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Abstract 
 

 Our previous studies showed that feeding of young coconut juice (YCJ) had beneficial effects in both male and female 

rats such as preventing osteoporosis, accelerating wound healing and delaying Alzheimer’s disease (AD) pathologies. Nevertheless, 

this large dose of YCJ feeding for five weeks in female rats started to have unfavorable side effects e.g. the deposition of glycogen 

in the liver.  Thus, our aim in the present study was to investigate the lowest neuroprotective dose of YCJ that would cause the 

least side effects for long-term consumption in male rats. Three low doses of YCJ (10, 20 and 40 mL/kg body weight (BW)were 

applied. The results showed that YCJ preserved the number of neuronal cells but to different degrees in each area of the brain. 

After 10 weeks of treatment, the BW and organ weights (liver, kidney and adrenal gland) of the three YCJ treated groups were not 

significantly different from the control group. Moreover, the circulating levels of blood sugar, cholesterol, triglyceride, HDL, BUN, 

creatinine, total protein, albumin, AST, ALT, alkaline phosphatase, sodium, calcium, phosphorus and magnesium of the three YCJ 

treatments were not significantly different from the sham group. These results indicated that YCJ consumption might have potential 

to be a supplement for preserving neuronal cell density and was safe in terms of lipid, liver and renal profiles.  
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1. Introduction 

 

Although the prevalence and incidence of 

Alzheimer’s disease (AD) are higher in women, men have also 

a robust age-related increase risk of AD (Feldman et al., 2002). 

In advancing age, men have a significant decrease of androgen 

levels (Morley et al., 1997) and androgen therapy can lower the

 
risk of AD but also increases the risk of adverse effects such as 

stroke, heart attack, prostate cancer (Finkle et al., 2014)  and 

reduction of HDL-cholesterol levels ( Isidori et al., 2005) . In a 

previous study it was shown that estrogen has beneficial effects 

on cognitive performance (Beer et al., 2006) , maintains bone 

formation (Falahati-Nini et al., 2000) and plays an important 

role in cardiovascular effects in men (Sharpe, 1998). In a rodent 

model estrogen reduced the risk of AD in the hippocampus 

CA1 in male rats ( Rosario et al., 2010) . Although estrogen 

replacement therapy has several benefits, it causes gyneco-

mastia  in  men  (Chen et al., 2015)   and  can be involved in the
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induction of prostate cancer (Soronen et al., 2004) . Therefore 

plant-derived phytoestrogens, have been used to replace 

estrogen. Young coconut juice (YCJ)  known to contain the 

phytoestrogen, β-sitosterol ( Rattanaburee et al., 2014)  has 

several beneficial effects such as preventing osteoporosis 

(Yusuh et al., 2010), accelerating wound healing (Radenahmad 

et al., 2014; 2015) and delaying AD pathologies in ovariecto-

mized rats (Radenahmad et al., 2009; 2011).Nevertheless, such 

a large dose of YCJ feeding for five weeks started to have 

unfavorable side effects e.g. the deposition of glycogen in the 

liver (Payanglee et al., 2016). 

With this background, three lower doses of YCJ were 

used to find the optimal neuroprotective dose for use in 

hormone replacement therapy (HRT) treatment using 

orchidectomized (orx) rats as a model for andropausal men. 

Therefore, our aim in the present study was to investigate the 

lowest neuroprotective dose of YCJ that would cause the least 

side effects for long-term consumption by andropausal men 

using orx rats, as a model. 

 

2. Materials and Methods 
 

2.1 YCJ preparation 
 

A large volume of young coconut juice (Cocos 

nuciferaL., Arecaceae) was collected from Khlong Hoi Khong 

district, Hat Yai, Songkhla, Thailand, dried, and the powder 

form kept at -30 C until used. This powder was freshly 

reconstituted and prepared for oral intake every day. A 

complete description of YCJ, including its preparation and 

administration, has been provided in our previous publications 

(Radenahmad et al., 2006). 

 

2.2 Animals  
 

All animals used were adult eight-month old, male 

Wistar rats weighing 250-300 g. The rats were housed in a 

controlled environment at 25±1 °C on an illumination schedule 

of a 12 hr light-12 hr dark cycle, with unrestricted access to 

standard pellet food and water. The study was approved by the 

Committee on Animal Care, and was carried out in accordance 

with the Guiding Principles for the Care and Use of Research 

Animals promulgated by the Prince of Songkla University. The 

license number is 01/2016. 

 

2.3 Experimental design 
 

 Rats were randomly divided into seven groups (10 

rats per group): the control baseline rats (bl); sham-operated 

rats receiving vehicle (sd); orchidectomized (orx) rats receiving 

vehicle (od); orx injected with exogenous estrogen (2.5 µg/kg 

BW of estradiol benzoate, EB) three days a week for 10 weeks 

(oe); and three groups of orx rats that receiving YCJ at 10, 20 

and 40 mL/kg BW/day (oy10, oy20 and oy40), respectively, for 

ten weeks. The dose of EB was also the same as in our earlier 

study (Radenahmad et al., 2006). YCJ feeding and EB injection 

were started one week after performing orchidectomy. After 10 

weeks, the rats were sacrificed and the brains, liver, kidney, 

adrenal gland, prostate glands and seminal vesicles were 

removed, weighed, fixed and paraffin embedded for sectioning 

and staining. Their serum was collected for blood sugar, 

cholesterol, triglyceride, HDL, LDL, BUN, creatinine, total 

protein, albumin, AST, ALT, alkaline phosphatase, Na+ , K, 

Ca2+, P and Mg2+ measurements. 

 

2.4 Cresyl violet staining of the brains and 

morphological analysis 
 

Tissue samples from the prefrontal cortex (PF)  and 

the hippocampus (HP) were processed into paraffin blocks and 

cut at 5 µm-thick coronal brain sections. The sections were 

stained with cresyl violet and were used for light microscopic 

examination and anatomical orientation. The total number of 

neuronal cells from PF and HP were counted at 40x 

magnification. Counting was carried out on ten random fields. 

Data was expressed as the mean number of neuronal cells per 

mm2. 

 

2.5 Hematoxylin & Eosin (H&E) staining of seminal  

      vesicles and prostate glands  
 

The seminal vesicle and prostate gland blocks were 

cut at a 5 µm thinkness and were stained with H&E to 

investigate the effects of hormones on any histopathological 

changes. 

 

2.6 Statistical analysis 
 

The data were expressed as a mean value and the 

standard error of the mean (mean±SEM) . Statistical analysis 

was performed using the One-wayANOVA followed by the 

LSD test to compare the mean of one group with the mean of 

another. P<0.05 was accepted as being significant.  

 

3. Results and Discussion 
 

3.1 Histopathological assessment of neuronal cells 
 

Cresyl violet was used to demonstrate the Nissl 

substance in the neurons and cell nuclei (Figure 1). In the 

present study, the numbers of neuronal cells in the PF and HP 

(CA1, CA2 and CA3) of the od group were significantly lower 

than those of the control groups (bl, sd and oe). The number of 

neuronal cells in the orx groups orally force fed with YCJ was 

preserved at different degrees in each area ( Table 1) . For 

example, in the PF area, the number of neuronal cells of the 

oy40 group was the highest among the three doses of YCJ 

feeding and that was significantly higher than that in the bl and 

the od groups. In the CA1 and CA2 areas, the numbers of 

neuronal cells were significantly higher than those of the od 

group in all the 3 doses of YCJ feeding (oy10, oy20 and oy40). 

In the CA3 area, the numbers of neuronal cells of the oy10 and 

the oy40 groups were higher than those of the control groups, 

including the od group, while that of the oy20 group was 

significantly lower than that of the sd group. This study 

demonstrated that all 3 doses of YCJ could preserve neuronal 

cells in PF, HP (CA1, CA2 and CA3) , the areas that play a 

critical role in learning and memory (Mu & Gage, 2011) . In 

contrast, a decline in neurogenesis may underline cognitive 

impairment associated with aging and disorders such as AD 

(Clelland et al., 2009; Lazarov et al., 2010) . These results 

confirmed our previous studies in female rats that YCJ has 

phytoestrogen-like effects to neuroprotect and to prevent 

neuronal cell death by delaying AD pathologies (Radenahmad 
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et al., 2009; 2011) . The experiments of Morito demonstrated 

that phytoestrogens were able to bind ERαand ERβ (Morito et 

al., 2001) and led to activation of transcriptional expression and 

neuronal cell growth (Pilsakova et al., 2010) . Immunohisto-

chemistry for specific neuronal markers and estrogen receptors 

of both types (ERα and ERβ) had also been studied to confirm 

these phenomena. That manuscript has been separately 

prepared due to the large amount of data involved.

 

 

 
 

Figure 1. Histology of the hippocampus (CA1, CA2, CA3) and prefrontal cortex (PF): Expression of the cresyl violet positive neurons in the 

hippocampal areas of CA1, CA2, CA3, and PF (prefrontal cortex) of the bottom right: in all areas of hippocampus (HP): CA1, CA2, 

CA3, and PF, the numbers of neuronal cells of the od group were the lowest and significantly lower than the control (bl, sd and oe 
groups) and all 3 doses of YCJ treatment (oy10, oy20 and oy40 groups) groups. Surprisingly, the numbers of neuronal cells of the oe 

and oy20 groups of CA3 hippocampus were lower than the number of the sd group. In the PF area, the numbers of neuronal cells of the 
oy40 group were the highest and that were significantly higher than for the bl and the od groups. x40magnification; HP and PF of the 

bottom left: overview photos: x4magnification. wm = white matter. 

 
 

Table 1. Neuronal cell density: Numbers of neuronal cells (pyramidal and glial cells) stained by cresyl violet (mean ± SEM) in the hippocampal 

areas: CA1, CA2 and CA3 of the 7 groups of rats examined, n = 10 per group. PF = prefrontal cortex. bl= baseline group, sd = sham-
operated group, od = orchidectomized group, oe =orchidectomized group receiving estradiol benzoate,  oy10 = orchidectomized rats 

receiving YCJ 10 mL/kgBW/day, oy20 = orchidectomized rats receiving YCJ 20 mL/kgBW/day, oy40 = orchidectomized rats receiving 

YCJ 40 mL/kgBW/day. a p<0.05 compared with the bl group. b p<0.05 compared with the sd group. c p<0.05 compared with the od 
group. d p<0.05 compared with the oe group. 

 

 

 

 

 

 

Groups 

 

Parameters 

bl 

(n=10) 
sd 

(n=10) 

od 

(n=10) 

oe 

(n=10) 

oy10 

(n=10) 

oy20 

(n=10) 

oy40 

(n=10) 

CA1 47.65 ± 2.37 46.18 ± 1.99 34.63 ± 1.10 a,b 43.49 ± 2.41 c 42.60 ± 1.16 c 46.68 ± 1.92 c 47.71 ± 1.85 c 

CA2 48.87 ± 2.75 49.40 ± 3.74 34.07 ± 0.51 a,b 44.27 ± 2.45 c 43.30 ± 1.85 c 45.00 ± 1.10 c 46.73 ± 3.49 c 

CA3 40.74 ± 1.54 43.44 ± 3.19 29.31 ± 1.27 a,b 37.05 ± 1.85 b,c 42.26 ± 2.80 c 36.61 ± 0.81 b,c 42.03 ± 2.51 c 

PF 50.50 ± 2.08 52.32 ± 1.15 43.34 ± 1.14 a,b 53.39 ± 0.95 c 52.41 ± 2.50 c 53.30 ± 1.48 c 55.15 ± 1.24 a,c 
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3.2 Body weight 
 

After orx for 10 weeks, the body weight (BW) of the 

oe group on the day of termination was significantly lower than 

that on the day of commencement (Table 2). The present result 

indicated that the deficiency of testosterone after orx and 

supplementing with estrogen by injection with EB in the oe 

group could help to reduce the body weight. The present result 

is in agreement with Pratchayasakul who found that the body 

weight of both normal and high fat diet male mice treated with

estrogen was significantly lower than that of the vehicle 

treatment group (Pratchayasakul et al., 2011). The body weight 

of all the 3 OY groups (oy10, oy20 and oy40) was lower, even 

though statistically was not significant shown when compared 

between the commencement day and the last day of the 

experimental force feeding with YCJ for 10 weeks. This 

indicated that YCJ might not affect the accumulation of fat in 

orx rats, even though YCJ contained a very high percentage 

44.9% of glucose and 43.9% of fructose (Santoso et al., 1995) 

and these might be converted to glycogen in liver or to fat in 

the body. 

 
 
Table 2. Body weight and %age organ weight/body weight (BW): Body weight (g) and the %age of brain, liver, kidney, seminal vesicle, prostate 

gland, adrenal gland, heart and aorta (mean ± SEM) of the 7 groups of rats examined, bl = baseline group, sd = sham-operated group, 

od = orchidectomized rats, oe = orchidectomized rats + estradiol benzoate (EB), oy10 = orchidectomized rats receiving YCJ 10 
mL/kgBW, oy20 = orchidectomized rats receiving YCJ 20 mL/kgBW, oy40 = orchidectomized rats receiving YCJ 40 mL/kgBW. * 

p<0.05 comparison between the body weight at the commencement of the study and the day that the rats were terminated. a p<0.05 

compared with the bl group. b p<0.05 compared with the sd group. c p<0.05 compared with the od group. d p<0.05 compared with the 
oe group. 

 

 

 

3.3 %organ weight/body weight 
 

3.3.1 %brain weight/BW 
 

The %ages brain/BW of the od, oe, oy10, oy20 and 

oy40 groups were significantly higher than that of the bl group 

but not significantly different from the sd group except for the 

oy40 group (Table 2), indicating that aging, the deficiency of 

testosterone (od group) and/or supplementation with exogenous 

estrogen (oe group) or with phytoestrogen (in the oy10 and 

oy20 groups) did not significantly affect the brain weights. This 

is consistent with Skullerus (Skullerus, 1985)  who found that 

human brain autopsies showed shrinkage starting after the age 

of 55, and the rat brains in the present study were of an age 

equivalent to about 40 years old human brains. Skullerus 

demonstrated that in the case of neurodegenerative brain such 

as Alzheimer’s disease, the reduction of brain weight occurred 

in old women but not in old men (Skullerud, 1985) . Further-

more, White proved a significant and independent association 

in higher midlife tofu consumption with poor cognitive test 

performance, enlargement of ventricles and low human brain 

weight (White et al., 2000).  

 

 

3.3.2 %liver weight/BW 
 

That %liver weight/BW of the oe group was 

significantly higher than that of the sd group. For all three doses 

of YCJ feeding group (oy groups) the %liver weight/BW was 

significantly lower than that of the bl, od and oe groups. This 

implied that exogenous estrogen (oe group) might increase the 

liver weight. On the other hand, feeding with YCJ did not 

increase liver weight. This might imply that YCJ-phytoestrogen 

had no effect on liver weight. The present results are in 

agreement with Manasathein (2001), who found that 7-week-

old male mice treated with Red KwaoKreua for three and six 

weeks had no changes to liver morphology and the liver weight 

when compared with the control group. So the three different 

doses of YCJ supplementation (10, 20 and 40 mL/kgBW)  in 

orx ratscaused no harm to the liver. 

 

3.3.3 %kidney weight/BW 
 

The %ages of the kidney weight/BW of the YCJ 

feeding groups (oy10, oy20, oy40) was significantly lower than 

that of  the bl and oe groups.  In  contrast,  the %age for the  oe

Groups 

 

Parameters 

bl 

(n=10) 
sd 

(n=10) 

od 

(n=10) 

oe 

(n=10) 

oy10 

(n=10) 

oy20 

(n=10) 

oy40 

(n=10) 

BW Started 552.60 ± 32.69 540.70 ± 28.82 530.00 ± 27.33 571.70 ± 32.50 520.50 ± 22.14 504.70 ± 21.58 485.30 ± 21.06 

BW finished 552.60 ± 32.69 528.20 ± 17.53 493.80 ± 17.69 489.30 ± 19.94 * 511.70 ± 21.12 485.10 ± 16.95 473.40 ± 15.04 

Brain 0.38 ± 0.02 0.40 ± 0.01 0.43 ± 0.01 a 0.43 ± 0.01 a 0.41 ± 0.01 a 0.43 ± 0.01 a 0.44 ± 0.01a,b 

Liver 2.74 ± 0.09 2.35 ± 0.08 a 2.54 ± 0.08 2.73 ± 0.12 b 2.26 ± 0.05a,c,d 2.26 ± 0.05a,c,d 2.25 ± 0.07a,c,d 

Kidney 0.52 ± 0.03 0.48 ± 0.01 a 0.47 ± 0.01 a 0.52 ± 0.01 c 0.46 ± 0.01a,d 0.46 ± 0.01a,d 0.46 ± 0.01a,d 

Seminal vesicle 0.21 ± 0.03 0.17 ± 0.01 0.04 ± 0.00a,b 0.04 ± 0.00a,b 0.04 ± 0.00a,b 0.06 ± 0.03a,b 0.04 ± 0.00a,b 

Prostate gland 0.12 ± 0.02 0.12 ± 0.02 0.03 ± 0.00a,b 0.03 ± 0.01a,b 0.02 ± 0.00a,b 0.02 ± 0.00a,b 0.02 ± 0.00a,b 

Adrenal gland 0.02 ± 0.00 0.03 ± 0.00 a 0.03 ± 0.00 a 0.03 ± 0.00 a 0.03 ± 0.00 a 0.03 ± 0.00 a 0.03 ± 0.00 a 

Heart 0.30 ± 0.01 0.31 ± 0.01 0.31 ± 0.01 0.31 ± 0.01 0.30 ± 0.01 0.31 ± 0.28 0.31 ± 0.01 

Aorta 0.03 ± 0.00 0.05 ± 0.00 a 0.04 ± 0.01 0.05 ± 0.01 a 0.04 ± 0.01 0.04 ± 0.01 0.04 ± 0.00 
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group was significantly higher than that of the od group. This 

implies that exogenous estrogen (oe group) might cause a gain 

in kidney weight. On the other hand, feeding with YCJ did not 

raise kidney weight. This is consistent with the study by 

Manasathien (Manasathien, 2001) who found that a 7 week-old 

male mice treated with Red Kwao Kreua containing flavonoid 

for three and six weeks had no changes of kidney morphology 

and the kidney weight comparing to the control group. In 

addition, Velasquez investigation demonstrated that the 

biochemistry, metabolism, and mechanisms of actions of 

isoflavones and lignans appear to act through various 

mechanisms that modulate cell growth and proliferation, 

extracellular matrix synthesis, inflammation, and oxidative 

stress to control normal function in kidney (Velasquez et al., 

2001). So, this might imply that YCJ-phytoestrogen did not 

affect renal weight. Thus, YCJ supplementation in orx rats 

caused no harm to the kidneys. 
 

3.3.4 %seminal vesicle and prostate gland  

         weight/BW 
 

The %ages of the seminal vesicle and prostate gland

weight/BW of the od, oe and all of the three oy groups were 

significantly lower when compared with the bl and sd groups. 

These results are consistent with the study by Rosario (Rosario 

et al., 2010) that showed that the seminal vesicle weight of three 

months orx mice treated/  not treated with EB were not 

significantly different from the control group. The weights of 

the seminal vesicle and prostate gland decreased due to the 

reduction of the androgen level in the od, oe and oy groups 

caused by the orchidectomy (orx). Furthermore, no 

histopathological changes were shown in any of the three oy 

groups compared with the od and oe groups and that changes 

were dramatically reduced when compared with the bl and sd 

groups (Figures 2 and 3) . This implies that the seminal vesicle 

and prostate gland are androgen dependent organs and 

supplementation with exogenous estrogen (oe group) or YCJ-

phytoestrogen (oy groups) caused organs neither to gain weight 

nor undergo any histopathological changes. This is in 

agreement with many other studies and confirms that 

phytoestrogen is associated with a decreased risk of prostate 

cancer ( Adlercreutz, 1995; Hedelin et al., 2006) . Therefore, 

those three doses of YCJ supplementation in orx rats produced 

no harm to the prostate gland and seminal vesicle. 

 

 
 

Figure 2. Histology of seminal vesicle: Hematoxylin-eosin staining of seminal vesicle tissue of 5 μm thick, paraffin sections, from the 7 groups 

of rats examined, x20 magnification. In all 3 oy groups, histopathological changes were obviously reduced when compared with the bl 

and sd groups and no changes were observed when compared with the od and the oe groups. bl= baseline group, sd = sham-operated 
group, od = orchidectomized group, oe =orchidectomized group receiving estradiol benzoate, oy10 = orchidectomized rats receiving 

YCJ 10 mL/kgBW/day, oy20 = orchidectomized rats receiving YCJ 20mL/kgBW/day, oy40 = orchidectomized rats receiving YCJ 40 

mL/kgBW/day. 
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Figure 3. Histology of prostate gland: Hematoxylin-eosin staining of 

5 μm thick paraffin sections, of prostate gland tissue from 

the 7 groups of rats examined, x20 magnification. In all 3 oy 
groups, histopathological changes were obviously reduced 

when compared with the bl and sd groups and no changes 

were shown when compared with the od and the oe groups. 
bl= baseline group, sd = sham-operated group, od = 

orchidectomized group, oe =orchidectomized group 

receiving estradiol benzoate, oy10 = orchidectomized rats 
receiving YCJ 10 mL/kgBW/day, oy20 = orchidectomized 

rats receiving YCJ 20mL/kgBW/day, oy40 = orchidecto-

mized rats receiving YCJ 40 mL/kgBW/day. 

 

3.3.5 %adrenal gland weight/BW 
 

The %adrenal gland weight/BW of the bl group was 

significantly lower than that in all the other groups. This 

indicates that the adrenal gland weight was increased by aging. 

This result was also in accordance with those from 

Manasathein(Manasathein, 2001),who found that a 7 week-old 

male mice treated with Red Kwao Kreua for three and six 

weeks, showed no changes of adrenal gland morphology and 

the adrenal gland weight in the treatment groups compared to 

the control group. In addition, values of the oe and oy groups 

were not significantly different from the sd group. This implies 

that supplementation with exogenous estrogen (oe group) and 

YCJ in orx rats caused no harm to the adrenal gland. 

  

3.3.6 %heart weight/BW 
 

The %heart weight/BW of all groups was not 

significantly different when compared to each other. This might 

imply that YCJ treatment in the present study did not cause any 

changes of gross weight as there were no changes of heart 

functions found. This result is in accordance with those from 

Bhupathy (Bhupathy et al., 2010), who demonstrated that heart 

tissue has estrogen receptors (ERs)  α and β, and that they can 

bind with phytoestrogens. When phytoestrogens bind with ERs, 

they can activate normal functions of heart. For example, 

isoflavones have been shown to induce vasodilation by 

stimulating the activity of the endothelial NO synthase 3 (NOS 

3). Genistein and daidzein decrease monocyte chemoattractant 

protein-1 and collagen-induced platelet aggregation in a dose-

dependent manner, indicating that phytoestrogens could act as 

antithrombotic and antiatherogenic agents. This implies that 

YCJ supplementation in orx rats caused no harm to the heart. 

 

3.3.7 %aorta weight/BW 
 

The %aorta weight/BW of the sd and oe groups were 

significantly higher than that of the bl group. This implies that 

the aorta weight was increased by aging and supplementation 

of orx rats with exogenous estrogen (oe group) caused aorta 

weight gain. In contrast, supplementation with YCJ in orx rats 

caused no increase of aorta weight. Supplementation with YCJ 

in orx rats could be summarized at the present caused no harm 

to the aorta. Cardioprotective effects of estrogen are assumed 

to be exerted via different partway, such as inducing 

mitochondrial biogenesis; directly or indirectly upregulating 

cardioprotective genes including PGC-1α, MCIP1 and HSP72; 

activating nitric oxide synthase and Akt through the P13 kinase 

pathway and upregulating the production of cardiac natriuretic 

hormones. There is still a lack of reliable studies of testosterone 

and its mechanism(s) of action in the heart (Bhupathy et al., 

2010).Since the present study is the first study of YCJ in male 

rats, the underlying mechanisms of YCJ still need to be 

explored in the future. 

 

3.4 Serum chemical analysis 
 

The serum levels of blood sugar of the oy40 group 

were the lowest and significantly lower than that of the bl and 

od groups. The serum cholesterol, triglyceride, and HDL values 

of all three YCJ feeding groups were significantly lower than 

that the oe group and those three parameters of the oe group 

were the highest. In contrast, the serum LDL of the oy40 group 

was the highest. The serum LDL of the oy10 and oy40 groups 

was significantly higher than the sd group. It was of interest that 

the serum levels of cholesterol, triglyceride and HDL of the orx 

rats receiving EB 2.5 µg/kgBW (oe group) were the highest. 

These results are inconsistent with many studies e.g. daidzein 

and genistein caused a reduced blood sugar level (Andreoli et 

al., 2015), had anti-obesity effects (Bhathena et al., 2002), 

reduced lipid profiles including cholesterol (Sosic-Jurjevic et 

al., 2007), and preserved LDL, HDL and triglyceride levels 

(Amani et al., 2004). Also β-sitosterol reduced the removal of 

cholesterol from the plasma membrane into the cell leading to 

a reduction of cell cholesterol. In addition, β-sitosterol 

decreased the expression of the HMG-CoA reductase gene that 

is needed for cholesterol synthesis (Field et al., 1997). β-
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sitosterol is a major component of YCJ (Ratanaburee et al., 

2014). Thus, it is possible that YCJ could improve lipid profiles 

in the present study because of their β-sitosterol content.  

The serum levels of BUN, creatinine, total protein, 

albumin, AST, ALT, alkaline phosphatase, sodium, potassium, 

calcium, phosphorus and magnesium of all 3 YCJ treatment 

groups (oy10, oy20 and oy40 groups) were not significantly 

different from those of the sd group, except that the serum 

potassium level of the oy40 group was significantly higher than 

that of the sd group. These data are consistent with the 

decreasing hepatic dysfunction parameters studied by Hamden 

(Hamden et al., 2009), preserving renal function in male rats 

and controlling electrolyte balance investigated by Ogborn et 

al. (1999).  

Among other active compounds of YCJ that could 

potentially influence lipid levels would be amino-acid L-

arginine. Beta-sitosterol the major components of YCJ 

(Ratanaburee et al., 2014) is another possibility that could 

explain the lowering effect of the lipid parameters (please see 

details in “the discussion” section of Radenahmad et al., 2016). 

Another possibility was that YCJ could decrease the serum 

level of triglyceride in rats fed with coconut water by increasing 

the activity of a lipoprotein lipase in the heart and adipose tissue 

(Sandhya & Rajamohan 2008). 

 
 

 

Table 3. Serum chemical analysis (mean ± SEM) of the 7 groups of rats examined. bl = baseline group, sd = sham-operated group, od = 

orchidectomized rats, oe = orchidectomized rats + estradiol benzoate (EB), oy10 = orchidectomized rats receiving YCJ 10 mL/kgBW, 

oy20 = orchidectomized rats receiving YCJ 20 mL/kgBW, oy40 = orchidectomized rats receiving YCJ 40 mL/kgBW, HDL = high 

density lipoprotein, LDL = low density lipoprotein, BUN = blood urea nitrogen, AST = aspartate aminotransferase, ALT = alanine 
aminotransferase. a p<0.05 compared with the bl group. b p<0.05 compared with the sd group. c p<0.05 compared with the od group. d 

p<0.05 compared with the oe group, e p<0.05 compared with the oy10 group and f p<0.05 compared with the oy20 group. 

 

 

 

 

Groups 

 

Parameters 
bl(n=10) sd(n=10) od (n=10) oe (n=10) oy10 (n=10) oy20 (n=10) oy40 (n=10) 

Blood sugar 

(mg/dL) 
118.7 ± 8.95 106.1 ± 4.11 119.9 ± 5.86 99 ± 6.99a,c 102.8 ± 7.97 108.8 ± 7.38 93.5 ± 5.86 a,c 

Cholesterol 

(mg/dL) 
63.5 ± 3.6 58.1 ± 3.49 69.1 ± 5.05 94 ± 12.68 a,b,c, 71.3 ± 6.76 d 69.3 ± 3.47 d 72 ± 4.20 d 

Triglyceride 

(mg/dL) 
97.7 ± 7.48 78.3  ± 7.92 84 ± 10.07 220.5 ± 89.14a,b,c 68.3 ± 9.51 d 89.2 ± 18.08 d 55.8 ± 4.34 d 

HDL 

(mg/dL) 
26.3 ± 1.36 22.4  ± 1.86 26.5 ± 2.59 35 ± 3.53 a,b,c 27.5 ± 2.26 d 25.8 ± 1.53 d 25.2 ± 1.84 d 

LDL 

(mg/dL) 
17.5 ± 3.37 20.1 ± 3.07 25.56 ± 2.93 27.67 ± 4.19 a 30.2 ± 4.19 a,b 29.2 ± 2.09 a 35.6 ± 3.12a,b,c 

BUN 

(mg/dL) 
19.4 ± 0.83 19.9 ± 1.23 21.2 ± 1.35 19.2 ± 0.81 19.2 ± 0.89 18.9 ± 0.69 18.7 ± 1.08 

Creatinine 

(mg/dL) 
0.81 ± 0.09 0.93 ± 0.13 0.77 ± 0.03 0.81 ± 0.07 0.82 ± 0.05 0.88 ± 0.11 0.92 ± 0.13 

Total protein 

(g/dL) 
7.4 ± 0.12 7.26 ± 0.52 7.09 ± 0.10 7.43 ± 0.15 7.41 ± 0.14 7.62 ± 0.15 7.72 ± 0.17 

Albumin 

(g/dL) 
3.21 ± 0.08 3.14 ± 0.18 2.96 ± 0.03 3.13 ± 0.07 3.02 ± 0.07 3.12 ± 0.11 3.16 ± 0.10 

AST 

(U/L) 
277.20 ± 29.02 253 ± 23.90 284 ± 20.01 304.90 ± 33.53 327.80 ± 30.49 294.90 ± 26.30 309.50 ± 34.64 

ALT 

(U/L) 
109 ± 6.19 127.50 ± 10.51 100.30 ± 5.64 b 103.60 ± 8.05 119.70 ± 7.56 126.40 ± 13.89 c 124.70 ± 6.79 

Alkaline 

phosphatese 

(U/L) 

157.50 ± 10.52 120.10 ± 13.62 a 153.20 ± 15.12 106 ± 10.80 a,c 125.60 ± 14.94 140.60 ± 15.16 152.50 ± 10.63 d 

Sodium 

(mmol/L) 
95.98 ± 26.89 141.25 ± 1.10 a 140.38 ± 0.80 a 140.25 ± 092 a 140.88 ± 1.02 a 141.50 ± 0.46 a 140.63 ± 0.68 a 

Potassium 

(mmol/L) 
7.63 ± 0.24 6.89 ± 0.09 a 8.41 ± 0.29 a,b 8.21 ± 0.30 b 7.05 ± 0.08 c,d 7.19 ± 0.16 c,d 7.96 ± 0.27 b,e,f 

Calcium 

(mg/dL) 
10.20 ± 0.15 9.84 ± 0.10 a 9.84 ± 0.13 a 9.93 ± 0.05 10.08 ± 0.07 10.03 ± 0.12 10.11 ± 5.78 

Phosphorus 

(mg/dL) 
7.06 ± 0.50 6.06 ± 0.11 5.33 ± 0.25 a 5.31 ± 0.32 a 5.86 ± 0.16 a 5.34 ± 0.27 a 5.78 ± 0.22 a 

Magnesium 

(mg/L) 
 

21.50 ± 0.29 24 ± 0.60 24.25 ± 0.65 a 23.88 ± 0.55 23.38 ± 0.53 23.75 ± 0.84 23.13 ± 1.37 
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4. Conclusions 
 

In summary, this preliminary study has illustrated 

that YCJ fed at 10 mL/kg body weight per day, which is equal 

to the consumption of one coconut per day, was the optimal 

dose in terms of preserving neuronal cell density and serum 

markers for lipid, liver, kidney, electrolytes as well as blood 

sugar. None of the 3 YCJ feeding doses, however, had any 

effect on the male hormone target organs including the seminal 

vesicles, prostate gland and adrenal gland. These results 

indicate that YCJ consumption probably could be used for 

preserving neuronal cell density in PF and HP,the brain areas 

involved with learning and memory in orx rats, a model for 

andropausal men and it was also safe in terms of lipid, liver and 

renal profiles. A research trial in human would be hopefully 

conducted in the near future. 
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