compounds and selective oestrogen recep-

tor modulators on the biomarkers of AD in vivo. Moreover,

we present evidence that prolonged ovariectomy is associ-

ated with a significant increase in brain pathology, which

can be reversed following the intake of YCJ. The latter

could hopefully have positive future implications in the

prevention and treatment of neurodegenerative pathol-

ogies in menopausal women.
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