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Background: Excessive body fat, or obesity, poses a significant global health concern. Research has
highlighted the connection between gut microbiota and obesity. This study aimed to investigate
whether the administration of prebiotics and probiotics significantly contributes to controlling obesity
in a rat model with induced obesity through a high-fat diet (HFD).

ABSTRACT

Methods: This experimental study involved 50 healthy male Albino Wistar Rats, aged between 10-14
weeks and weighing between 140-180 grams, whereas female rats and rats with any disease were
excluded. They were divided into five groups: control (G-l), HFD alone (G-ll), Prebiotic + HFD (G-lll),
Probiotics + HFD (G-IV), and Prebiotic + Probiofics + HFD (G-V). Data were analyzed using SPSS
version 22, calculating Mean+S.D. ANOVA and post-hoc tests assessed weight changes between
groups, with p-values <0.05 considered statistically significant.

Results: Weight changes were observed across all groups on days 0, 35, and 98. The percentages of
mean weight change from day 0 to 98 were as follows: G-I, 11.08%; G-I, 47.98%; G-lll, 29.88%; G-IV,
29.58%; and G-V, 20.54%. Significant differences (p<0.001) were noted among the groups.

Conclusion: Results in our study indicated that the inclusion of prebiotics and probiotics in the diet of
rats following an HFD yields a beneficial outcome in terms of reduction of body weight. This positive
effect is attributed to the stimulation and enhancement of the activity of beneficial gut bacteria.
The synergistic interaction between prebiotics, probiotics, and the gut microbiota shows promise in
mitigating obesity through targeted dietary interventions.
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INTRODUCTION

Obesity is a chronic metabolic disorder distinguished
by an excessive accumulation of adipose tissue'.
Among 400 million obese and 1.6 billion overweight
individuals worldwide?, overweight prevalence in
the United States is 66% and metabolic syndrome is
23% in 20 years and above and 40% in more than 60
years. In Pakistan prevalence of obesity among
femalesis 10.2% and among males is 4.4% in the age
group of 55 to 64 years. Meanwhile, the prevalence
of overweight is 29.9% for females aged 35 to 44
years and 27.6% for males aged 45 to 54 years®.

Prebiotics are non-digestible compounds, often fibers
that promote the growth and activity of beneficial
bacteria in the gut. It remains indigestible in diet and in
turn, has a targeted impact on the proliferafion and
function of a limited group of preexisting bacteria in
the colon which confributes to improving the overall
health of the host*. Prebiotics with a bifidogenic effect
promote the growth of beneficial bacteria (Bifidobac-
terium & Lactobacillus) contribute to the fermentation
of prebiotics, produce short-chain fatty acids (SCFAs),
and creafe an environment that is less favorable for
the growth of potentially harmful microorganisms by
reducing their ratio (Bacteroidetes & Firmicutes)’ .
Probiotics comprise carbohydrates, including galac-
to-oligosaccharides, inulin, fructo-oligosaccharides,
soybean oligosaccharides, cyclodexirins, gluco-oligo-
saccharides, xylo-oligosaccharides, lactulose and
isomalfooligosaccharides, which resist digestion and
proceed to the distal regions of the host's digestive
system to serve as nourishment for intestinal bacteria’.

New-generation probiofics (F. prausnitzi, A. muciniphila,
P. Goldstein & Clostridia) are commonly found in most
people's microbiota; their reduction is associated with a
higher risk of metabolic diseases and obesity®. A
symbiotic interaction has been noted between the host
and gut microbiota through the synergistic use of
prebiotics and probiotics for addressing gastrointestinal
disorders such as inflammatory bowel disease (IBD)?. This
study aimed fo investigate whether the administration of
prebiotics and probiotics significantly contributes to
controling obesity in a rat model with induced obesity
through a high-fat diet (HFD).

METHODS

This experimental study took place at the Department
of Pharmacology & Therapeutics, Basic Medical
Sciences Institute (BMSI), Jinnah Postgraduate Medical
Cenfre (JPMC) in Karachi, in collaboration with the
Animal House at JPMC, following ethical approval
from the Institutional Review Board (IRB -Ref. NO, F,
2-81/2020-GENL/39329/JPMC) of JPMC.

The study spanned a duration of six months, from

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2024, VOL. 13 (01)

Kumar et al.

March to August 2020. A total of 50 healthy male
Albino Wistar Rats, weighing between 140-180 grams
and aged between 10-14 weeks, were included in
this study. Female rats, rats with any disease, and
those rats who did not meet the inclusion criteria of
age and weight were excluded from the study. The
sample size was calculated by the parametric
method of ANOVA for five groups'®.

These rats were then randomly allocated into five
groups, each consisting of an equal number, with 10
albino rats in each group (G). In this study, G-,
designated as the Confrol group, received a
standard Chow diet exclusively. Meanwhile, G-Il
G-lll, G-IV, and G-V were subjected to a high-fat diet
(HFD) regimen, with a daily intake of 200-250 grams
over five weeks, inducing obesity. Following this
initial  5-week obesity-inducing  period, G-l
continued with the HFD, G-lll received a Prebiofic at
a dosage of 140 milligrams per kilogram per day in
addition to the HFD, G-IV received a Probiotic at a
dosage of 1 billion colony-forming units per day
alongside the HFD and G-V received both Prebioftic
and Probiotic (Synbiotics) in combination with the
HFD for an additional 9-week period.

Clean tap water was provided ad libitum to cages
of all groups through a water bottle connected with
an outlet fube. Inulin was employed as the prebioftic,
while Bifidobacterium BB-12 and Lactobacillus
rhamnosus GG served as the probiotics. These
prebiotic  and  probiotic  substances  were
administered to the rats using an oral gavage
feeding tube in a normal saline medium. The rats
were accommodated in appropriately marked
stainless steel cages, and a consistent 12-hour cycle
of light and darkness was maintained.

The data was systematically organized and
subjected fo analysis using the Statistical Package
for the Social Sciences (SPSS) version 22 software.
Mean values along with their respective Standard
Deviations were computed for the recorded
weights. To evaluate variations among the groups,
an analysis of variance (ANOVA) was performed for
multiple comparisons. A significance level of p <0.05
was chosen to determine statistical significance.

RESULTS

On day 0, there were no stafistically significant
variations in mean weight among the groups
(p=0.897). Figure 1 shows the effect of drugs on
mean weight at days 0, 35, and 98. All values are
expressed in gms.
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Figure 1: Effect of study drugs on mean weight (gms).

The initial mean weights at day 0 as shown in Table 1
were 154.54+9.52 in G-, 151.90£10.24 in G-,
155.7248.99 in G-l 153.92+8.09 in G-IV, and
153.26+6.02 in G-V. By day 35, significant differences
emerged, with mean weights of 161.50£9.83 in G-,

in G-IV, and 234.70+13.8% in G-V. Subsequently, on day
98, the mean weights were 173.80£10.10 in G-,
292.0+19.71in G-I, 222.08+10.33 in G-lll, 218.58+11.521in
G-IV, and 192.88+£12.13in G-V, all demonstrating signifi-
cant differences.

214.62+17.47 in G-I, 233.48+11.328 in G-lll, 233.02+11.78

Table 1: Change in weight (gms) Mean$.D at Day 0, 35, and 98.

153.26%6.02

234.70+13.89 192.88+12.13 <0.001**

ANOVA was used to assess the difference*significant level <0.05** highly significant level <0.001

Table 2 provided a comprehensive overview of
mean weight levels for different pairs of groups on
days 0, 35, and 98. These results underscore the

substanfial (p<0.001) variafions in mean weight
within each group.
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Table 2: Weight change (gms) MeanS$.D in different paired groups at Day 0, 35, and 98.

Weight (gms)
Paired study Groups Paired t-test
MeantS.D
Day-0
154.54£9.52 vs 161.50£9.83 <0.001
Day-35
G-l
Day-35
161.50% 9.83 vs 173.80+10.10 <0.001
Day-98
Day-0
151.90£10.24 vs 214.62+17.47 <0.001
Day-35
G-Il
Day-35
214.62%17.47 vs 292.0£19.71 <0.001
Day-98
Day-0
155.72+8.99 vs 233.48+11.32 <0.001
Day-35
G-l
Day-35
233.48+11.32 vs 222.08+10.33 <0.001
Day-98
Day-0
153.92+8.09 vs 233.02+11.78 <0.001
Day-35
G-IV
Day-35
233.02+11.78 vs 218.58+11.52 <0.001
Day-98
Day-0
153.26+6.02 vs 234.70+13.89 <0.001
Day-35
G-V
Day-35
234.70+13.89 vs 192.88+12.13 <0.001
Day-98

A paired t-test was utilized fo evaluate the differences in paired groups, *p <0.05 statistically significant.

Table 3 showed changes in weight after infroducing
HFD at day 35 in all groups (G-l to V). Mean weight
on day 0, revealed no significant differences among

the groups. However, on day 35 and day 98, signifi-
cant changes in mean weight levels were observed
among the groups (p<0.001).

Table 3: Change in mean weight (gms) in all Groups at days 0, 35, and 98.

Group-I|
Mean Group-li Group-lil Group-IV Group-V
Control Group
Weight HFD HFD HFD HFD p-value
Chow
MeaniS.D MeaniS.D MeaniS.D MeaniS.D
MeaniS.D
Day 0 154.54+9.52 151.90+10.24 155.72+8.99 153.92+8.09 153.26+6.02 0.897
Day 35 161.50+9.83 214.62+17.47 233.48+11.32 233.02+11.78 234.70+£13.89 <0.001
Group-I|
Group-li Group-lil Group-IV Group-V
Mean Control Group
HFD Pre + HFD Pro + HFD Pre + Pro + HFD p-value
Weight Chow
MeaniS.D MeaniS.D MeaniS.D MeaniS.D
MeaniS.D
Day 98 173.80£10.10 292.0£19.71 222.08+10.33 218.58+11.52 192.88+12.13 <0.001

ANOVA was used to assess the difference, *p<0.05 is significant, HFD=High fat diet, Pre=Prebiotic, Pro=Probiotics,

Chow=Chow Diet
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DISCUSSION

Obesity is associated with an increased risk of sever-
al serious health conditions, including cancer,
cardiovascular diseases, type 2 diabetes mellitus
(T2DM), and liver diseases. The fundamental cause
of obesity is an imbalance between caloric intake
and energy expenditure. An imbalance in the com-
position of gut microbiota, known as gut dysbiosis,
triggered by dietary or environmental shifts, can
lead to the proliferation of pathogenic organisms.
This, in turn, fosters chronic inflammation, significant-
ly conftributing to the development of chronic meto-
bolic and intestinal disorders. Conversely, maintain-
ing a healthy equilibrium of intestinal microbiota
may serve as a preventive or alleviating function in
the context of obesity and metabolic diseases'.

The gut microbiota, consisting of trillions of microorgan-
isms like bacteria, has been implicated in the regula-
fion of energy homeostasis. The fermentation of
complex carbohydrates by gut bacteria, leading to
the production of SCFAs, is one of the mechanisms
through which the gut microbiota can influence
energy metabolism. The SCFAs generated through
microbial fermentation can be absorbed by the host
and serve as a source of energy. Dysregulation of the
gut microbiota has been associated with metabolic
disorders, including obesity and its related health
complications.

Lifestyle factors, including diet, exercise, and the use
of prebiotics and probiotics, are being explored as
potential interventions to modulate the gut microbi-
ota and improve metabolic health. The mechanisms
by which probiotics influence body weight are not
well understood. It seems that the primary mecha-
nism of action is related to changing the composi-
tion and metabolites of intestinal microbiota'. In our
study feeding an HFD for 5 weeks is responsible for
the increase in body weight in rats and the
consumption of prebiotics and probiotics fill 14
weeks decreased the body weight. Prebiotics
provide a fermentable food source that fosters the
growth of beneficial gut microbiota (Bifidobacteria
& Lactobacilli) ™.

The anti-obesity effects of probiotics are linked to
the production of SCFAs, influencing appetite
hormones, improving insulin sensitivity, and increas-
ing energy expenditure. It also produces conjugat-
ed linoleic acid (CLA), which reduces body weight
through enhanced lipid oxidation, adipocyte apop-
tosis, reduced lipogenesis, and anfi-inflammatory
actions's.

Probiotics contribute to gut health by enhancing the
integrity of tight junctions between gut epithelial
cells, thereby reducing intestinal permeability. This is
significant as increased permeability can allow the
franslocation of bacteria and molecules across the
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intestinal barrier, potentially friggering inflammation.
Probiotics help mitigate inflammation, particularly
from lipopolysaccharides (LPS), known to be associ-
ated with inflammation when elevated in the blood.
The reduction in inflammation leads to an increase
in insulin sensifivity in the hypothalamus, which
improves satiety. The increased concentratfions of
hormones such as leptin, glucagon-like peptide 1
(GLP-1), and pancreatic polypeptide (PPY) are
potential outcomes of probiotic influence. These
hormones play roles in appetite regulation and
satiety, and their elevation could contribute to a
reduction in food intake by promoting a sense of
fullness'®.

A study carried out on rats subjected to an HFD
demonstrated a statistically significant rise in body
weight when compared to the confrol group of rats,
while on administration of yogurt supplements on
HFD-fed rats, notably reduced their body weight'. In
our study, the addition of prebiotics to an HFD in G-I
resulfed in a statistically significant decrease in
weight by the end of day 98 (p<0.001). Our study's
findings are aligned with this research, demonstrat-
ing that rats in G-I, exclusively on an HFD, exhibited
an increase in body weight (292.0£19.71gms) com-
pared to rats in control G-I, (173.80£10.10 gms) at the
end of 98-days, with a significant difference
(p<0.001).

The effect of probiotics (Bifidobacterium longum,
Lactobacillus helveticus, Lactococcus lactis Strepto-
coccus thermophiles) with a prebiotic showed the
beneficial effect on obesity in humans and on
obese animals'®?. In our study addition of prebiotics
to an HFD G-Il could help counteract the negative
effects of an HFD & and mitigate obesity. These
changes enhance entero-endocrine cell function,
improve glucose homeostasis, and increase leptin
sensitivity in diabetic & and obese mice treated with
oligofructose and other inulin-type fructans, and
show lower levels of friglycerides, reduced adipose
tissue accumulation, and decreased muscle lipid
infiltration. Administration of short-chain fructo-oligo-
saccharides had beneficial effects on plasma lipid
metabolism & and insulin levels®2'.

In our study, the addition of oligofructose info an
HFD within G-Il explains these effects on plasma lipid
and blood insulin levels. Oligofructose supplementa-
tion is reported to prevent diet-induced obesity and
glucose intolerance. It is known to improve host
metabolism, including glucose, lipid, and energy
metabolism?.

These metabolic improvements are attributed to
changes in the gut microbiota composition and
functional characteristics of the gut microbiota in
obese rats. A combination of prebiotics and probiot-
ics referred to as a symbiotic have the same proper-
ties of prebiotics and probiotics, fogether promoting
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probiotic survival in the gastrointestinal tract, and
they might result in a better outcome regarding the
host's health when compared to prebiotics and
probiotics separately??, The consumption of symbi-
ofics affects the intestinal-brain axis. Highly
fermentable prebiotics influenced the microbio-
ta-elicited changes in GLP-1 and PYY and resulted in
increased satiety, reduced hunger, and changes in
appetite in both animals and humans .

The limitation of our study is the lack of human trials
and the long-term effect of combined prebiotic
and probiotic supplementation on gut microbiota
and investigating the variability in individual respons-
es against more bacterial strains.

CONCLUSION

The synergistic incorporation of prebiotics and probi-
ofics info a high-fat diet effectively mitigates weight
gain by influencing energy metabolism, appetite
regulation, and nutrient absorption. This combined
approach confrols negative effects, enhancing
insulin sensitivity, reducing inflammation, and ame-
liorating dyslipidemia, key contributors to obesity-re-
lated complications. Crucially, the modulation of
gut microbiota emerges as a pivotal factor, mediat-
ing observed improvements in metabolic health
and weight regulation. The findings suggest a prom-
ising strategy for obesity management, emphasizing
the interconnected role of prebiotics, probiofics,
and gut microbiota in mitigating the adverse
impacts of a high-fat diet on body weight and
metabolic well-being.
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