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ABSTRACT

Aim: The aim of this study was to compare the effect of ethanolic extract of
Sphenocentrum jollyanum on high fat and high carbohydrate diet induced obesity in male
wistar rats.
Methodology: 30 male wistar rats used for this study were divided into 5 groups of 6 rats
each. Group 1 was fed the normal pellet diet (NPD), Group 2 and 3 were fed with high fat
diet (HFD), Group 4 and 5 were with fed high carbohydrate diet (HCD) and all groups had
free access to diets and water ad libitum for 18 weeks. Treatment with 500mg/kg b.w
ethanolic extract of S. jollyanum for Group 3 and 5 started in the 14th week, that is, at the
end of obesity induction and lasted for another four weeks. The extract was suspended in
normal saline and administered orally to the rats using a gavage tube. Thereafter, the
food intake, body weight, total fat mass, adiposity index, total cholesterol, triglycerides,
high density lipoprotein cholesterol, very low density lipoprotein cholesterol, low density
lipoprotein cholesterol, creatine kinase, lactate dehydrogenase, glucose, insulin and leptin
were measured.
Results: The results showed that feeding with HFD and HCD significantly increased
(p<0.05) body weight, total fat mass, adiposity index, total cholesterol (TC), triglycerides
(TG), very density low cholesterol (VDL-C), low density low cholesterol (LDL-C), creatine
kinanse (CK) activity, lactate dehydrogenase (LDH), glucose, insulin and leptin levels. The
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ethanolic extract of S. jollyanum significantly decreased total fat mass, adiposity index,
TC, TG, VDL-C, LDL-C, CK activity, LDH, glucose and leptin levels in the HFD group.
While among the HCD group, S. jollyanum significantly decreased total fat mass,
adiposity index and CK activity.
Conclusion: The high fat and high carbohydrate diet induced obesity in the wistar rats
and the decrease in the lipid profile, heart biomarkers, glucose and leptin by ethanolic
extract of S. jollyanum shows that the plant might possess anti-obesity effect.

Keywords: Obesity; diet; Sphenocentrum jollyanum; fat; carbohydrate.

1. INTRODUCTION

Obesity is a leading preventable cause of death worldwide, with increasing prevalence in
adults and children, and health organizations view it as one of the most serious public health
problems of the 21st century [1]. The change in the average weight of the population is
occurring quickly, and within a few generations the bell-curve of human-weight distribution
has shifted toward greater weight [2]. The reason for this change in body weight has gone
beyond genetics alone, rather substantial changes in diet and sedentary lifestyle have
contributed to the obesity epidemic.

High carbohydrate and fat diets are fast becoming the trend in developing countries like
Nigeria [3]. As life gets better with increased earnings, many Nigerians take pleasure in
eating foods high in fat and carbohydrates from their favorite big eateries. These foods are
increasingly consumed in association with sweetened drinks, snacks, and other liquid
formulations. It has been reported that the trends in soft drink consumption by children are
associated with an alarming increase in the prevalence of obesity and co-morbidities in
children and adolescents [4,5,6,7]. The long-term effect of increased prevalence of obesity
due to trends in soft drink consumption would be early onset obesity as this generation
progresses to adulthood [8].

Obesity is not just a cosmetic consideration; it is a dire health dilemma directly harmful to
one's health. Obesity increases the likelihood of various diseases, particularly heart disease,
type 2 diabetes, obstructive sleep apnea, certain types of cancer, and osteoarthritis [9].
Apart from dieting, exercising and surgery, medications such as Sibutramine and Orlistat
have been used in the treatment of obesity. These synthetic drugs have side effects and are
not safe for everyone. Recently, there has been a paradigm shift in research from synthetic
drugs to medicinal plants which are often cheaper, locally available, and easily consumable
(raw or as simple medicinal preparations) with less side effects.

In order to find a promising plant for this study, a visit was made to different traditional
healers in Imo State, Nigeria. The claim by some traditional healers that Sphenocentrum
jollyanum Pierre is used to treat obesity was the reason this herbal plant was chosen for this
study. S. jollyanum is a deep rooted plant that grows up to 1.5m high having few branches. It
has a wide range of beneficial biological and pharmacological activities. The leaves
decoctions of S. jollyanum is used as vermifuge and in dressing wounds as first reported by
Dalziel [10]. The plant is also used for treating feverish conditions, cough, jaundice, breast
swelling related to menstrual cycles, as an aphrodisiac and other inflammatory conditions
such as tumours [11]. There is no available information on the effect of S. jollyanum on
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obesity. Therefore, the aim of this study was to compare the effect of ethanolic extract of S.
jollyanum on high fat and high carbohydrate diet induced obesity in wistar rats.

2. MATERIALS AND METHODS

2.1 Plant Material

Fresh roots of S. jollyanum Pierre were collected from a farm land behind Comprehensive
Secondary School in Umuekwune, Imo State, Nigeria. The plant was collected in the month
of March, 2012. The plant was identified by the Chief Research Officer (a taxonomist) at the
Forestry Research Institute of Nigeria (FRIN), Ibadan, Oyo State, Nigeria.

2.2 Experimental Animals

Thirty male wistar rats weighing 80-90g were used for this study. The rats were purchased
from Anatomy Department, University of Benin, Nigeria. All animals were housed in steel
cages and each cage contained 6 rats. Rats were maintained under controlled temperature
(± 23ºC) and a 12:12h light/dark cycle. The rats were acclimatized for two weeks having free
access to water and normal pellet diet (NPD) until they were divided into groups. The study
was done in accordance with the guidelines of Faculty of Life Sciences at University of Benin
for animal use.

2.3 Preparation of Plant Extract

The fresh roots of the plant was washed, sliced into small pieces and air-dried in the
laboratory at room temperature. The dried plant roots were grinded into powder. 250g of the
powdered plant was soaked in 500ml of 95% ethanol in a container for 72 hour and stirred
intermittently with a stirring rod. Thereafter, it was filtered using Whatman No. 1 filter paper.
The filtrate was concentrated using a rotary evaporator under reduced pressure. The slurry
concentrate was freeze dried to get powder and was stored in a refrigerator (4ºC).

2.4 Phytochemical Screening

Phytochemical screening of the root of S. jollyanum Pierre was done using standard
methods of analysis [12,13]. The phytochemical screening of the plant was done for
saponins, flavonoids, tannins, alkaloids, steroids, terpenoids, cardiac glycosides and
reducing sugars.

2.5 Acute Toxicity (LD50) of Plants

The acute toxicity of the ethanolic extract of S. jollyanum root was carried out [14,15].

2.6 Composition of Experimental Diet

Three types of diet were formulated for the study as shown in Table 1. First, the normal
pellet diet which included 60% of carbohydrate (garri), 5% of fat (butter), 30% of protein
(bonga fish), 1.5% of fiber, 2.5% of multi-minerals and 1.0% of multi-vitamins.  Second, the
HCD which contained 80% of carbohydrate (garri 60% and sucrose 20%), 5% of fat (butter),
10% of protein (bonga fish), 1.5% of fiber, 2.5% of multi-minerals and 1.0% of multi-vitamins.
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While the third was HFD which contained of 25% of carbohydrate (garri), 50% of fat (butter),
20% of protein (bonga fish), 1.5% of fiber, 2.5% of multi-minerals and 1.0% of multi-vitamins.

Table 1. Composition of Experimental Diet

Composition Food/ Supplements NPD (%) HCD (%) HFD (%)
Carbohydrates Garri 60.0 80.0 25.0
Fat Butter 5.0 5.0 50.0
Proteins Bonga Fish 30.0 10.0 20.0
Fiber Afrodak 1.5 1.5 1.5
Mineral mixture Multi-minerals 2.5 2.5 2.5
Vitamin mixture Multi-vitamins 1.0 1.0 1.0
Energy (KCal/g) 4.095 4.095 6.345

2.7 Induction of Obesity in the Rats

A total of 30 rats were randomly assigned into two groups, normal 6 rats and obese 24 rats.
Obesity was induced in the 24 rats by feeding 12 rats with high fat diet (HFD) and the other
12 rats with high carbohydrate diet (HCD) for 14 weeks (Tables 1 and 2). Rats fed with HFD
and HCD whose body weight was significantly increased compared to the normal control
were considered obese [16,17].

2.8 Experimental Design and Animal Grouping

After induction of obesity, the rats were assigned in 5 groups of 6 rats per group. Group 1
was fed the NPD, Group 2 and 3 were fed HFD, Group 4 and 5 were fed HCD and all groups
had free access to water ad libitum for 18 weeks (Table 2). Treatment with 500mg/kg b.w of
S. jollyanum extract started in the 14th week and lasted for another four weeks. The extract
was suspended in normal saline and administered orally to the rats using a gavage tube.

Table 2. Experimental design and animal grouping

Group Nutrition for 14 weeks Treatment for 4 weeks
1 Normal Pellet Diet (NPD) Normal Control
2 High Fat Diet (HFD) HFD Obese Control
3 500 mg/kg b.w S. jollyanum
4 High Carbohydrate Diet (HCD) HCD Obese Control
5 500 mg/kg b.w S.  jollyanum

2.9 Food Intake and Body Weight Measurement

The food intake was measured daily in grams (g). Food intake was calculated by subtracting
the refusal and spillage for the individual solid diets per cage from the measured amount of
food provided at the previous day. The average of food intake was represented in
gm/day/group. The body weight of the rat was measured weekly in grams (g).
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2.11 Blood Sample Preparation and Bioassays

At the end of the experiment, rats were fasted for 12 to 14 hours. After being anesthetized
with chloroform, blood was collected by cardiac puncture from the rats at fasting state. The
blood which was collected in plain tubes was allowed to stand for 15 minutes to coagulate
before centrifugation at 3500rpm for 15 minutes at room temperature for separation of
serum. The clear, non-haemolysed supernatant was separated using clean dry Pasteur
pipette and stored at -20ºC. Serum was used for subsequent biochemical measurements as
follows: total cholesterol [18], triglycerides [19], high density lipoprotein cholesterol [20], very
low density lipoprotein cholesterol (triglycerides/5), low density lipoprotein cholesterol [21],
creatine kinase activity [22], lactate dehydrogenase [23], glucose [18], insulin (DRG Insulin
ELISA kit, USA) and leptin levels (DRG Leptin ELISA kit, USA).

2.12 Total Fat Mass Determination

Five different white adipose depots (Two subcutaneous and three intra-abdominal) and
interscapular brown adipose tissue were harvested from each rats after abdominal incision.
The fats were weighed and the sum was regarded as the total fat mass.

2.13 Adiposity Index

Adiposity index was estimated by the sum of epididymal, visceral and retroperitoneal fat
pads divided by the body weight × 100, and expressed as adiposity percentage [24].

2.14 Statistical Analysis

The experimental results was expressed as the Mean ± S.E.M. Statistical significance of
difference in parameters amongst groups was determined by One way ANOVA followed by
Duncan’s multiple range test using SPSS 17 software. P<0.05 was considered to be
significant.

3. RESULTS

The phytochemical constituents in the ethanolic root extract of S. jollyanum had alkaloid,
saponin, tannin, flavonoid, cardiac glycoside, terpenoid and reducing sugar (Table 3). In the
acute toxicity test, at 6400mg/kg b.w. oral dose, the rats showed signs of general weakness
and sluggishness which were the major behavioral changes. These behavioral changes
disappeared after 1 hour of observation. Since no death was recorded at any of the doses
administered, the oral LD50 of S. jollyanum was determined as >6400mg/kg b. w. in wistar
rats.

The food intake of the HCD control group was increased significantly compared to the
normal control, but there was no significant difference in the HFD control group compared to
the normal control at the 18th week. Apart from the food intake, there was no significant
difference in the body weight, fat mass and adiposity index between the HFD and HCD
obese controls. The food intake of the HFD and HCD groups treated with S. jollyanum was
not significantly decreased compared to HFD obese control and HCD obese control. The
body weight of the HFD and HCD obese controls significantly increased compared to the
normal control, however, the obese rats treated with S. jollyanum significantly decreased in
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total fat mass and adiposity index, but not in body weight when compared to the HFD and
HCD obese controls (Table 4).

Table 3. Phytochemical constituents of the ethanolic extract of S. jollyanum

S/No. Phytochemical Constituents S. jollyanum (root)
1. Alkaloid +
2. Saponin +
3. Tannin +
4. Steroid -
5. Flavonoid +
6. Cardiac glycosides +
7. Terpenoids +
8. Reducing sugar +

(+) = Presence, (-) = Absent

Table 4. Food intake, body weight, fat mas and adiposity index of rats treated with
the extract

GROUP Food intake (g) Body weight (g) Total Fat
Mass (g)

Adiposity
Index

Normal Control 63.13±2.11b 293.67±9.17c 20.58±0.50d 3.29±0.18d

HFD Obese Control 57.33±1.26b 395.00±6.35a 31.30±0.59a 5.17±0.16a

HFD + S.  jollyanum 58.17±1.82b 379.67±9.77ab 27.05±0.78b 4.29±0.11b

HCD  Obese Control 76.72±1.64a 399.33±7.06a 29.43±0.68a 4.63±0.11a

HCD + S.  jollyanum 65.94±2.07c 384.67±11.86ab 24.36±0.58c 3.54±0.24c

Values are expressed as means ± SEM. Means in the same column not sharing common letter(s) are
significantly different (p < 0.05)

As shown in Table 5, the HFD and HCD obese rats had significantly increased serum
triglycerides (TG), total cholesterol (TC), very low density lipoprotein cholesterol (VLDL-C)
and low density lipoprotein cholesterol (LDL-C), with a decrease in high density lipoprotein
cholesterol (HDL-C) which was not significant. The HFD obese control had significantly
higher TC and LDL-C levels than the HCD obese control. The HFD group treated with S.
jollyanum showed significant decrease in TG, TC, VLDL-C and LDL-C but a significant
increase in HDL-C when compared to the HFD obese rats. Whereas in the HCD group
treated with S. jollyanum, there was no significant difference in the TG, TC, HDL-C, VLDL-C
and LDL-C compared to the HCD obese rats.

The CK-activity and LDH level were significantly elevated in the HFD and HCD obese
groups compared to the normal control. The HFD obese control had significantly higher CK
activity than the HCD obese control; The reverse was the case after treatment with S.
jollyanum extract. The HCD obese control showed significant increase in LDH when
compared to the HFD obese control. Treatment with S. jollyanum extract significantly
reduced the CK activity and LDH in the HFD obese group when compared to the HFD obese
control; whereas only CK activity was significantly reduced by treatment with S. jollyanum
extract in the HCD obese group when compared to the HCD obese group (Figs. 1 and 2).
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Table 5. Lipid profile of rats treated with the plant extracts

Group TG (mg/dl) TC (mg/dl) HDL-C (mg/dl) VLDL-C (mg/dl) LDL-C (mg/dl)
Normal control 45.58±0.91d 43.78±1.45d 29.97±1.70ab 9.12±0.11d 4.68±0.50c

HFD obese control 95.72±7.59a 73.34±2.76a 23.38±1.13e 19.14±1.52a 30.82±3.06a

HFD + S.  jollyanum 66.24±2.43bc 57.69±1.76b 35.67±2.08a 13.25±0.49bc 8.77±2.05bc

HCD obese control 83.57±5.00ab 54.50±2.09bc 23.98±1.51c 16.71±1.00ab 13.82±1.39b

HCD + S.  jollyanum 75.97±9.15abc 51.02±4.77bcd 26.68±3.41bc 15.19±1.83abc 9.15±1.7bc

Values are expressed as means ± SEM. Means in the same column not sharing common letter(s) are significantly different (p < 0.05)

Fig. 1. CK activity of rats treated with S. jollyanum extract
Values are expressed as means ± SEM. Means in the same column not sharing common letter(s) are significantly different (p < 0.05)
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Fig. 2. LDH of rats treated with S. jollyanum extract
Values are expressed as means ± SEM. Means in the same column not sharing common letter(s) are

significantly different (p<0.05)

Serum glucose and leptin levels were significantly higher in HFD obese control while glucose
and insulin levels were higher in HCD obese group when compared to the normal control.
The HFD and HCD obese rats had no significant difference in their glucose, insulin and
leptin levels. The S. jollyanum extract significantly decreased glucose and leptin levels in the
HFD treated group and when compared to HFD obese control. No significant difference was
observed for the HCD treated group (Table 6).

Table 6. Blood glucose, insulin and leptin of rats treated with the plant extracts

Group Glucose (mg/dl) Insulin (µlU/ml) Leptin (ng/ml)
Normal Control 65.00±2.89d 2.33±0.03c 2.63±0.15bcd

HFD Obese Control 91.67±1.67a 2.37±0.09bc 3.10±0.12a

HFD + S.  jollyanum 68.33±6.01cd 2.37±0.03bc 2.50±0.06cd

HCD  Obese Control 89.67±3.18ab 2.50±0.06ab 2.86±0.09ab

HCD + S.  jollyanum 101.00±2.08a 2.40±0.06abc 2.77±0.15abc

Values are expressed as means ± SEM. Means in the same column not sharing common letter(s) are
significantly different (p<0.05)

4. DISCUSSION

The phytochemical constituents of the ethanolic root extract of S. jollyanum showed the
presence of alkaloid, saponin, tannin, flavonoid, cardiac glycoside, terpenoid and reducing
sugars. This is in tandem with the earlier study, where the active compounds found in the
ethanolic root extract of S. jollyanum included; alkaloid, saponin, terpenoid compound,
anthraquinones, flavonoids, tannins, cardiac glycosides and reducing sugars [25]. A bitter
tasting terpenoid compound had earlier been isolated from the root [11]. Other reports
showed the plant root to be rich in tannins and saponins [26].
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There is no established threshold to differentiate obesity from overweight in animal models,
such as those established by the WHO for humans [27]. Therefore, in the present study,
obesity was considered to be a significant increase in body weight [16,28,17]; and adiposity
index [29] of the HFD and HCD groups compared to the normal control. At the end of the
obesity induction period, the body weight and adiposity index of the rats fed with HFD and
HCD were significantly increased compared to the rats that fed on the normal diet (Table 4).

The body weight of the HFD and HCD obese controls increased when compared to the
normal control; this is in agreement with the results of other studies [17,30]. The HFD
provided more calories than the normal pellet diet, resulting in a high level of fat storage
even though the HFD obese control consumed lesser quantity of food they had the most
increase in body weight. The HCD had refined sugar (sucrose) as part of its ingredients and
sucrose is a combination of glucose and fructose. Sugar metabolism occurs primarily in the
liver, where a high fructose flux leads to enhanced accumulation of hepatic triglycerides,
resulting in impaired glucose and lipid metabolism [31], resulting in a high level of fat
storage. Although, S. jollyanum decreased the bodyweight in HFD and HCD, the change
was not significant.

There was a significant increase in serum TG, TC, VLDL-C and LDL-C levels, but a
decrease in HDL-C which was not significant in the HFD and HCD obese rats when
compared to normal control. The reason is obvious, as a high fat diet should result in
dyslipidemic changes as illustrated by increasing triglycerides, VLDL cholesterol, total
cholesterol and low density lipoprotein LDL and a decrease in serum level of high density
lipoprotein HDL cholesterol [32,16,33]. Meta-analyses have found a significant relationship
between saturated fat, common in HFD and serum cholesterol levels [34]. Also, it is well
known that excess sugar in the human diet can be converted both into glycerol and fatty
acids and, thus, into lipids such as triglycerides [35]. This explain why the triglyceride level
and VLDL cholesterol in the HCD obese rats is significantly higher than the normal control.

In the present study, among the HFD groups, S. jollyanum significantly decreased the TG,
TC, and VLDL-C compared to the HFD obese rats. Whereas in the HCD groups, S.
jollyanum extract had no significant difference in the TG, TC and VLDL compared to the
HCD obese rats. On the other hand, HDL- cholesterol known as the “good cholesterol”
increased appreciably in S. jollyanum treated HFD obese rats. The positive effect of
ethanolic root of S. jollyanum on HDL level of HFD obese rats could be similar to that found
in the seed oil of the same plant as elucidated in a different study [36], and the plant could
therefore be said to have beneficial effect on the plasma lipid profile of the animals.

The HFD and HCD obese control rats showed a significant increase in CK activity and LDH
level when compared to the normal control rats, which is in agreement to that reported in
earlier studies [10,16]. The increased blood levels of total cholesterol, LDL, VLDL as well as
lowered levels of HDL in HFD rat have been identified in the development of
hypercholestremia, which is one of the risk factors for cardiovascular diseases [37]. The CK
activity and LDH significantly reduced in the HFD obese rats treated with S. jollyanum when
compared to the HFD obese control, but only CK activity was significantly reduced in the
HCD obese control. Thus, S. jollyanum might be helpful in preventing heart diseases.

Although the HFD obese rats had significant increase in their glucose and leptin levels, there
was no significant increase in insulin level. The HCD obese rats had significant increase in
glucose and insulin levels. This effect is similar to that found in HFD obese rats as reported
in earlier studies [38,16]. Leptin is a powerful appetite suppressant and as humans, we even
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have leptin receptors on our taste buds, which help to regulate cravings for sweet foods [39].
Leptin is a hormone produced mainly in adipose tissues which is involved in controlling body
weight by increasing both satiety and energy expenditure [40,41]. In this present study, the
HFD obese rats showed significant increase in leptin level. This result corroborates other
studies that showed high leptin levels in models of rodent DIO obesity [42,40,43]. Since
leptin concentration is related to the amount and distribution of body fat, decreased leptin
level by S. jollyanum extract might suggest anti-obesity effects (Table 6). Insulin which is the
most anabolic hormone known and essential to the maintenance of glucose homeostasis,
growth and differentiation showed no significant changes after treatment.

The S. jollyanum extract lowered the blood glucose in the HFD obese rats. The glucose
lowering activity might be through inhibition of glucose uptake, facilitation of glucose
entrance into skeletal muscle cells, and/or increased insulin sensitivity which might be due to
presence of saponins and flavoniods; which is be the case in a study on anti-obesity effects
of Momordica charantia [44]. In a different study, finding clearly indicated that the aqueous
extract of S. jollyanum root was effective in reducing the blood glucose concentration of
alloxan diabetic and hyperglycaemic rabbits [25].

5. CONCLUSION

The high fat and carbohydrate diet induced obesity in the wistar rats gave rise to the
abnormal values of most of the biochemical parameters that may have implications for the
progress of obesity related problems. The ethanolic plant extract of S. jollyanum might
possess anti-obesity potential, although its anti-obesity effect varied among diets as its effect
might be relatively lower in HCD induced obesity than in HFD induced obesity. Further work
with higher doses of S. jollyanum needs to be done to ascertain the anti-obesity effect in
HCD induced obesity in rats.
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