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Effect of ethanolic leaf extract of noni (morinda
citrifolia l.) on blood pressure in ovariectomized rats
fed with high-fat diet
Abstract
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Menopause has been associated with cardiovascular disease (CVD) complications
including hypertension, and stroke. Oestrogen withdrawal and consumption of highfat diet have been related to detrimental effects on cardiovascular function and blood
pressure in menopausal women. Hence, the present study was aimed to investigate the
effect of Noni (Morinda citrifolia L.) on blood pressure in menopausal rat model fed
with high-fat diet. Twenty four Sprague-Dawley rats were randomly divided into four
groups; Group 1: Sham control (Sham); Group 2: ovariectomized rats fed with 2%
cholesterol diet (Ovx control); Group 3: ovariectomized rats fed with 2% cholesterol
diet and Noni (125mg/kg/b.w) (Ovx + Noni); Group 4: ovariectomized rats fed with
2% cholesterol diet and statin (10mg/kg/b.w) (Ovx + Statin) daily for eight weeks.
Food intake was measured at weekly basis. Body weight and blood pressure (systolic,
diastolic and mean) were determined at base line and eighth week respectively.
Ovx control and experimental groups showed significant increase in body weight
and food intake at eighth week when compared to base line groups. However, there
was no significant difference among the experimental treated groups. There was no
significant difference in systolic, diastolic and mean blood pressure observed in Ovx
control and experimental groups. Based on the above findings, it is believed that Noni
did not show any positive effects in ovariectomized rats fed on high-fat diet for eight
weeks (short term) to ovariectomized rats fed with high-fat diet resulted in significant
increase in the food intake and body weight compared to base line, however there was
no significant difference in the blood pressure of Ovx and experimental groups due to
short duration of the study.
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Introduction
Cardiovascular disease (CVD) remains as the number one killer of
the society worldwide. In 2008, 30% of all global deaths were attributed
to CVD. Cardiovascular death has increased at a fast rate in both low
and middle-income countries.1 There are various causes of CVD
among which is menopause, which is greatly related to CVD and its
complications, including hypertension, myocardial infarction, stroke,
and renal failure.2,3 Postmenopausal obesity is also accounted for the
increased risk of various diseases, including diabetes, hypertension,
osteoporosis and a variety of cancers.2 Experimental studies have
shown ovariectomized (Ovx) rats as a menopausal model for the
tentative investigations.3 Elevated blood pressure (BP) is the main
symptom in the CVD and is a primary basis of morbidity and mortality
worldwide. Hypertension is an intricate disease, with multifactorial
disorders including hereditary and lifestyle changes.3 Based on the
epidemiological surveys, multifactorial conditions are connected with
an elevated BP, which includes age, gender, race, diet, consumption
of alcohol, physical activity, body weight, socioeconomic status, and
emotional disturbances. In Malaysia, the information from Institute
of Public Health (IPH) accounted to about 37% of the inhabitants
having hypertension.4 Lacking or absence of oestrogens easily causes
overweight or obesity after menopause and lacking of physical exercise
is one of the primary modulators of this body weight gain.5,6 Morinda
citrifolia L., or Noni, is a plant belonging to the family Rubiaceae,
native to Southeast Asia. Each part of the plant, from its roots to
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its seeds, is widely used in folk medicine, and several therapeutic
effects have already been reported.7 Biological actions of M. citrifolia
include antioxidant,8 immunostimulatory,9 antitumor,10 antidiabetic,11
anti-obesity12 antibacterial and anti-septic,13,14 antifungal,15 antiviral,16
leishmanicidal,17 anti-inflammatory,18 antinociceptive and analgesic,19
neuroprotective,20 wound healing,21 anti-allergic,22 antiangiogenic,23
antiemetic and anti-nausea,24 anti-gastric ulcer and oesophagitis,25
anthelmintic,26 antimutagenic,27 antipsychotic,28 anxiolytic,29 photo
protective,30 anti-wrinkle31 and periodontal tissue regeneration
activities32 have been reported. In the present study, we hypothesized
the beneficial effect of Noni (Morinda citrifolia L.) in reducing blood
pressure in ovariectomized rats fed with high-fat diet.

Materials and methods
Animals
This study was performed after obtaining ethical approval from
the University Kebangsaan Malaysia Animal Ethics Committees (FP/
ANAT/2014/FAIZAH). Twenty-four adult female Sprague Dawley
rats (weighing 250-260g) were used for the present study. All rats had
free access to drinking water and fed on the high-fat chow except
for the sham group. The animals were allowed to acclimatize for 1
week before the experiment was performed. Throughout the study, the
rats were housed one per cage, kept under controlled environmental
conditions (12-hour cycle- light/dark) and provided free access to
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food and water ad libitum. Two percent cholesterol diet was purchased
from Next Gene Scientific Sdn Bhd, Singapore.

Preparation of M. citrifolia
Leaves of M. citrifolia were obtained from Forest Research
Institute Malaysia (FRIM) and botanical identification was done
by the taxonomical expert. The leaves were weighed and dried in
room temperature, while shaded with no light. The dried leaves were
ground to powdered form. The powder was soaked in 70% ethanol for
3 days. The procedure was repeated twice. It was then filtered and put
into a rotatory evaporator. Water was added to form aqueous solution
and finally freeze dried to form powder. The extract was administered
daily at a dose of 125mg/kg/b.w to the respective treatment groups via
oral gavage for 8 weeks.
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Results
In the present study, the changes in the body weight and food
intake of the animals with consumption of 2% cholesterol diet, Noni,
and Statin were determined (Figure 1 & 2). The food intake between
Ovx control and experimental and Sham groups were compared. It
was shown that Ovx group had a significant (p<0.05) increase in
food intake at the third and eighth week of the study compared to the
Noni and Statin treated groups (p<0.001). There was no significant
difference in food intake between Noni and Statin treated groups,
neither with the Ovx control nor with the Sham groups. Furthermore,
there was no significant difference in body weights found between
Ovx control and Sham groups too. There was a significant (p<0.05)
body weight increase in the Ovx control, Noni and Statin groups at the
eighth week when compared to their base line values.

Procedure for ovariectomy
All the animals, except Sham group were ovariectomized
following intraperitoneal injection of ketamine hydrochloride and
xylazine (50 and 10mg/kg bw respectively). Bilateral ovariectomies
were performed from the dorsal approach.

Experimental design
Animals were divided into four groups with six rats each. All
groups were ovariectomized except for sham after being anesthetized
with ketamine hydrochloride and xylazine at respective doses of 50
and 10mg/kg b.w/i.p once before the ovariectomy procedure. Duration
of the feeding was eight weeks.
i. Group 1: Sham fed with Normal rat chow control (Sham);
ii. Group 2: ovariectomized rats fed with 2% cholesterol diet (Ovx
control);
iii. Group 3: ovariectomized rats fed with 2% cholesterol diet and
Noni (125mg/kg/b.w) (Ovx+Noni);
iv. Group 4: ovariectomized rats fed with 2% cholesterol diet and
statin (10mg/kg/b.w) (Ovx+Statin).

Figure 1 Effect of noni on body weight changes in ovariectomized rats fed
with 2% cholesterol diet.
Values are given as mean±SD of six rats in each group. Values not sharing a
common letter are significantly different among the groups (p<0.05).

Measurement of food intake and body weight
Food intake and body weight were measured at weekly intervals
for four weeks in all the groups. Measurement of food intake was
calculated by subtracting the total amount provided to the remaining
amounts in the cage. Body weight was measured by using the
electronic weighing scale. The increase in the body weight was
calculated by deducting the initial weight from the final weight.

Measurement of blood pressure
Blood pressure was measured using the non-invasive tail-cuff
method with sphygmomanometer technique using CODA data during
baseline and at the end of eighth week. The rats were anesthetized by
inhalation of diethyl ether before the measurement was taken. The
readings were measured thrice; one after the other and the mean was
then taken as an ultimate reading for systolic BP. The experiment
lasted for eight weeks. The systolic, diastolic and mean blood pressure
was determined once in a week.

Statistical analysis
The results were expressed as the mean±SD. Statistical analysis,
including analysis of variance (ANOVA), was performed using SPSS
20 software. Significant differences (p<0.05) between the means were
determined by Duncan’s multiple range test (DMRT).

Figure 2 Effect of noni on average food intake in ovariectomized rats fed with
2% cholesterol diet.
Values are given as mean±SD of six rats in each group. Values not sharing a
common letter are significantly different among the groups (p<0.05).
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The systolic blood pressure was measured in normal and
cholesterol fed groups with Noni and Statin treated ovariectomized
rats. The results were compared between the groups at the end of
the study (i.e. at 8th week of experimental period) (Figure 3A). It
was observed that Ovx control group showed no significant increase
in systolic blood pressure compared to sham group. No significant
increase in systolic blood pressure was observed in the Noni and
Statin treated animals when compared to Ovx control group. The
diastolic blood pressure was measured in sham and cholesterol diet
fed ovariectomized rats with Noni and Statin treated animals and the
results were compared between the experimental groups at the end of
the study (Figure 3B). It was observed that the Ovx control showed
a significant (p<0.05) decrease in diastolic blood pressure compared
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to sham. Treatment with Noni and Statin in Ovx groups at the eighth
week showed a significant (p<0.05) increase in the diastolic blood
pressure when compared to Ovx control and sham groups. There was
no significant difference in diastolic blood pressure observed between
the Noni and Statin groups.
The mean arterial blood pressure was measured in sham and
cholesterol diet fed ovariectomized rats with Noni and Statin treated
animals and the results were compared between the groups at the end
of the study (Figure 3C). It was observed that the Ovx control group
had no significant difference in the mean blood pressure compared
to the sham group. However, there was significant increase (p<0.05)
in mean arterial pressure observed in the Noni and Statin groups
compared to Ovx control.

Figure 3 Effect of noni on blood pressure in ovariectomized rats fed with 2% cholesterol diet.
Values are given as mean±SD of six rats in each group.Values not sharing a common letter are significantly different among the groups (p<0.05).
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Discussion
Several clinical and experimental studies had been carried out to
investigate the complications that occur in postmenopausal states.
Ovariectomized Sprague Dawley rats had been used as the model
for postmenopausal states in human.33 Duration of the experimental
period is worth studying to know the effects of cholesterol diet in short
and long term periods. According to the literatures explored, short
term period is presumed from 7 days to 4 weeks/less than 5 weeks
and long term period is between 5-24 weeks of dietary cholesterol
consumption. These durations are widely used in the atherosclerotic
related cholesterol diet researches.34,35
The present study used the ovariectomized rats to determine the
effect of Noni, with Statin as its positive control on blood pressure,
body weight and food intake following eight weeks of consumption
of high fat diet containing 2% cholesterol. It was found that there was
a significant increase in the body weight by the eighth week when
compared to the base line values. No significant difference in the food
intake in Ovx control group compared to sham group. The underlying
mechanism related to the food intake and body weight changes in
ovariectomized group fed with cholesterol is poorly understood.
Yet, it was stated that cholesterol levels are strongly linked with the
dietary intake. According to the literatures, individuals consuming
more cholesterol in daily diet incline to have increased body weight
compared to the individuals with normal diet.36 Our finding is in
agreement with the previous study which reported that the significant
increase in food intake was seen in the experimental rats within the
first few weeks of ovariectomy.37 The increase in the body weight
following gradual intake of food might most probably be due to the
gradual reduction in lean body mass and progressive fat accumulation
in different body regions. Progressive fat accumulation induces
oxidative stress and was proven to cause obesity, hypertension and
cardiovascular diseases.38 Previous study observed that weight gain in
the ovariectomized rats was due to the oestrogen deficiency resulting
in an increase in the fat accumulation.33 However, the findings are
not in line with the present results which showed that Ovx group did
not exhibit any significant increase in the body weight compared to
the sham group. It can be explained that oestrogen has less influence
on the body weight in early onset of postmenopausal state. Based
on the present study, the increase in body weight mainly reflects the
consumption of cholesterol diet. It is proven that the effect of oestrogen
deficiency is further worsened with the additional cholesterol intake.
Weight gain among the ovariectomized rats would probably happen
with time.
Oestrogen deficiency causes a significant increase in the total
cholesterol and triglycerides, which affects lipoprotein metabolism,
platelet aggregation and vessel resistance.39 Previous studies observed
that the intake of cholesterol-rich food develops obesity and several
cardiovascular complications in various animal models.40,41 These
high cholesterol diets induced damage to the endothelium of large
arteries and heart causing hypertension and subsequently, producing
atherosclerosis resulting in coronary heart disease.42
In the present study, it is shown that there is no difference in
the systolic, diastolic and mean blood pressure in the Ovx group.
It was observed that consumption of additional 2% cholesterol diet
for eight weeks caused no significant changes in the blood pressure
measurement. The oestrogen deficiency following ovariectomy and
increase cholesterol intake are the predisposing factors of the obesity.
The incidence of hypertension frequently occurs in obese women

Copyright:
©2017 Sukalingam et al.

84

with poor diet control, modern life style, existing family history and
menopausal age.43 Therefore, it is most likely that ovariectomized
rats fed with 2% cholesterol diet would develop hypertension. No
significant changes were observed in the Ovx group was most likely
due to its early onset of postmenopausal state. Oestrogen deficiency
is believed to affect the physiological changes after prolonged onset.
However, lack of oestrogen along with consumption of cholesterol
diet may worsen the above findings even in the early onset.
In a routine research on cardiovascular disease, ovariectomized rats
fed with 2% cholesterol had been used to develop the atherosclerotic
animal model. The experiments related to this type of animal models
are needed to be carried out for prolonged period (up to 24 weeks)34,35
in order to achieve the significant outcomes of atherosclerosis or
hypertension. Based on the present findings, it is proven that the use
of 2% cholesterol diet caused no such significant increase in food
intake, body weight and blood pressure in ovariectomized rats over
eight weeks (short term period) following ovariectomy.

Conclusion
Based on the observations, we concluded administration of Noni
and Statin with the cholesterol diet for eight weeks (short term)
resulted in significant increase in the food intake and body weight
compared to base line, however there was no significant increase in
the blood pressure of Ovx and experimental groups due to the short
duration of the study.
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