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Abstract

This study investigated the possible ameliorative potentials of methanol extract of Sida acuta leaves (MESA) against high- fat
diet (HFD) induced metabolic syndrome in rats. Forty (40) male albino rats were randomized into 4 groups of 10 animals each.
Group 1 served as normal control and the rats were fed standard rat diet for 90 days. Rats in Group 2 were fed HFD for 90 days and
served as negative control. Groups 3 and 4 rats were fed HFD for 90 days and administered 200 and 400mg/kg MESA concurrently
for 90 days. The effects of treatment on some components of metabolic syndrome (hyperglycaemia, insulin resistance obesity and
dyslipidaemia) were investigated through the measurement of body weight, fasting blood sugar (FBS), serum insulin level, total
cholesterol (Tchol.), triacylglyceride (TAG), High density lipoprotein (HDL) and Low-density lipoprotein (LDL) concentrations.
Results showed that administration of the extract at doses of 200 and 400mg/kg for 90 days significantly (p< 0.05) reduced body
weight, FBS, insulin level, TAG and LDL as well as significantly (p< 0.05) increased serum levels of HDL. It was concluded that since,
the methanol extract of Sida acuta leaves exerted beneficial effects on blood glucose, plasma insulin concentration, body weight, BMI

and serum lipids of HFD-fed rats. It possesses significant anti-metabolic syndrome potentials.
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Abbreviations: MESA: Methanol Extract of Sida Acuta Leaves; FBS: Fating Blood Sugar; BW: Body Weight; BMI: Body Mass Index;
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Introduction

Obesity, dyslipidemia, glucose intolerance, and coronary heart
disease are all symptoms of metabolic syndrome, which lowers
quality of life and raises mortality and morbidity risks [1]. The
prevalence of metabolic syndrome has dramatically increased
globally as a result of modern lifestyles [2] and an increase in the
intake of high-sugar diets, particularly fructose [3]. According to

[4] the prevalence of the metabolic syndrome and its components
is influenced by a person’s genetic background, nutrition, degree
of physical activity, use of tobacco, family history of diabetes, and
educational attainment. The syndrome is made up of a number of
variables, including insulin resistance, visceral obesity, atherogenic
dyslipidemia, endothelial dysfunction, hereditary vulnerability,
high blood pressure, hypercoagulable condition, and chronic stress.
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There are numerous well-established experimentally induced
obesity models that can be used to examine a drug’s efficacy in
treating obesity. However, the most relevant experimental model
that represents human obesity is diet-induced obesity [5].

In this study we used a suitable animal model that mimics
the symptoms of human metabolic syndrome to test the potential
pharmacological properties of Sida acuta in the management of
obesity, diabetes, hypertension and related metabolic disorders.
Despite being readily available, modern pharmaceutical treatments
for the treatment of dyslipidemia and cardiovascular diseases are
expensive and have been found to have substantial side effects
that discourage patient compliance. Therefore, there is need to
find alternative therapies principally from herbal sources because
compared to synthetic medicine they are cheap and having least
side effects. Sida acuta belongs to the family Malvaceae. It is a weed
that commonly dominates enhanced pastures, waste, and anxious
places roadsides [6]. The plant is native to Mexico and Central
America but has spread throughout the tropics and subtropics [7].
In traditional medicine, the plant is often alleged to treat diseases
such as fever, headache, skin diseases, diarrhoea, and dysentery.
The described pharmacological properties of the plants engage the
anti-plasmodial, anti-bacterial, anti-fungal, antioxidant, cytotoxic
activities, and many other properties. Some studies resulted in the
isolation of single compounds while the others just demonstrated
the activity of the crude extracts [8]. There is lack of available data
justifying its role in protecting vascular endothelium damage in
rats induced by high fat diet (HFD). Therefore, this experiment was
designed to investigate the ameliorative effect of Sida acuta extract

on HFD-induced metabolic syndrome in Wistar albino rats.
Materials and Methods
Plant Material

The leaves of Sida acuta were sourced from its natural habitat
in Dekina area of Kogi State and identified by Mr. Gbenga Akanni of
Biological Science Department, Lokoja, Kogi State.

Chemicals and Drugs

Methanol (BDH, England) and all other chemicals used were
purchased from Sigma Chemical, St. Louis USA. A digital glucometer
and its corresponding test strips (Fine Test®, Infopia Co., Ltd. USA)
were purchased from HealthSeal® pharmacy store in Lokoja Local
Government Area, Kogi State.

Preparation of Methanol Leaves Extract of Sida acuta

The leaves of Sida acuta were rinsed in order to remove debris,
dried under shade for 5 days and subsequently pulverized using a
manual blender. The resulting powdered material was extracted
with methanol using cold maceration method. After 72h, the
mixture was filtered using Whatmann filter paper (No 1) to obtain
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the filtrate. The filtrate was concentrated and evaporated to dryness
on a hot water bath at 45°C to obtain the methanol extract of Sida
acuta Leaves (MESA).

Phytochemical Screening

The phytochemical composition of the extract was determined
using the methods of Sofowara [9].

Acute Toxicity Study

The oral median lethal dose (LD, ) of the extract was determined
in rats according to the method described by Lorke [10].

Experimental Design

Forty (40) albino rats were randomized into 4 groups of 10
animals each and fed/ treated as follows:

Group 1: Animals were fed with a standard rat die (30%
protein, 35% carbohydrates, 25.5% fat and 9.5% crude fibre) for
90 days.

Group 2: Animals were fed with HFD (15.5% protein, 18.5%
carbohydrates, 62.5% fat and 3.5% crude fibre. Fat component was
derived from margarine) for 90 days.

Group 3: Animals were fed with HFD for 90 days but treated
with MESA (200 mg/kg/day) concurrently for 90 days.

Group 4: Animals were fed with HFD and treated with MESA
(400 mg/kg/day) concurrently for 90 days.

Measuement of Body Weight and BMI

Body weight and body length Body (measured as nose-anus
length) were measured at the beginning and end of the study. They
were used to calculate the body mass index (BMI) of the rats as
follows:

Body mass index (BMI) = body weight (g)/ length? (cm?).
Determination of Fasting Blood Sugar

Fasting blood sugar was assessed by the using a glucometer
(Fine Test®) with its corresponding strips.

Prior to assessing fasting blood glucose, the animals were
fasted overnight, but were allowed free access to water.

Estimation of Serum Lipid Profile

On the 28th day of the experiment, all the rats were euthanized
by chloroform inhalation and blood samples were collected by
cardiac puncture. The blood was collected into plain serum tubes,
allowed to clot and centrifuged for 10 minutes at 3500rpm. Total
cholesterol (TC), triacylglycerol (TAG) and high-density lipoprotein
(HDL) concentrations will be determined according to the method
of16 while low density lipoprotein (LDL) levels will be calculated
using Friedwald equation [11].
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Plasma insulin determination

This was done according to the method described by Engvall

and Perlmann [12].
Statistical analysis

All data were expressed as Mean * SD and statistical differences
between means were determined by one- way ANOVA followed by

Duncan post -hoc test for multiple comparison tests using SPSS.
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Values were considered significant at p<0.05.
Results
Phytochemical Screening

The Preliminary phytochemical analysis of the extract revealed
the presence of saponins, phenols, terpenoids, flavonoids, tannins,
steroids, and alkaloids in varying quantities (Table1) and (Table 2).

Table 1: Preliminary phytochemical analysis of the methanol extract of Sida acuta leaves (MESA).

Phytochemicals Relative Presence Quantity (mg/100mg)

Saponins + 0.91 £ 0.0001

Phenols +H+ 9.09 £ 0.0072

Terpenoids + 0.48 +0.0001

Flavonoids +H+ 5.85+0.0048

Tannins +++ 491 +0.0052

Steroids ++ 3.461+0.0032

Alkaloids +++ 4.14 £ 0.0024

Key: + Slightly Detected, ++ Moderately Detected, +++ Highly Detected, ND- Not Detected.
Table 2: Acute Toxicity Study of the methanol extract of Sida acuta leaves (MESA).
Group Treatment (mg/kg) D/T
PHASE 1
1 10 0/3
2 100 0/3
3 1000 0/3
PHASE 11

1 1600 0/3
2 2900 0/3
3 5000 0/3

D/T: Number of deaths/ number of rats treated.

Effect of the methanol extract of Sida acuta leaves (MESA)
on FBS of High- fat Diet- fed Rats

The effect of MESA on the FBS of high- fat diet- fed rats is shown
in Table 3. After 90 days of feeding the rats in the negative control
with the high- fat diet, the group showed significant (p<0.05)
increase in FBS compared to normal control rats. Treatment with
MESA at 200 and 400mg kg for 90 days significantly (p<0.05)
reduced FBS compared to negative control. There was no significant
(p>0.05) difference in FBS of rats treated with MESA (400mg/ kg)

compared to normal control (Table 3).

Effect of the methanol extract of Sida acutaleaves (MESA)
on Body Weight (BW) of High- fat Diet- fed Rats

After 90 days of feeding the rats in the negative control with the
high- fat diet, the group showed significant (p<0.05) increase in BW
compared to normal control rats. Treatment with MESA at 200 and

400mg kg for 90 days significantly (p<0.05) reduced BW compared
to negative control (Table 4).

Effect of the methanol extract of Sida acuta leaves (MESA)
on Body Mass Index (BMI) of High- fat Diet- fed Rats

The effect of MESA on the BMI of high- fat diet- fed rats is shown
in Table 5. Feeding of rats in the negative control with the high- fat
diet for 90 days produced a significant (p<0.05) increase in BMI
compared to normal control rats. MESA at 200 and 400mg kg dose-
dependently and significantly (p<0.05) reduced BMI compared to
negative control (Table 5).

Effect of the methanol extract of Sida acuta leaves (MESA)
on the serum lipid profile of High- fat Diet- fed Rats

The effects of MESA on the serum lipid profile of high-fat diet-
fed rats are presented in Table 6. The mean concentrations of
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the total cholesterol (Tchol), triacylglyceride (TAG), high density
lipoprotein (HDL) and low-density lipoprotein (LDL) of the negative
control were significantly higher (P<0.05) than those of the normal
control. MESA at both doses used significantly decreased (P<0.05)
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serum concentrations of Tchol,, TAG and LDL with a corresponding
increase in HDL compared to negative control. There was no
significant (p>0.05) difference in effects of MESA (400mg/ kg)
compared to normal control (Table 6).

Table 3: Effect of the methanol extract of Sida acuta leaves (MESA) on FBS of High- fat Diet- fed Rats.
Treatment Initial FBS (mg/dl) Final FBS (mg/dl)
Normal control 80.45+2.56% 83.61+.0212
Negative control 81.38+3.01° 205.44+8.344
MESA (200mg/kg) 79.41+2.79° 170.21+5.67¢
MESA (400mg/kg) 80.26+3.05° 82.10+4.29°

Data is represented as mean * S.D. Mean values having different lowercase letters down the columns as superscripts are considered significant (p< 0.05).

Table 4: Effect of the methanol extract of Sida acuta leaves (MESA) on Body Weight (BW) of High- fat Diet- fed Rats.

Treatment

Initial Body Weight (g)

Final Body Weight (g)

Body Weight gain (g)

Normal control

141.23+£5.23°

181.48+6.62*

40.25£2.56*

Negative control 139.14+6.45° 308.39+9.79¢ 169.25+15.11¢
MESA (200mg/kg) 140.01+4.38° 210.51+9.13 70.50+2.18¢
MESA (400mg/kg) 140.26+5.60° 200.23+8.45° 59.97+3.22°

Data is represented as mean + S.D. Mean values having different lowercase letters down the columns as superscripts are considered significant (p< 0.05).

Table 5: Effect of the methanol extract of Sida acuta leaves (MESA) on Body Mass Index (BMI) of High- fat Diet- fed Rats.

Treatment Initial BMI (g/cm?) Final BMI (g/cm?) BMI gain (g/cm?)
Normal control 0.68+0.04* 0.77+.0022 0.09+0.01°
Negative control 0.67+0.032 1.21+0.09¢ 0.54+0.03¢
MESA (200mg/kg) 0.64+0.02* 0.92+0.05¢ 0.28+0.02°¢
MESA (400mg/kg) 0.67£0.03* 0.81+0.02° 0.14+0.01°

Data is represented as mean + S.D. Mean values having different lowercase letters down the columns as superscripts are considered significant (p< 0.05).

Table 6: Effect of the methanol extract of Sida acuta leaves (MESA) on the serum lipid profile of High- fat Diet- fed Rats.

Treatment TCHOL TAG HDL LDL
Normal control 83.66+15.23° 72.31+10.41* 50.11+1.15¢ 22.09+1.45°
Negative control 180.14+12.16¢ 100.45+10.29¢ 11.40+2.21° 148.65+15.44¢

MEZM (200mg/kg) 100.21+12.31° 89.41+6.41° 45.32+5.22b 37.01£3.14°
MEZM (400mg/kg) 85.26+11.23* 73.35+8.39° 50.26+3.01¢ 20.33+2.61°

Data is represented as mean + S.D. Mean values having different lowercase letters down the columns as superscripts are considered significant (p< 0.05).

Effect of the methanol extract of Sida acuta leaves (MESA)
on Plasma Insulin Level of High- fat Diet- fed Rats

The effect of MESA on the insulin level of high- fat diet- fed rats
is shown in Figure 1. 90 days of feeding of the negative control rats
with the high fat diet, significantly (p<0.05) increased the insulin
level compared to normal control. Treatment with 200 and 400mg/
kg of MESA for 90 days produced a significant (p<0.05) decrease in
insulin level compared to negative control. There was no significant
(p>0.05) difference in plasma insulin of rats treated with MESA

(400mg/ kg) when compared to normal control (Figure 1).
Discussion

The metabolic syndrome is a serious health issue globally.
Rapid urbanization, surplus energy intake, increasing obesity, and
sedentary life habits are the major factors responsible for metabolic
syndrome. Metabolic syndrome increases the risk of developing
type 2 diabetes mellitus, cardiovascular diseases, stroke and death.
Effective preventive approaches include lifestyle changes, primarily
weight loss, diet, and exercise, and the treatment comprises the
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appropriate use of pharmacological agents to reduce the specific
risk factors [13-16]. Traditionally, many medicinal plants have been

used to treat the individual components of the metabolic syndrome.
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In this study we used a suitable animal model that mimics some
symptoms of human metabolic syndrome to test the potential
beneficial properties of the methanol extract of Sida acuta leaves.
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Figure 1: Brain

Preliminary phytochemical analysis of the extract revealed the
presence of tannins, alkaloids, saponins, terpenoids, steroids, and
flavonoids in varying proportions. Over the last decades, the role of
these phytochemicals in features of metabolic syndrome has been
extensively investigated. Due to their multiple properties, these
plant-derived natural compounds have demonstrated to provide
positive effects in obesity, diabetes, renal and in cardiovascular
diseases. The effectiveness of the extract investigated in this study

could be attributed to the presence of these phytochemicals.

The acute toxicity study of the extract (10-5000mg/kg)
produced no significant physical signs of toxicity such as writhing,
weakness, anorexia, gasping, and palpitation, reduction in body
weight, decreased respiratory rate or death in both phases of the
study. Hence, the oral median lethal dose (LD, ) of the extract was
therefore estimated to be greater than 5000 mg/kg. The implication
of this is that the extract is safe when consumed acutely even at
a high dose. However, long term toxicity studies are required to
establish the safety of this extract.

This study confirmed that HFD might be a good way to initiate
insulin resistance [11,17] which is the consequence of a number
of defects including impaired insulin secretion by the pancreatic
cell, resistance of peripheral tissues to the glucose utilizing effect
of insulin and augmented hepatic glucose production [18,19]. This
was evident in this study as an increase in FBS and plasma insulin
concentration was observed in rats fed with HFD. In this study, intake
of HFD for 90 days also significantly increased the body weight and
BMI. Dyslipidaemia was also observed, and this could be as a result
of an increase in the influx of greater amounts of non-esterified

fatty acids to liver causes an increase in triacylglycerol level which

may cause dyslipidemic change [20]. It has been demonstrated
that changes in lipid concentrations and lipoprotein fractions are
associated with the increased risk for obesity-related metabolic
conditions. It has also been found that obesity is a significant risk
factor for the development of cardiovascular diseases [21,22].

Treatment of HFD- fed rats with 200 and 400 mg/kg of methanol
extract of Sida acuta leaves for 90 days, significantly reduced the
FBS and insulin concentration. This observation could possibly be
attributed to the relatively high antioxidant activity of the leaves.
The extract might have also produced its antihyperglycaemic
activity through the release of insulin by inhibiting the ATP-
sensitive potassium channels in the membrane of the residual beta
cells just like sulfonylureas and meglitinides. It is also possible that
the extract might have potentiated the action of insulin to stimulate
glucose uptake and utilization by tissues, especially by the liver,
skeletal muscle, and adipose tissue [23].

In this study, the HFD also increased the body weight and
BMI of rats. This observed increase could be as a result of fat
deposited due to variations between the energy intake and energy
expenditure in the rats. Treatment with 200 and 400mg/kg of the
extract effectively reduced the body weight and body mass index of
the obese rats. In view of this, we can safely say that the methanol
extract of Sida acuta leaves is capable of reversing obesity, a major
factor in metabolic syndrome. Elevated levels of TC, TAG and LDL
with concomitant reduction in HDL characterize the dyslipidemic
changes reported for HFD. Indeed, TC, TAG, LDL and HDL indicate
disordered lipid metabolism and predisposition to cardiovascular
disease. These alterations could predispose the risk of developing
atherosclerosis and cardiovascular diseases while reduction in HDL
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cholesterol could intensify the development of atherosclerosis and
cardiovascular diseases. Indeed, results of this study revealed that
administration of 200 and 400 mg/kg of the extract had a favorable
effect on the lipid profile of HFD- fed rats as it decreased serum
concentrations of TC, TAG and LDL and also increased HDL serum
concentration as compared to negative control. The observed
reduction in serum cholesterol may be attributed to the levels of
polyphenolic (flavonoids, tannin and saponins) compounds present
in the extract. The reversal of HFD-fed rats mediated alterations in
lipid profile by the extract suggests anti-dyslipidemic activity.

Conclusion

The methanol extract of Sida acuta leaves exerted beneficial
effects on blood glucose, plasma insulin concentration, body
weight, BMI and serum lipids of HFD-fed rats. Therefore, the extract
possesses significant anti-metabolic syndrome potentials.
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