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Coconut water alters maternal high fat diet
induced changes in hormones and pup
morphometry of Wistar rats
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Abstract
Background: Maternal high fat diet (HFD) during
gestation adversely programmes foctal metabolism

and cardiovascular function for the development of

obesity and its related cardiovascular discases in
adult life. The hypolipidemic actions of coconut
water (CW) in the presence of HFD have been
reported. This study examined the clfeets of oral
administration of CW on lipid pancl. hormonc
profile. pup and placental morphometry of dams fed
HED during gestation.

Methods: Twenty-four pregnant Wistar rats were
assigned to four groups (n=6) and trecated daily from
gestation day (GD) 1 1o 21 as follows; Group 1: Iml/
100g b.wt. distilled water; Group 2: Iml/100g b.wt.
CW: Group 3: HFD (70% standard rat feed plus 30%
butter): Group 4: HED + 1ml/100g b.wt. CW.
Animals were sacrificed on GD 21. Random blood
elucose was measured using tail blood. Cacsarcan
section was performed to remove the pups and their
placentas which were immediately measured.
Oxidative stress status of the placentas; serum lipid
and hormone profiles of dams were assessed.
Results: HED+CW resulted in signilicant (P<0.05)
reductions in pup weight and morphometric indices
when compared with pups from HFD. These changes
were accompanied by significant improvements in
maternal serum lipid profile, alterations in hormonce
levels and higher placental lipid peroxidation.
Conclusion: These results suggest that coconut watcr
is protective against maternal high fat dict-induced
changes. Further studics are on-going to determine
the actions of coconut water of maternal high fat
dict induced foctal programming of adult health.

Keywords: Maternal high fat diet: coconut waler:
morphometry

Résumé

Contexte: Le régime maternel riche en haute graissc
(RRHG) pendant la gestation défavorablement
programme le métabolisme feetal et la fonction
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cardiovasculaire pour le développement de 'obésité ct
ses maladies cardiovasculaires lices dans 1'age adulte.
Les actions hypo lipidiques de 1'cau de noix de coco
(EC) en présence de RRHG ont ét¢ rapportées. Cette
¢tude a examiné les effets de I'administration orale I’EC
sur panncau lipidique, profil hormonal, souriccaux ct
morphométric placentaire de barrages nourris avee
RRHG pendant la gestation.

Mcthodes.: Vingl-quatre rats Wistar gestantes ont ¢t¢
répartics en quatre groupes (n = 0) ct traitées tous les
jours depuis Ie jour de gestation (JG) 1 a 21 comme
suit; Groupe 1: 1 ml / 100 g dc poids corporel cau
distillée; Groupe 2: 1 ml/ 100 g de poids corporel EC;
Groupe 3: RRHG (70% d*alimentation standard de rat
plus 30% de beurre); Groupe 4: RRHG + 1 ml/ 100g
de poids corporel EC. Les animaux ont ¢t¢é sacrifiés e
JG 21. Glucose de sang aléatoirc a ¢t¢ mesuré cn
utilisant le sang provenant de la queue. La césariennc a
¢té effectuée pour enlever les souriccaux ct leur placenta
qui ont &¢ immédiatement mesurées. L'état de stress
oxydatif des placentas; lipide sérique ¢t profils
hormonaux dc barrages ont ¢t¢ évaluds.

Résultats: RRHG + EC ont entrainé des réductions
significatives (P <0,05) du poids des souriccaux ct
indices morpho-métrique par rapport aux souriccaux de
RRHG Ces changements ont été¢ accompagnds par des
amdliorations significatives en profil matemel des lipides
sériques, des altérations dans les niveaux d’hormones ¢t
plus haute peroxydation de lipide placentaire.
Conclusion: Ces résultats suggérent que I'cau de coco
est protectrice contre les changements induits par le
régime riche en graisscs maternels. D*autres études sont
en cours pour déterminer les actions de I’cau de noix
dc coco de régime maternel riche en graisse de
programmation feetal induit de la sant¢ d*adulte.

Mots-clés; Régime maternel riche en graisses: eau de
noix de coco; morphométrie

Introduction

Obesity is a global health problem; its negative
impact cuts across sociocconomic class and national
development. Although the actiology of obesity is
complex and probably not fully understood, it has
been known to involve the integration of social,
behavioural, cultural, physiological, metabolic and

genctic factors [ 1]. Maternal exposure to any of thesce
3
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(hclbrs ¢an program futurc generations of ofTspring
1(‘)"'dcvclop obesity irrespective of the offspring’s
» &xposure’[2:8].4 The foctal programming hypothesis
* “proposes that modifications in maternal nutrition and
endocrine status could result in developmental
Sadaptations of the foetus which permanently alter
its structure, physiology and metabolism [4]. This
has since been proven by scveral epidemiological
studics and also through human and animal
experimental models [5-8]. Morphometric indices
such as body weight, height, hcad and abdominal
circumferences, are very uscful in asscssing foctal/
nconatal growth and development [9]. For instance,
a u-shaped curve association between the risk of adult
discasc and birth weight has been well cstablished
[10].These measurcs arc often standardized as ratios
such as the Ponderal Index (PI), waist-to-height ratio
(WHItR), waist-to-hip ratio (WHR) and hecad
circumference-to-abdominal circumference ratio
(HC/AC); thereby cnabling comparison between
populations and discoverics of associations between
body size and discasc risk [11-14].

Maternal obcsity or consumption of high
caloric dicts during pregnancy, lcads to foctal
programming of offspring, thereby predisposing
them to the development of obesity along with its
related complications in later lifc [3,6,15-17]. The
deleterious cffects of maternal high fat dict on the
neuroendocrine, metabolic, cardiovascular and
reproductive health of offspring have been widely
reported [18-31]. Therefore, it stands to rcason that
campaigns for healthy maternal nutrition should be
intensified. However, the prevailing sociocconomic
circumstances in developing countries inadvertently
sabotage the cfficacy of such campaigns. The
population of fcmales in the work forcc has
remarkably incrcased since the 1960 to 1980 cra
when women first joined the labour market, with
somc countrics recently recording over 80% female
participation [32,33]. This implics that the only diet
options for several mothers during the perinatal
period arc the readily available, energy densc, high
fat containing, fast foods [34].Fcasiblc solutions to
maternal high fat dict induced foctal programming
should thercfore incorporate more convenicnt
alternatives in addition to dictary modifications.
Studics suggest that such adverse programming of
offspring can be potentially reversed by nutritional
or targeted therapeutic interventions especially
during the period of developmental plasticity [35].

Some of the reactions proposed for the
adverse perinatal cffects of high maternal fat dict
include oxidative stress, lipotoxicity and
inflammation [31,36-38]. Thc hypolipidemic,
hypoglycacmic and antioxidant cffccts of coconut
watcr, the liquid endosperm of the coconut (Cocos
nuciferal.) fruit, have been reported [39-42].
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Coconut water has no reported toxicity and can hence
be considered as a safe and convenient option for
carcer mothers. This study was therefore designed
to investigate the cffects of coconut water
administration and matcrnal high fat diet during
gestation on maternal lipid profile and pup
morphometry in Wistar rats.

Materials and methods

Plant material

Coconut (Cocos nucifera L.)fruits were obtained from
a coconut plantation in Oyo state, Nigeria and verified
by a botanist from the Department of Botany, University
of Ibadan, Ibadan, Nigeria. Coconut water was obtained
by picrcing the soft “cyc™ of the coconut (the
germination pore) with a sterile screw driver and
decanting the water into a large sterile container. Fresh
coconut water was used cach day. Coconut water was
administered via oral gavage at a daily dosage of 1 ml/
100g body weight using blunt-tipped oral cannulas
attached to 2ml syringes. Administration of coconut
water was done between 8.00-9.00am daily.

Animals

All procedures involving animals in this study
conformed to the guiding principles for rescarch
involving animals as recommended by the guidelines
for laboratory animal carc of the National Institute
of Health (NIH publication no. 85-23, rcvised
1996).Virgin female rats obtained from the Central
Animal Housc, University of Ibadan were mated with
proven breeder male rats from the Laboratory for
Reproductive Physiology and Developmental
Programming, Dcpartment of Physiology, University
of Ibadan. Pregnancy was confirmed by the presence
of spermatozoa in vaginal smears and the day of
obscrvation of spermatozoa was taken as gestation
day (GD) 1 for cach female. Pregnant rats were then
randomly divided into four groups, namely: control,
coconut water (CW), high fat dict (HFD) and high
fat diet plus coconut water (HFD+CW).

Treatments

High fat diet consisted of 70% standard rodent dict
(Ladokun Feed Mills, Ibadan, Nigeria) and 30%
butter (Real brand, Chellarams, Lagos, Nigeria).
With the exception of the HFD and HED+CW groups
which received high fat diet during gestation, all rats
were fed standard rodent dict before mating and
during gestation. The animals had access to food and
drinking water ad libitum.

Caesarean section

On the twenty-first day of gestation (GD21), cther
anacsthesia was induced by placing the rat in an
airtight desiccator containing a ball of cotton wool
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moistened with a few drops of dicthyl ether for about
onc minute until the cyclid closure reflex was lost.
A drop of tail blood was collected for random blood
glucosc measurcments which were done using an
automated glucometer (On Call Plus®, ACON
Laboratories Inc., USA). Respiratory movements
were monitored visually by observing for regular
chest and abdominal undulations. The anacsthetized
dams were cut open [rom the linca alba of the anterior
abdominal wall to the thoracic cavity to exposc the
heart. Blood was collected via cardiac puncture using
sterile needles and syringes and emptied into plain
tubes. The abdominal cavity was then dissccted to
remove the gravid uterus.

Pup and placental morphometry

The pups and their placentas were immediately
removed from within the uteri and weighed
individually on an clectronic scale (Lisay, China).
Crown-to-rump length, abdominal diameter and head
diamcter of cach pup; diameter and thickness of cach
placenta were measured using a digital Vernier
calliper (Mitutoyo, Japan). The diameter was
measured along the length of cach placenta, while
the thickness was mcasured at the centre when the
placenta was placed on a horizontal planc.

Placenta redox status

The largest placenta from cach dam was
homogenized in 4ml of phosphate buffer (pH 7.4)
per gram of placental tissue. The supernatant was
obtained after centrifuging at 3000rpm for 15
minutes and was used for the determination of
malondialdchyde (MDA), supcroxide dismutasc
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Hormone assays

Scrum collected was uscd to assay for follicle
stimulating hormone (FSH), lutcinizing hormone
(LH), ocstrogen, testosterone (Fortress Diagnostics
Limited, UK), corticostcrone (Oxford Biomedical
Rescarch, USA), insulin and leptin (Ray Biotech Inc.
USA) using the ELISA technique. They were
dctermined using kits according to the
manufacturer’s instructions.

Statistics

Data arc cxpressed as Mcan £ Standard Error of
Mecan (SEM). Significance of difference of means
was analysed using onc-way ANOVA followed by
post hoc analysis where necessary. P<0.05 was
considered significant.

Results

Body weight, serum lipid and blood glucose levels
of dams at GD21

High fat dict led to a significant gain in body weight
during gestation when compared to the control and
coconut water (CW) groups (Fig.1). High fat diet
(HFD)dams showed a statistically significant
(p<0.05) increasc in serum triglyceride, total
cholesterol and low density lipoprotein (LDL)
cholesterol concentrations during gestation (Fig. 2)
which was not evident in HFD+CW dams. Maternal
high density lipoprotein (HDL) cholesterol was
reduced in all the groups when compared with
control (Fig.2). Leptin sceretion was significantly
incrcased in HFD dams and reduced in
HFD+CWdams (Fig.3). CW dams showed a
significant reduction in random blood glucosc levels
(Fig. 4), while scrum insulin levels were significantly

HFD—C w

Fig.1: Body weight gain of dams during gestation. Initial body weight was measured on GD 1 while final body weight
was measured on GD21. P<0.05 was considered significant when compared with “control and "CW groups respectively.

(SOD), catalasc and glutathione peroxidasc (GPx)
levels using standard assay techniques [43-45].

increased in the HFD dams when compared with CW
dams (Fig.5)
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Fig.2: Serum lipid profile of dams on GD21. P<0.05 was considered significant when compared with *control "CW
and ‘HFD+CW groups respectively
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Fig.3: Serum leptin levels of dams on GD 21. P<0.05 was considered significant when compared with *control *CW
and ‘HHFD+CW groups respectively.
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Fig.4: Random blood glucose concentration of dams on GID 21. P<0.05 was considered significant when compared
with *control and "CW groups respectively.
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Fig.7: Serum levels of the steroid hormones; Estradiol, Testosterone and Corticosterone, on GD 21. P<0.05 was
considered significant when compared with *control and "CW groups respectively. '

Hormone profile of dams on GD21

Scrum Luteinizing hormone (LH) levels were
significantly incrcased in CW and reduced in HFD
dams (Fig.6). Serum Follicle Stimulating hormone

(FSH) levels were significantly increased in
HFD+CW dams when compared with CW dams
(Figurc 6). Scrum levels of cstradiol on GD21 were
significantly increased in all the test groups (Fig.7).
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Fig.8: Weight of pups on GD 21. P<0.05 was considered significant when compared with *control and"CW groups respectively.
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Fig.10: Pondcral index (PI) of offspring on PND 1. P<0.05 was considered significant when compared with “control,

*CW and *HFD groups respectively.

Scrum testosterone levels were increased in
HFD+CW dams when compared with the controls
(Fig.7). Compared with the CW dams, HFD dams
showed a decreasc in serum testosterone levels (Fig.
7).Serum corticosteronc levels were not significantly
affected in this study (Fig.7).

Pup morphometry

There was a statistically significant decreasce in the
weight of pups from all the groups on GD21, with
coconut water offspring showing the most
pronounced reduction (Fig.8). The head
circumference of offspring on PND I was
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Fig. 13: Placental thickness and diameter on GD21. P<0.05 was considered significant when compared with *control, *CW and

‘HEFD groups respectively

significantly incrcased by maternal CW
administration and reduced by HFD+CW, while the
abdominal circumference was increcascd in both CW
and HFD (Fig.9). The crown-to-rump length

(height) of pups was significantly reduced in
HFD+CW (Fig.9). Pondcral index (PI) at birth was
significantly incrcased in HFD offspring, while the
CW and HFD+CW offspring showed a reduction in
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PI (Fig.10). An incrcasc in waist-to-height ratio and
a reduction in head-to-abdomen ratio were observed
in CW and HFD offspring; no significant difference
was however observed for both variables in
HFD+CW offspring (Fig.11).

Placental morphometry and redox status

The weight and size of the placenta was significantly
reduced in CW group (Figs.12 and 13). There was

significantly more lipid peroxidation in both the CW
and HFD+CW groups as indicated by the increased
malondialdchyde concentration (Table 1). However,
this process did not adverscly affect the concentration
of antioxidants in the placenta of these groups on
GD 21 (Table 1). Placentas from the HFD group had
significantly higher glutathione peroxidase and
significantly lower supcroxide dismutasc
concentrations than the control placentas (Table 1).

resultant health complications [51]. This occurs as a
result of an incrcasc in ncurogencsis in the
hypothalamic third ventricle and the increased
expression of orexigenic peptides in the developing
foctus [S51]. Maternal HED is thus a major causc for
concern as dictary-induced obesity is becoming more
prevalent among women than men in all regions of
the world [52]. Hence, multi-interventional
approaches arc required to protect future gencrations
from an impending obesity cpidemic.

Coconut watcr is a natural, plcasant-tasting
and sterile drink which contains scveral biologically
active compounds which include; L-arginine,
ascorbic acid, calcium, magnesium and potassium
[41,53,54]. Numcrous hcalth benefits have been
ascribed to coconut water [42,53,55,56]. The
antioxidant, antidiabetic and hypolipidemic ecffects

Table 1: Placental malondialdehyde and antioxidant levels on GD 21.

Groups MDA CATALASE SOD GPx
(pmol/g tissuc) (U/g tissuc) (U/g tissuc) (U/g tissuc)

Control 1.35+£0.07 23.30+1.72 3.47+0.20 1.78+0.12

Coconut Water 2.34+0.41® 27.73+4.14 2.65+0.24 2.24+0.42

High Fat Dict 1.52+0.12 19.98+0.38" 2.09+0.36* 3.95+0.10™

High Fat Dict +

Coconut Water 2.624+0.42* 22.96+2.43 3.08+0.61 2.46+0.47¢

MDA=malondialdchyde, SOD=supcroxide dismutase, GPx=glutathione peroxidase. P<0.05 was considered significant
when compared with *control, *CW and *HFD groups respectively.

Discussion

Foctal programming is a concept which refers to how
matcrnal nutrition and environmental exposures
result into in utero alterations in foctal structure and
function which permancently modify adult physiology
of offspring [4,46]). Maternal obesity and high fat
dict during gestation programme offspring for the
development of obesity, metabolic syndrome and
cardiovascular dysfunction among other related
discases [16,22,47,48]. Pregnancy is normally
associated with a gain in body weight which could
be associated with the growing foctus(cs) and/or an
increase in maternal food intake to cater for the
increased metabolic requirecments. A high fat dict
(HFD) during gestation upsurges the pregnancy-
induced weight gain and portends a negative impact
on the future health of the unborn offspring [48-
50]. Maternal HFD during gestation programmes the
offspring with alterations which predispose them to
overweight, hyperphagia (along with a preference
for fat) and hyperlipidacmia together with the

may hold promisc for the development of sustainable
therapies in metabolic dysfunction.

The hypolipidemic cffect of coconut water
reflected in this study was observed only when the
concentration of dictary fats was increasced. This
supports previous findings [40]. The results of this
study also suggest that coconut water potentiates the
actions of leptin when there is an abundance of
circulating fat, without affecting leptin synthesis.
Leptin is an adipokine which regulates maternal to
foctal metabolic interactions during pregnancy [57].
The mechanism via which coconut water alters the
interplay of leptin, insulin and encrgy balance
requires further investigation as these results suggest
the absence of central leptin resistance and
significant insulin levels (which are normal features
in latc gestation) [58]. The sex hormone activity on
scrum leptin levels is also contrary to what was
reported by Ahima and Flier [59] that testosterone
decrcases and oestrogen increases leptin levels,
thereby suggesting an independent action of coconut
water on lipid metabolism. These results also imply
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