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Abstract

Coconut water (CW) has been reported to possess sex hormone-like activity. The effects of CW on oestrus cycles and reproductive organs of
female Wistar rats were investigated. Five groups (n=6) of rats were treated as follows; 0.5 mI/100 g body weight distilled water (Control),
0.1, 0.25, 0.5 and 1.0 ml/100 g body weight CW respectively for 21 days. Body weights and oestrus cycles were monitored daily. Animals
were sacrificed in proestrus at which time; the ovary, uterus, kidney, liver, heart and brain were assessed for changes in weight. Histological
analysis of the ovary, uterus and liver was carried out. CW caused significant reductions (P<0.05) in body weight gain. Oestrus cycle lengths
were significantly decreased (P<0.05), showed more regular rhythms with an increase in occurrence of the proestrus phase (P<0.05) and
reduced frequency of the metestrus phase (P<0.05). CW had no significant effect on organ weights, also the ovary, uterus and liver did not
show any structural modifications. The results suggest that CW 1) does not have any apparent toxic effect on the reproductive and other
major organs of female Wistar rats; 2) may have fertility-enhancing properties in female rats via the regularisation of irregular oestrus cycles
and promotion of onset of the proestrus phase of the oestrus cycle; and 3) has a body weight reducing effect. Further studies are on-going to

reveal possible mechanisms for the fertility-enhancing effects of coconut water.
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INTRODUCTION

Coconut water is obtained from within the fruit of the
coconut (Cocos nucifera L.) tree, a monospecie palm with
tall and dwarf varieties. Coconut trees, which are found in
large populations within the tropics (Gunn et al., 2011), have
been described as the “tree of life” because every part of the
plant is useful for purposes ranging from nutrition to art and
science (Amarasiri and Dissanayake, 2006). Coconut water
contains amino acids, sugars and several minerals which are
essential for an adequate diet (Solangi and Igbal, 2011). It is
a non-toxic, pleasant tasting source of hydration both orally
and parenterally (Campbell-Falck et al., 2000). Although the
many virtues of coconut water on health (such as its
hypolipidemic, antidiabetic and antioxidant properties) have
been extolled (DebMandal and Mandal, 2011; Pinto et al.,
2015), the possible link between coconut water consumption
and fertility has been overlooked. It may not be a mere
coincidence that the tropics with their abundant population of
coconut trees host more than 40% of the world’s inhabitants.
Coconut extract has been reported to have oestrogenic
activity (Jawad and Ali, 2010) and coconut oil has been
reported to have testosterone improving properties (Dosumu
et al., 2010). However, the effect of coconut water
consumption on the female reproductive system is yet to be
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elucidated. It should be noted that coconut water is easier to
access than other products of the coconut fruit such as its
milk, extract or oil. This preliminary study was therefore
carried out to determine the effects of oral coconut water
administration on body weights, oestrus cycles and
reproductive organs of female Wistar rats and the lowest
effective doses to produce these effects.

MATERIALS AND METHODS

Animals: Thirty female Wistar rats (100-150 g) obtained
from and housed in the central animal house, College of
Medicine, University of Ibadan, Oyo State, Nigeria were
randomly assigned into five groups (n=6). All animals had
access to standard laboratory rat pellets (Ladokun feeds,
Ibadan, Nigeria) and drinking water ad libitum.

Plant Material and Water Extraction: Coconut fruits were
obtained locally in Ibadan, Nigeria and authenticated in the
Department of Botany, University of Ibadan, Oyo state,
Nigeria. Coconut water was extracted fresh each day by
puncturing one of the “eyes” of a dehusked coconut fruit and
decanting it into a sterile container.

Experimental Design: A two-week pre-treatment phase of
oestrus cycle monitoring was carried out to determine
baseline cycle rhythms for each animal. Previous studies on
the effects of coconut water on lipid profile and female
reproductive endocrinology employed doses of coconut water
ranging from between 2 mi/100 g body weight to 10 ml/100
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g body weight (Radenahmad and Vongvatcharanon, 2006;
Sandhya and Rajamohan, 2006; 2008; Bhagya et al., 2010).
One of the aims of this study was to determine if lower doses
could produce similar effects in order to avoid unnecessary
overdosing of the experimental animals. To achieve this, four
of the five groups were given 0.1, 0.25, 0.5, and 1.0 ml/100 g
body weight coconut water respectively for three weeks
(Bhagya et al, 2010), while the fifth group (control) received
0.5 ml/100 g body weight distilled water for three weeks.
Body weights and oestrus cycles were monitored daily.

Oestrus Cycle Monitoring: The Marcondes technique
(Marcondes et al., 2002) of vaginal smear monitoring was
used in the daily observation of the oestrus cycles of each rat.
After viewing, the slides were fixed using Papanicolaou’s
technique (Stockard and Papanicolaou, 1917).

Autopsy: At the end of the study, the rats were sacrificed in
the proestrus phase of their oestrus cycle by cervical
dislocation. Their ovaries, uteri, brains, adrenal glands, livers
and kidneys were harvested, freed of adherent fat and
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Fig. 1
Effect of coconut water (CW) on body weight of female
Wistar rats. *P<0.05, **P<0.01 compared with control.
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Fig. 3
Effect of coconut water (CW) on vital organ weights of
female Wistar rats.
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weighed. Relative organ weights were calculated as the
percentage of the ratio between the organ weight and body
weight for each animal. The ovaries, uteri and livers were
then fixed in 10% formalin for histological analysis.

Statistical Analysis: Data were expressed as means + SEM.
Statistical analyses were done using Student’s t-test. P values
<0.05 were considered to be statistically significant.

RESULTS

Effect of coconut water on body and organ weight:
Coconut water administration at doses of 0.1, 0.25, 0.5 and
1.0 ml/100 g for three weeks produced significant reductions
in body weight in a dose-dependent manner (figure 1).
Coconut water administration did not produce any significant
effect on organ weights (figures 2 and 3) neither did it result
in any visible histologic alterations to the tissues of the
reproductive organs (ovary and uterus) and livers of the rats
(plates 1-3). There was also no significant change in
mammary gland size (figure 4).
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Effect of coconut water (CW) on weight of ovary and
uterus of Wistar rats.
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Fig. 4

Effect of coconut water (CW) on mammary gland size
in female Wistar rats.
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Effect of coconut water (CW) on oestrus cycle length in
Wistar rats. **p<0.01 compared with the control.
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Effect of coconut water (CW) on estrus phase of oestrus
cycle of Wistar rats.
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Effect of coconut water (CW) on vital organ weights of
female Wistar rats.

Effect of coconut water on oestrus cycle rhythm: There
was a significant reduction (P <0.01) in oestrus cycle lengths
from about 4% days in the control group to about 3% days in
the groups treated with 0.25, 0.5 and 1.0 ml/100 g body
weight coconut water (figure 5). Coconut water produced a
significant increase (P <0.05) in frequency of the proestrus
phase of the oestrus cycle in all four experimental groups
(figure 6), and a significant reduction (P <0.05) in the
metestrus phase in the groups which received 0.5 and 1.0
ml/100 g (figure 8).
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Effect of coconut water (CW) on proestrus phase of
oestrus cycle. *p<0.05 compared with control group.
#p<0.05, ##p<0.01 compared with pretreatment period.
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Effect of coconut water (CW) on metestrus phase of

oestrus cycle. ##p<0.01 compared with pretreatment
period

DISCUSSION

Coconut water has been reported to have hypolipidemic
properties (Sandhya and Rajamohan, 2008). This effect may
be responsible for the significant loss of weight observed in
this study. However, considering that the animals used in this
study were of normal weights at the commencement of the
study and that they consumed standard diets, the
hypolipidemic effect of lower doses of coconut water are
currently being explored using high fat diet(s). This will help
to determine the effect of lower doses of coconut water on
lipid profile, as well as steroidogenesis and female
reproductive function in totality.

Coconut water did not affect the weight and/or structure
of the female reproductive organs (ovary and uterus) and the
vital organs (brain, heart, liver and kidney). This supports
previous findings on the non-toxic nature of coconut water
and justifies its reported use for in vitro organ storage in
addition to oral and parenteral rehydration therapies
(Kuberski et al., 1979; Campbell-Falck et al., 2000; ; Saat et
al., 2002; Jawad and Ali, 2010; Schettino et al. 2015).
Further studies are also being conducted in our laboratory to
elucidate the effects of coconut water on the physiological
actions of these organs.
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Plate 1:

Photomicrographs of uterus sections of rats treated with coconut water for three weeks (mag. X 40, H&E stain). Sections from
(A) Control (B) 0.1 ml/100 g (C) 0.25 ml/100 g (D) 0.5 ml/100 g and (E) 1.0 ml/100 g show no visible signs of lesion.

Plate 2:

Photomicrographs of ovarian sections of rats treated with coconut water for three weeks (mag. X 40, H&E stain). Sections
from (A) Control (B) 0.1 ml/100 g (C) 0.25 ml/100 g (D) 0.5 ml/100 g and (E) 1.0 ml/100 g show no visible signs of lesion.

Plate 3:

Photomicrographs of the hepatocytes of rats treated with coconut water for three weeks (mag. X 400, H&E stain). Sections from (A) Control
(B) 0.1 ml/100 g (C) 0.25 ml/100 g (D) 0.5 ml/100 g and (E) 1.0 m1/100 g show no visible signs of lesion

The reduction in length of oestrus cycles translated to
more regular rhythms being observed in the coconut water
treated groups. The female reproductive cycles are critical to
their reproductive capabilities, thus, this increased cyclicity
may be a pointer to the possible neuronal or endocrinological
mechanisms whereby coconut water may exert its effects on
the rat female reproductive system. Assuming that all the
cycles are ovulatory, there will be a greater availability of
ova for fertilization. This hypothesis is being explored as it
may yield a phenomenal breakthrough for fertility treatments.
Coconut water increased the occurrence of the proestrus
phase of the oestrus cycle. The proestrus phase signals the
beginning of an oestrus cycle and most of the female
reproductive hormones are present in appreciable quantities
in proestrus. Coconut water has been suggested to have
oestrogen-like activity (Yusuh et al., 2010; Radenahmad et
al., 2011) and even though the scope of this study did not
involve the assay of reproductive or other hormones, the
insignificant difference in size of the mammary gland
observed in this study during the proestrus phase does not
suggest an increase or otherwise in oestrogen activity. Also,
the ovaries did not show any significant structural change to
suggest a negative-feedback effect of coconut water
administration. Further studies are being carried out in our
laboratory to confirm the presence of any sex hormone-like
action of coconut water as the reduced frequency of
metestrus phase occurrence also supports a possible fertility-
enhancing property of coconut water. This is because,
circulating oestrogen, luteinizing hormone (LH) and follicle

stimulating hormone (FSH) levels are least in the metestrus
phase suggesting declining fertility in this phase (Caligioni,
2009). Therefore assessing the reproductive hormone levels
in coconut water treated female rats will help determine the
mechanisms through which coconut water affects the female
reproductive cycle.

From the results of this study, it was concluded that oral
administration of coconut water at doses of 0.1, 0.25, 0.5 and
1.0 m1/100 g body weight for three weeks does not adversely
affect the vital and reproductive organs in female Wistar rats;
these doses of coconut water have the ability to normalize
irregular oestrus cycles by promoting the appearance of the
proestrus phase; and these doses resulted in significant
reductions in body weight gain with 1.0 ml/100 g body
weight coconut water producing the most significant
reductions in body weight gain.
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