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Abstract: Obesity, a global health concern is associated with the dysbiosis of intestinal microbial
composition. This study aims to investigate the potentials of urolithin A (Uro-A), in reducing body
weight gain through the modulation of the gut microbiota. Rats were fed on a high-fat diet and
administered with Uro-A. Changes in the composition of the gut microbial community were
analyzed using 165 rDNA gene sequencing. Our results showed that Uro-A significantly decreased
body weight gain and modulated the compositions of gut microbes that are related to body weight,
inflammation, impaired glucose, and dysfunctional lipid metabolism, which are all associated with
obesity.
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1. Introduction

Obesity is a critical nutritional health disorder caused by the imbalance between energy intake
and its expenditure where caloric intake exceeds energy expenditure [1]. The prevalence of obesity is
on the rise globally, constituting a critical health care challenge [2].

The human gut houses trillions of bacterial species that play key roles in nutrients utilization
and maintenance of energy balance [3]. Recent findings have revealed the role of gut microbiota in
reducing obesity and co-morbidities [4]. However, prolonged high-fat diet (HFD) feeding can alter
the composition of the gut microbiota, thereby increasing the risk of the development of obesity and
other related diseases [5]. Thus, the gut microbiota may play a significant role in controlling obesity
through regulating body weight gain, chronic inflammation, lipid metabolism, and hepatic fat
storage [6, 7].

Urolithin A (Figure la) is one of the naturally occurring secondary gut-derived metabolites
obtained from ellagitannin and ellagic acid-rich food sources like pomegranates, grapes, nuts, and
berries [8]. It is also the most studied metabolites from the rest of the urolithins (Urolithins B, C, D,
and isourolithin A). Recent studies have pointed towards a potential anti-obesity activity for this
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metabolite [9, 10]. Thus, this study aims to investigate the potentials of urolithin A (Uro-A), in
reducing body weight gain through the modulation of the gut microbiota.

2. Materials and Methods

2.1. Preparation of urolithin stock solution

The urolithin A (purchased from BLD Pharma, China) stock solution was prepared by dissolving
it in dimethyl sulfoxide (DMSO) at a concentration of 20mg/ml and an aliquot of the stock solution
was made by diluting it in phosphate-buffered saline (PBS).

2.2. Animals and treatment

Wistar rats numbering 18 were obtained from the animal house of King Fahd Medical and
Research Centre (KFMRC), King Abdulaziz University, Jeddah, Saudi Arabia. Animals were
acclimatized for 7 days at 22-24 °C and on a 12/12-hour light on/off after which they were randomly
segregated into 3 groups (n=6) and were fed either a normal diet (ND) or an HFD (containing 40%
normal diet, with 40% lard, 10% sucrose, and 10% cholesterol). Animals in the ND group (group 1)
were fed a normal diet, and the HFD Group (groups two and three) were fed on a high-fat diet for 10
weeks. This study was conducted following the United States National Institute of Health’s revised
Guide for the Care and Use of Laboratory Animals and was approved by the departmental committee.
The animals in the HFD group were considered obese when they achieved a 10% higher in body
weight as compared to the control group [11, 12]. Following this, a 2.5mg/kg [13] intraperitoneal (IP)
injection of Uro-A was given to Group three (HFD+Uro-A) four times a week for four weeks.

At the end of this treatment period, animals were placed on an overnight fast and were
euthanized under diethyl ether anesthesia; blood was withdrawn from the abdominal aorta. The
intestinal contents were then collected under aseptic conditions and placed at -80 °C until analysis.

2.3. Serum biochemical analysis

Whole blood was centrifugated at 3000rpm for 10min and the upper serum samples were
collected and were stored at -80 °C until use. The levels of low-density lipoprotein cholesterol (LDL),
triglycerides (TG), high-density lipoprotein cholesterol (HDL), and total cholesterol were quantified
with a commercial kit (Crescent diagnostics, Jeddah, Saudi Arabia).

2.3. Sequencing of the 165 rDNA and data processing

The total genomic DNA from the cecal content of the intestine was extracted using QlAamp Fast
DNA Stool Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions and
then subjected to 165 rDNA gene sequencing targeting the V3-V4 region with barcoded 341F and
805R universal primers according to the procedure of Dowd et al [14]. Following the minimal cycle
of PCR amplification, the purified products were amplified by pyrosequencing on an Illumina MiSeq
platform at Macrogen, Seoul, South Korea. The overlapped Illumina MiSeq data, 2 x 300 bp were
paired-end, merged, and the sequences were grouped into operational taxonomy units (OTU) at 97%
similarity using QIIME 1.9.

2.4. Statistical analysis

Data are presented as mean + SE. Plot fitting and statistical analysis with either one-way
ANOVA followed by Dunnett’s multiple comparisons test or Kruskal-Wallis test followed by Dunn’s
multiple comparisons test were performed using GraphPad Prism V6.0 software (GraphPad Software,
San Diego, CA). *P < 0.05 was taken as significant

3. Results and Discussion

3.1. Urolithin A administration improved altered metabolism in HFD rats
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As shown in (Figure 1b), the final body weight of animals fed on an HFD was significantly (p <
0.05) higher than the weight of animals fed on a normal diet. However, animals treated with Uro-A
showed a significant (p < 0.05) decrease in the final body weight when compared with that of
untreated animals fed on an HFD. In addition, compared with a normal diet, HFD resulted in a
significant reduction in the HDL levels (p < 0.01) and a significant increase in the serum cholesterol
(p <0.01) and triglycerides (p < 0.001) levels (Figure 1c-e). Compared with untreated animals fed on
an HFD, Uro-A treated rats showed a significant increase in the HDL level (p <0.01) and a significant
decrease in serum cholesterol (p < 0.01), triglycerides (p <0.001), and LDL (p < 0.05) levels. This result
suggests a potential anti-obesity role for urolithin A.
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Figure 1. Uro-A reduced body weight and restored serum lipids level. Checmical structure of Uro-A
(a), final body weight (b), HDL (c), serum cholesterol (d), triglycerides (e), LDL (f). Data are mean +
SE (n=6). *p < 0.05; **p < 0.01; **p < 0.001 against HFD.

3.2. Urolithin A administration altered microbial diversity.

Analysis of the metagenomics amplicon from the Miseq platform revealed that a total of 969,801
high-quality reads were obtained with an average of 21, 435, 25, 530, and 31, 166 reads for ND, HFD,
and HFD + Uro-A groups respectively.

Compared with the normal diet, HFD feeding resulted in the compositional reshape of the gut
microbiota community. For example, the beta diversity from the principal coordinate analysis
(unweighted Unifrac) showed that the gut microbiota population in the animals fed on an HFD
clustered differentially from animals fed on a normal diet (Figure 2a). A similar observation was
made in Uro-A treated animals fed with an HFD (Figure 2a). The alpha diversity index with Chaol
showed that animals fed with a normal diet have the maximum species diversity followed by Uro-A
treated animals fed on a high-fat diet. This species diversity changes with the type of diet or treatment
administered (Table 1). The Shannon microbial diversity richness was lower in the HFD groups than
in the normal diet-fed rats, and animals fed on an HFD treated with Uro-A had a higher species
richness compared with that in untreated animals fed on an HFD. There was no visible difference in
the Simpson diversity amongst the groups (Table 1).
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Figure 2. Diversity and gut microbial composition. Unweighted UniFrac Principal coordinates
analysis (PCoA) (a), the relative abundance of bacterial taxa at the phylum level (b), Firmicutes to
Bacteroidetes ratio (c). *p < 0.05.

Table 1. Bacterial diversity from cecal sample.

Group Choa1 Shannon Simpson
ND 640.00+3.25 7.19+0.10 0.98+0.00
HFD 439.40+13.60 6.08+0.27 0.96+0.01

HFD + Uro-A 459.30+13.70 6.45+0.16 0.97+0.00

3.3. Urolithin A administration altered the composition of specific microbes.

Previous reports have shown that the gut microbiota plays an important role in obesity
development [6, 7]. Therefore, the characterization of the gut microbiota in obese individuals and
normal-weight subjects would help to increase our understanding of the pathophysiology of obesity-
induced gut alteration and provide insights into the development of therapeutic options for obesity
management. Urolithin A treatment modified the composition of key gut microbes at the phylum,
family, and genus levels. For example, at the phylum level, HFD increased the phylum Firmicutes as
compared with the normal diet. Uro-A treatment restored the level of Firmicutes to normal levels
(Figure 2b). However, it has been previously shown that an increased ratio of Firmicutes to
Bacteroidetes in HFD-fed mice contributes to the development of obesity [15]. Our result revealed
an increased abundance of Firmicutes to the abundance of Bacteroidetes ratio (F/B ratio) in untreated
HFD-fed rats compared with that in animals on a normal diet (Figure 2c). This change in the gut
microbial composition has been reported to be synonymous with obesity-driven dysbiosis found in
humans and animals [16]. Uro-A treatment significantly decreased the F/B ratio compared to
untreated animals fed on HFD (Figure 2c).
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At the family level, compared with untreated animals fed on a normal diet, the levels of
Lachnospiraceae and Coriobacteriaceae were higher in animals fed on an HFD. On the other hand,
treatment with Uro-A decreased the levels of Lachnospiraceae and Coriobacteriaceae compared to
untreated animals fed on an HFD (Figure 3c,d). Previous studies report that the level of
Lachnospiraceae is elevated in HFD and is associated with an increase in body weight in germ-free
ob/ob mice [17]. This family of microbes continuously impair glucose metabolism and are thought to
be associated with type 2 diabetes and obesity [17, 18]. Consistent with these reports, we noted an
increase in the abundance of Lachnospiraceae in the cecum of rats fed on an HFD (Figure 3c), which
were reduced by Uro-A treatment (Figure 3c).

Similarly, the Coriobacteriaceae are anaerobic, Gram-positive bacteria belonging to the dominant
bacterial community found in the digestive system of humans and rodents [19]. Campbell et al [20],
observed an increased abundance of the Coriobacteriaceae in HFD mice which resulted in a significant
increase in their body weight [20]. An increased abundance of this family has been reported in obese
children and adolescents [21]. The Coriobacteriaceae family takes part in the metabolism of bile acid,
which is linked to gut barrier impairment and metabolic dysfunctions [22]. A decrease in the
abundance of this family might, thus, be important in partly regulating lipid metabolism and
ameliorate metabolic dysfunction associated with the consumption of HFD. Our results showed that
Uro-A administration decreased the relative abundance of the Coriobacteriaceae. This effect agrees
with our result on serum lipids in which Uro-A treatment significantly decreased the serum lipid
profiles (Figure 1).

Furthermore, the Desulfovibrionaceae are Gram-negative bacteria shown to be related to
inflammation that could lead to disruption in the gut microbial community [23]. Failure in the
regulation of the Desulfovibrionaceae in obese humans triggers cecum inflammation and can lead to
systemic inflammation resulting in metabolic dysfunction [24, 25]. Our study shows the
disproportion in the levels of Desulfovibrionaceae in the microbiome in HFD-fed rats compared with
the normal diet-fed rats (Figure 3e). However, rats treated with Uro-A showed decreased
Desulfovibrionaceae levels when compared with untreated HFD-fed rats.

At the genus level, an HFD resulted in a decrease in Parabacteroides, Oscilibacter, and Prevotella
when compared to untreated animals fed on a normal diet (Figure 3b). Urolithin A treatment
increased the abundance of Parabacteroides and Prevotella. The Parabacteroides are SCFA-producing
microbes whose relatively low abundance was noted in patients with obesity and nonalcoholic fatty
liver [26, 27]. Oral administration of Parabacteroides distasonis to both ob/ob mice and HFD mice
resulted in improved glucose homeostasis, decreased weight gain, and restored lipid metabolism
[28]. In this study, we noticed that treatment with Uro-A resulted in an increase in the relative
abundance of the Parabacteroides following an HFD (Figure 3f), which suggests that the decrease in
body weight of the rats treated with Uro-A might be partly due to the increase in the population of
the Parabacteroides, as these microbes have been shown to reduce body weight [28, 29].
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Figure 3. Effects of Uro-A on gut microbial composition. Relative abundance at the Family level (a),
relative abundance at the Genus level (b), Relative abundance of specific bacterial at the family, and
genus level (c-f). *p < 0.05; **p < 0.01.

4. Conclusions

In this study, we showed that the administration of Uro-A modulated the gut microbial
community of HFD-fed rats, resulting in decreased bodyweight, decreased serum levels of
cholesterol, triglycerides, and LDL while increasing the level of HDL. More importantly, we also
showed that Uro-A modulated the relative abundance of specific microbes such as Lachnospiraceae,
Coriobacteriaceae, Parabacteroides, and Desulfovibrionacea. These modulated microbes are related to
body weight gain, inflammation, impaired glucose, and dysfunctional lipid metabolism, which are
all closely associated with obesity.

Taken together, our results suggest that Uro-A possess anti-obesity property, which may be
related to the modulation of the gut microbiota composition. Urolithin A, therefore, might be useful
in the development of new therapy for obesity management.
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