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Abstract

The purpose of this study was to evaluate the specific effects of 12 weeks of intensive, graded
intensities of exercise training on nutritional parameters and some plasma biochemical
parameters in high-fat diet and sucrose obesity-induced (HFDS) Wistar rats. In evaluating the
restorative effects of graded exercise training as an intervention in managing obesity, 25 male
Wistar rats who were 7 weeks old were used. These 25 rats were broadly grouped into 5 rats
as controls and 20 rats as experiments. In the first phase of the experiment, which involved
the induction of obesity, the rats were fed on HFDS containing 35% total fat, 39%
carbohydrates, 23% protein, 6% fiber per 100 grams, and 60% sucrose solution per 100 mL for
12 weeks, while the 5 rats in the control group were fed on a normal rodent diet containing
5% total fat, 39% carbohydrates, 23% protein, and 6% fiber per 100 grams. In the second
phase, which was the interventional phase, the 20 HFDS-induced obese rats were randomly
assigned into 4 groups: the control (sedentary group), low, medium, and high-intensity
exercise training groups, and were subjected to various intensities of exercise training. All
experimental groups received the HFDS throughout the exercise training period. After 84 days
of exercise training intervention, the final body weight, plasma biochemical parameters
including total cholesterol (TC), triglyceride (TG), and high-density lipoprotein cholesterol
(HDLC) concentrations, and nutrition parameters including feed efficiency (FE), feed
consumption (FC), and caloric intake (Cl) were assessed. The study established that graded
exercise training has a direct, inversely proportional reduction in TC, TG, and LDLC
concentrations. In conclusion, medium- to high-intensity exercise training is associated with
restoring the dyslipidemic profile in the serum of rats and also increased feed efficiency..
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1.0 Introduction

Obesity is a condition characterized by the excessive accumulation of visceral adipose tissue
(Kim, 2016). It is defined by a body mass index (BMI) greater than or equal to 30 in adults and
a weight-for-height greater than 3 standard deviations above the WHO child growth standard
median in children (Apovian, 2016; Caterson & Gill, 2002). Obesity is a global public health
concern due to the rising prevalence of 27.5% for adults and 47.1% for children (Apovian,
2016; Engin, 2017), which has been occasioned by an increase in the intake of energy-dense
foods that are high in fat and sugar and an increase in physical inactivity due to the increasingly
sedentary nature of many forms of work, changing modes of transportation, and increasing
urbanization (Njue et al., 2019; Shuster et al., 2012).

Further, the consumption of a high-fat diet combined with physical inactivity has resulted in
an imbalance between the number of calories consumed and the number of calories
expended. This imbalance has led to an increase in the accumulation of fat in the visceral
adipose tissue (VAT), according to Ahmadi-Kani Golzar et al. (2019). Furthermore, VAT
possesses unique biochemical characteristics that influence several normal and pathological
processes in the human body (Tandon et al., 2018). In particular, excessive deposition of
visceral adipose tissue raises the risk of serious medical conditions, including cardiovascular
diseases, Alzheimer’s disease, and type 2 diabetes (Liu et al., 2018). As such, visceral adiposity
is @ major contributor to the increased morbidity and mortality from chronic non-
communicable diseases due to their associated complications (Chooi et al., 2019; Hruby & Hu,
2015). In addition, for every five-unit increase in BMI above 25 kg/m2, overall mortality
increases by 29 percent, while vascular and diabetes mortality increase by 41 percent and 21
percent, respectively (Apovian, 2016).

The prevalence of obesity is increasing, with more than one billion people globally being
obese, of which 650 million are adults, 340 million are adolescents, and 39 million are children.
This high prevalence is associated with a global increase in high-fat diets, sucrose (HFDS)
consumption, and physical inactivity (Engin, 2017).

According to Oppert et al. (2021), exercise training is a crucial component in the management
of obesity. It is typically combined with other interventions such as caloric restriction,
behavioral counseling, medication, and, in extreme cases, bariatric surgery. Together, these
approaches aim to address the various factors that contribute to obesity and promote weight
loss. Physical activity is defined in general terms as any bodily movement produced by skeletal
muscles that results in energy expenditure (Shahidi et al., 2020), while exercise training is
defined as a subdivision of physical activity that is scheduled, structured, and repetitive with
a given purpose to maintain or promote physical fitness (Miko et al., 2020; Saris et al., 2003).
Even though the value of physical activity and training exercise in promoting health and
prevention of lifestyle diseases is well recognised in public health, its role in weight control in
obese subjects remains debated both in the scientific and lay literature (Oppert et al., 2021).
Further, how much exercise is needed to lose weight and what type of exercise training
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therapy should be performed to gain optimal benefits is a major question encountered by a
clinician when patients ask for help. Although several researchers and organisations have
speculated on the amount of physical exercise necessary to prevent weight gain and obesity,
the American College of Sports Medicine (ACSM) position statement recommends 150-250
minutes per week of moderate to vigorous PA, with an energy equivalent of 1,200-2,000 kcals
per week, while Saris et al. (2003) recommended that PA levels of 225-300 minutes per week
were necessary to prevent the transition from normal weight to obesity.

2.0 Materials and method

2.1 The experimental rats and materials

In this study, a total of twenty-five male Wistar rats were obtained from the Lower Kabete
Veterinary Animal House at the University of Nairobi. To ensure their welfare, the rats were
housed in standard polycarbonate rodent cages and kept in a humid tropical environment
under a 12-hour light-dark cycle, as described by Mwangi et al. (2023). The rats were provided
with bedding in the form of shredded paper, which was changed every other day to maintain
their living conditions. To ensure proper identification of the rats in the study, each cage was
labeled with a card displaying essential information such as the experiment number, start
date, exercise intensity, age, number of rats, species, and sex of the animal. This method was
used to organize and differentiate the rats from one another and to ensure accurate data
collection during the study. By using this labeling system, the researchers could easily track
and analyze the data obtained from each specific rat, which was crucial for the success of the
study.

The handling of the rats was conducted in compliance with the 8th edition of the Guide for
the Care and Use of Laboratory Animals (Council, 2011). The study was approved by the
University of Nairobi's Biosafety, Animal Use, and Ethics Committee under the reference
number FVM BAUEC/2021/322 to ensure that ethical guidelines were followed.

2.2 Induction of obesity in the experimental group

In this study, we induced obesity in the experimental group by adopting a method that has
been previously described by Mutiso et al. (2014) and Novelli et al. (2007). Specifically, the rats
in the experimental group were fed a high-fat diet (HFD) comprising 30% fat and
supplemented with a 60% sucrose solution. The rationale for choosing this diet was based on
previous research that has shown it to be effective in promoting adipose tissue growth and
weight gain in rats.

On the other hand, the control group was provided with a standard diet consisting of 5% fat,
which has been shown to not induce significant metabolic changes or weight gain in rats.
Throughout a 12-week period, we carefully monitored the rats' food intake and weight while
they were kept on their respective diets.

To create the high-fat diet (HFD), we added 30 grams of fat (25 grams of vegetable oil and 5
grams of peanut oil) per 100 grams of commercially available standard rodent pellet food. The
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rodent pellets had a composition of 39% carbohydrates, 5% total fat, 23% protein, and 6%
fiber per 100 grams. By adding the extra fat, the HFD provided a significantly higher fat content
than the standard diet. The choice of vegetable oil was based on its high digestibility (99.7%),
according to Council, 1995. The emphasis on dietary fat in this experiment meant that the
essential minerals and vitamins required for rats were kept equal for both the HFD and normal
diets, as described by Reeves et al. (1993). The metabolizable energy for this formulated diet
was 12.56 kJ/g.

To prepare the 60% sucrose solution, 60 grams of cane sugar were dissolved in 100 ml of
water. The standard rodent pellets' constituents were 5 grams of soybean oil per 100 grams.
The successful induction of obesity in rats was determined using the BMI criterion, which was
defined as having a value exceeding 0.68 g/cm2. This definition was established in a prior study
by Novelli et al. (2007).

Further, to ensure that only rats with induced obesity were included in the exercise training
phase, those that did not meet the BMI criteria after twelve weeks of HFD induction were
excluded. This approach allowed for precise control over the induction of obesity in the
experimental group and ensured that the exercise training phase was conducted on a clearly
defined group of rats. This methodology was intended to produce reliable and consistent
results.

2.3 Exercise training protocol

The exercise training for swimming in this study was carried out according to the method
described by Yang et al. (2016). Prior to the experimental exercise training, the rats first
adapted to the water by swimming for 30 minutes, once per day, for five days. The water was
heated and maintained at a temperature of 31.1°C, and the water tanks used had a height of
50 cm and a diameter of 30 cm. After the adaptation period, the experimental exercise training
in rats was carried out by swimming for 60 minutes per day, five days a week, for eight weeks.
A graded exercise protocol with incremental loads was used, and the exercise intensity was
adjusted based on the percentage of the rats’ body weight at the base of their tails. This was
done to ensure that the exercise intensity was achieved in a shorter swim time.

During both the adaptation and experimental periods, both the control and experimental
groups were maintained on a normal rodent diet containing 5% total fat, 39% carbohydrates,
23% protein, and 6% fiber per 100 grams. The intensity of swimming was determined based
on the daily exercise time and workload. Low intensity was defined as 20 to 59 minutes per
day with a 0% to 3% overload; moderate intensity was 60 to 89 minutes per day with a 0% to
5% overload; and high intensity was 90 minutes per day with more than 0% overload. The rats
were removed from the water tank, and the loads were changed at intervals of approximately
15 to 18 seconds.
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During the exercise training, trained research personnel monitored the animals to ensure that
they adhered to the swimming protocol. This was done to guarantee that the rats’ swimming
exercise training was consistent and comparable, allowing for an accurate evaluation of the
effects of exercise on the rats' health. A rat was considered to have reached exhaustion when
it displayed a loss of coordination in its movements and failed to return to the surface within
10 seconds for three consecutive times.

2.4 Nutrition determinations

The following nutritional parameters were calculated: In kilojoules per day, energy intake
equals mean food consumption in grams multiplied by dietary metabolizable energy in
kilojoules, whereas feed efficiency (FE) percentage equals mean body weight gain in grams
multiplied by 100 divided by energy intake in kilojoules.

2.5 Total serum cholesterol, HDL, and triacylglycerol levels determination.

Total cholesterol (TC), triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C)
concentrations were measured using Pars Azmoun Company kits (Tehran, India). Further, the
Friedwald equation was used to calculate very low-density lipoprotein (VLDL), low-density
lipoprotein cholesterol (LDLC), and atherogenic indices as follows: VLDL = TG/5; LDLC = TC —
HDLC — (TG/5).

2.6 Fasting blood glucose (FBS)

At the beginning and end of the study, rats fasted overnight, and a baseline blood draw from
the lateral tail vein was collected for plasma fasting glucose. Glucose levels were measured
with Precision OncoPlus test strips.
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3.0 Results
The results are expressed as mean values + standard deviation, and the statistical significances
were analysed using one-way ANOVA compared to the control, P < 0.05.

Table 1: Effect of Exercise Training on Nutritional parameters; Body Weights, Food intake,
Feed Efficiency, and Energy Intake in HFDS induced Obese Wistar rats trained under low
intensity exercise (LIE), Medium intensity exercise (MIE) and, High-intensity exercise (HIE)

SED-HFDS HFDS-LIE HFDS-MIE HFDS-HIE F P-

n=5 n=5 n=5 n=5 (3,16) value
Initial Body 430.2+17.6 439.4+22.1 453.4+30.16 445.8+7.33 1.099 0.378
weights (grams)
Terminal Body 471.2420.91°  396.2+38.38" 375.2+18.b¢ 347.8+19.88¢ 21.264 <0.001
weights (grams)
Feed 34.32+1.51° 28.66+1.35° 27.4%1.15% 26.18+1.2¢ 37.884 <0.001
Consumption
(g/day)
Feed Efficiency 9.57+#3.32 -17.93+10.21° -17.5447.38° -28.4+2.82° 29.669 <0.001

(%)

Energy intake  431.06+18.91°  359.97+16.9°  344.14+14.36 328.82+15.11°¢ 37.884 <0.001

(ki/day)

Key: g-grams, kJ- kilojoules.
The comparisons for one-way between-subjects ANOVA were conducted across the
rows and the values with a different alphabet superscript indicate a statistical
difference at P < 0.05

Table 1 shows the results of a one-way between-subjects ANOVA that was conducted to
compare the effects of exercise training on obesity in the following nutritional parameters:
initial and terminal body weight, food intake, feed efficiency, and energy intake at low,
medium, and high intensities of exercise training.

There was a significant effect of terminal weight on exercise training at the p < 0.05 level for
the four groups [F (3, 16) = 21.26, p < 0.001]. The post hoc comparisons using the Tukey HSD
test indicated that the mean weight for the SED HFDS control group (M = 471.2, SD = 20.911)
was significantly different when compared to the HFDS-LIE (M = 375.2, SD = 18.13), HFDS-MIE
(M =396.2, SD = 38.38), and HFDS-HIE (M = 347.8, SD = 19.88). However, the LIE (M = 375.2,
SD = 18.13) did not significantly differ from the HFDS-MIE and HFDS-HIE. Further, there was a
significant effect on feed consumption from exercise training at the p < 0.05 level for the four
groups [F (3, 16) = 37.884, p < 0.001]. The post hoc comparisons using the Tukey HSD test
indicated that the mean feed consumption for the SED HFDS control group (M = 34.32, SD =
1.51) was significantly different compared to the HFDS-LIE (M = 28.66, SD =1.35), HFDS-MIE
(M =27.4, SD = 1.15), and HFDS-HIE (M = 26.18, SD = 1.22). Also, statistical significance was
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noted between HFDS-LIE (M = 28.66, SD = 1.35), HFDS-MIE (M = 27.4, SD = 1.15), and HFDS-
HIE (M = 26.18, SD = 1.22). Therefore, these results mean that exercise training decreases food
consumption, and as you increase the intensity of exercise, the food consumption decreases.
Further, there was a significant effect on feed efficiency from exercise training at the p < 0.05
level for the four groups [F (3, 16) = 29.669, p < 0.001]. The post hoc comparisons using the
Tukey HSD test indicated that the mean feed efficiency for the SED HFDS control group (M =
9.57, SD = 3.3) was significantly different compared to the HFDS-LIE (M =-17.93, SD = 10.21),
HFDS-MIE (M =-17.54, SD = 7.38), and HFDS-HIE (M =-28.4, SD = 2.82).

Furthermore, there was a significant effect on energy intake from exercise training at the p.05
level for the four groups [F (3, 16) = 37.884, p < 0.001]. The post hoc comparisons using the
Tukey HSD test indicated that the mean energy intake for the SED HFDS control group (M =
431.06, SD = 18.91) was significantly different compared to the HFDS-LIE (M = 359.97, SD =
16.91), HFDS-MIE (M = 344.14, SD = 14.36), and HFDS-HIE (M = 328.82, SD = 15.11). Also, there
was a statistical difference between the HFDS-LIE (M = 359.97, SD = 16.91) and the HFDS-HIE
(M =328.82, SD = 15.11). Therefore, this study's findings show that energy intake decreases
as you increase the intensity of exercise training.

Table 2. Effects of graded intensities of Exercise Training on lipid profile and Fasting Blood
Sugars in HFDS Induced Obese Wistar rats

SED-HFDS HFDS-LIE HFDS-MIE HFDS-HIE F P-Value

n=>5 n=5 n=5 n=5 (DF 3,16)
TG (mg/dl) 46.94+2.042  42.54+3a 42.1+2.862>  31.56+3.11b 5.549 0.008
TC (mg/dl) 129.39£1.872  119.33+5.782»  116.34+3.67> 71.93+1.07¢ 50.468 0.001
HDLC(mg/dl) 23.3620.632  25.52+2.4623  31.79+1.31bc 34.57+2.25¢ 8.347 0.001
LDLC 83.14+0.822a  82.37+1.152 80.28+3.432  46.404+6.42> .346 <0.001
Initial FBS 4.84+.18 4.7+.34 4.92+.26 4.58+.27 1.580 0.233
Terminal FBS 5+.262 3.4+.19= 3.88+.22b 3.88+.18) 51486 <.001

Key: TG-Total Triglyceride, TC-Total Cholesterol, HDLC-High Density Lipoproteins Cholesterol,
LDLC — low-density lipoproteins, FBS - Fasting Blood Sugar. The comparisons for one-
way between-subjects ANOVA were conducted across the rows and the values with a
different alphabet superscript indicate a statistical difference at P < 0.05

Table 2 shows the results of a one-way between-subjects ANOVA that was conducted to
compare the effects of exercise training on lipid profiles and fasting blood sugars at low,
medium, and high intensities of exercise training in HFDS-induced obese Wistar rats.

There was a significant effect of TC on exercise training at the p < 0.05 level for the four groups
[F (3, 16) = 5.549, p = 0.008]. The post hoc comparisons using the Tukey HSD test indicated
that the mean weight for the SED HFDS control group (M = 46.94, SD = 2.04) was significantly
different compared to the HFDS-HIE (M = 31.56, SD = 3.11). However, the SED HFDS did not
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significantly differ from the HFDS-LIE and HFDS-MIE. "Taken together, these results suggest
that high-intensity exercise training does affect total cholesterol. Specifically, these results
suggest that when you perform high-intensity exercise training, you lose more total
cholesterol. However, it should be noted that to have optimal total cholesterol reduction, the
exercise intensity must be high. Low and medium intensity levels do appear to decrease total
cholesterol, though not optimally.

4.0 Discussion.

In the current study, the BMI for Wistar rats during the induction phase ranged between 0.55
and 0.69 g/cm? after 12 weeks of feeding with HFDS. This agrees with a study by De Moura e
Dias et al. (2021), whose findings showed that 2 weeks of HFDS is adequate for the induction
of visceral obesity in Wistar rats.

The Wistar rats in the HFDS control group (sedentary) had significantly higher body weights
and food intake than those in the training exercise, which is consistent with the findings of
Dupas et al. (2018). This significant lower body weight in exercise-trained rats could be
attributed to the reduction of the amount of adipose tissue, resulting in decreased generation
of sex hormones, glucose, and leptin, increased levels of appetite-suppressing neuropeptide
hormones such as nesfatin-1 and peptide YY, and negative energy and fat balance linked with
increased energy expenditure and fat oxidation during exercise (Speretta et al., 2012). However,
Mohammadi et al. (2006) showed that the increased body weight of rabbits after 8 weeks of
high-fat diet feeding was not altered by chronic exercise.

Obesity and hyperlipidemia are the major risk factors for cardiovascular diseases. Further,
excess LDLC promotes the formation of atherosclerotic plague. In the present study, the
plasma levels of TC, TG, VLDL, and LDLC in the HFDS group were increased due to an increase
in both de novo synthesis and intestinal absorption of cholesterol (Nicolantonio, James J. 2018).
HFDS causes the synthesis of reactive oxygen species (ROS), which cross-react with
lipoproteins to produce oxidative states, thus decreasing the cell's uptake of lipids from the
blood. These results are similar to those of other studies. However, these parameters
decreased in the exercise training groups when compared with the HFDS group. The decrease
in lipids may be caused by the inhibition of impaired lipid digestion and absorption,
improvements in glucose and lipid metabolism, enhancement of insulin sensitivity, increased
antioxidant defense, and down-regulation of lipogenic enzymes. Several studies have
demonstrated that exercise decreases blood lipid and lipoprotein levels in humans and rats
(Wang & Xu, 2017).

In the present study, hypertriglyceridemia was present in the sedentary control group and
low-intensity group, which is one of the criteria for the diagnosis of metabolic syndrome. This
hypertriglyceridemia could be attributed to the high free fatty acid influx to the liver due to
the expansion of visceral adipose tissue mass. This expansion can cause excess production of
triglyceride-rich very low-density lipoproteins (VLDL), which results, in turn, in high circulating
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levels of triglycerides (Gordon et al., 2014; Jastrzebski et al., 2021). Further, hypertriglyceridemia is
also a reflection of the insulin-resistant condition, which was demonstrated in current studies
where the control group (HSFD) had significantly higher blood sugar as compared to the
exercise training group (medium and high-intensity group) (Table 2).

Furthermore, throughout a 12-week period of consuming a high-fat diet, the Wistar rats
displayed signs of insulin resistance, which was characterized by the inability of insulin to
facilitate glucose uptake and metabolism in insulin-sensitive tissues. On the other hand, in the
exercise group rats, FBS had normalized at the end of the study, as was the case for
hypertriglyceridemia, as reported by previous studies using the same HFD (Badalzadeh et al.,
2014; Lira et al., 2012; Nounou et al., 2012).

In this study, the significant increase in glucose in HFDS-fed animals can be explained as being
due to insulin production defects, decreased insulin sensitivity, insulin resistance, decreased
adiponectin hormone level, and defective Na+-K+-ATPase activity (Oppert et al., 2021). It
indicated that HFDS leads to insulin resistance through oxidative stress. Exercise training
significantly reduced the increased blood glucose levels due to the increased adiponectin
levels and insulin sensitivity.

5.0 Conclusion

The study reveals that feeding Wistar rats a high-fat diet (HFDS) induces obesity, oral glucose
intolerance, and hyperlipidemia. Nevertheless, moderate-to-high intensity exercise training
can alleviate these negative effects by suppressing obesity and improving lipid profiles. These
findings underscore the potential benefits of exercise in preventing obesity-related tissue
damage and promoting overall health.
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