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Abstract

The Mediterranean diet, renowned for its health-promoting effects, has long been associated with a reduced risk of cardiovascular and metabolic 
disorders. In recent years, advancements in multi-omics research have allowed scientists to delve deeper into the intricate mechanisms underlying 
these benefits. Employing humanized gnotobiotic rats as a model system, this study aims to elucidate the nutritive and oxidative consequences of 
a Mediterranean diet and oil-based supplements on cardiovascular and metabolic health. By integrating genomics, transcriptomics, proteomics, 
and metabolomics data, researchers are gaining unprecedented insights into the molecular pathways influenced by dietary interventions. This 
article reviews the current understanding of the Mediterranean diet, the significance of employing humanized gnotobiotic rats in research, and the 
insights garnered through multi-omics approaches regarding the diet's impact on cardiovascular and metabolic disorders.

Keywords: Mediterranean diet • Cardiovascular Diseases (CVDs) • Humanized gnotobiotic rats • Transcriptomics 

Introduction

Cardiovascular Diseases (CVDs) and metabolic disorders, including 
obesity and diabetes, are leading global health challenges. The Mediterranean 
diet, characterized by high consumption of vegetables, fruits, legumes, whole 
grains, fish, and olive oil, has garnered attention for its potential to mitigate 
these health issues. While epidemiological studies have provided evidence 
for the diet's benefits, unraveling the underlying molecular mechanisms 
requires a more comprehensive approach. Recent advancements in multi-
omics technologies, coupled with the utilization of humanized gnotobiotic rats 
as experimental models, offer a promising platform to dissect the complex 
interplay between diet, gut microbiota, and host health. The Mediterranean 
diet is typified by its balance of macronutrients, rich antioxidant content, and 
emphasis on unsaturated fats, primarily derived from olive oil. This dietary 
pattern has been linked to a reduced risk of CVDs, obesity, type 2 diabetes, 
and certain cancers. Key components of the Mediterranean diet, such as 
polyphenols and omega-3 fatty acids, are believed to contribute to its protective 
effects. However, the intricate interactions between these components, the gut 
microbiota, and host physiology necessitate a holistic investigative approach.

Literature Review

Humanized gnotobiotic rats, animals that harbour a human-like gut 
microbiota, offer a unique opportunity to study the impact of diet on health in 
a controlled environment. By transplanting human gut microbiota into germ-

free rats, researchers can mimic the complex interactions between diet, 
microbiota, and host responses. This model system enables investigations 
into the molecular pathways influenced by dietary interventions and provides 
insights into the crosstalk between the gut microbiota and the host [1]. Multi-
omics research involves the simultaneous analysis of various molecular layers, 
such as genomics, transcriptomics, proteomics, and metabolomics, to provide 
a comprehensive understanding of biological processes. In the context of 
studying the effects of the Mediterranean diet, multi-omics approaches offer 
a comprehensive view of how dietary components influence gene expression, 
protein profiles, and metabolic pathways.

Examining the genetic makeup of humanized gnotobiotic rats can reveal 
predispositions to certain health conditions and identify genes that respond 
to dietary changes. This information can elucidate how the Mediterranean 
diet may modulate gene expression related to inflammation, lipid metabolism, 
and oxidative stress. Transcriptomics analysis enables the quantification of 
gene expression patterns in response to dietary interventions. Researchers 
can identify differentially expressed genes involved in metabolic pathways 
influenced by the Mediterranean diet. For instance, up regulation of genes 
related to fatty acid oxidation and down regulation of pro-inflammatory genes 
may shed light on the diet's protective effects.

Proteomic analysis provides insights into the functional proteins present 
in cells and tissues. By assessing protein expression levels, modifications, 
and interactions, researchers can discern how the Mediterranean diet impacts 
key pathways like antioxidant defense, insulin sensitivity, and endothelial 
function. Metabolomics profiling allows the quantification of small molecule 
metabolites, providing a snapshot of cellular metabolism. Through this 
approach, researchers can identify metabolites influenced by the diet, such 
as polyphenolic compounds, lipid species, and amino acids, which play crucial 
roles in cardiovascular and metabolic health. Multi-omics research employing 
humanized gnotobiotic rats has begun to unveil the nutritive consequences 
of the Mediterranean diet on cardiovascular and metabolic health. Findings 
suggest that the diet promotes the expression of genes and proteins associated 
with improved lipid profiles, reduced inflammation, and enhanced insulin 
sensitivity. Metabolomics analyses have identified metabolites indicative of 
improved mitochondrial function and antioxidant capacity, underscoring the 
diet's potential to mitigate oxidative stress and support cellular health [2].

Oxidative stress, resulting from an imbalance between Reactive Oxygen 
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Species (ROS) production and antioxidant defences, is a hallmark of CVDs 
and metabolic disorders. The presence of unsaturated fats, particularly in 
olive oil, presents an intriguing avenue for investigating the diet's impact on 
oxidative stress. Multi-omics analyses have revealed that the Mediterranean 
diet, enriched with olive oil-based supplements, can up regulate antioxidant 
pathways, enhance ROS scavenging, and mitigate lipid peroxidation. 
Polyphenols present in olive oil further contribute to these effects by modulating 
gene expression and protein activity linked to oxidative stress.

The insights gained from multi-omics research employing humanized 
gnotobiotic rats hold promising implications for human health. By deciphering 
the molecular mechanisms underlying the Mediterranean diet's effects, 
researchers can identify potential therapeutic targets for mitigating CVDs and 
metabolic disorders. Furthermore, the findings emphasize the importance 
of dietary interventions in maintaining gut microbiota diversity, as the gut 
microbial composition plays a pivotal role in metabolizing dietary components 
and influencing host physiology [3]. While multi-omics research offers 
unprecedented insights, challenges remain. Integrating and interpreting vast 
amounts of omics data require advanced bioinformatics tools and expertise. 
Additionally, translating findings from rat models to humans necessitates 
cautious consideration. Long-term studies are needed to assess the sustained 
effects of the Mediterranean diet and oil-based supplements on human health.

Discussion

The investigation into the health benefits of the Mediterranean diet and its 
potential impact on cardiovascular and metabolic disorders has long intrigued 
researchers and health practitioners alike. The utilization of humanized 
gnotobiotic rats as experimental models, coupled with the power of multi-
omics research, has provided a new avenue to delve deeper into the intricate 
molecular mechanisms underlying these effects. In this discussion, we delve 
into the insights gleaned from such research, the implications for human 
health, the challenges faced, and potential future directions.

The multi-omics approach, encompassing genomics, transcriptomics, 
proteomics, and metabolomics, has revolutionized the understanding of how 
dietary interventions influence cardiovascular and metabolic health. Genomic 
analysis allows researchers to pinpoint specific genes responsive to the 
Mediterranean diet [4]. Through transcriptomics, alterations in gene expression 
patterns can be identified, shedding light on pathways involved in lipid 
metabolism, inflammation, and oxidative stress. Proteomic insights contribute 
by elucidating the proteins that are modulated by the diet, thereby uncovering 
the functional changes that occur at the protein level. Lastly, metabolomics 
enables the identification of metabolites reflective of cellular metabolic status 
and their alteration due to dietary components.

The multi-omics research involving humanized gnotobiotic rats has 
highlighted the nutritive consequences of the Mediterranean diet on 
cardiovascular and metabolic health. The observed up regulation of genes 
and proteins associated with improved lipid profiles, reduced inflammation, 
and enhanced insulin sensitivity suggests a comprehensive positive impact. 
Furthermore, the identification of metabolites indicative of better mitochondrial 
function and increased antioxidant capacity emphasizes the diet's potential to 
mitigate oxidative stress, a key contributor to CVDs and metabolic disorders. 
This intricate interplay between gene expression, protein regulation, and 
metabolite profiles provides a holistic understanding of the diet's effects. Olive 
oil, a cornerstone of the Mediterranean diet, has been extensively studied for 
its potential to mitigate oxidative stress. Multi-omics research has revealed 
that the incorporation of oil-based supplements can lead to the up regulation 
of antioxidant pathways and improved ROS scavenging capabilities. This is 
particularly pertinent in the context of cardiovascular and metabolic disorders, 
where oxidative stress is a driving factor. 

Polyphenols present in olive oil add another layer of complexity, as they 
have been shown to modulate gene expression and protein activity related to 
oxidative stress. Therefore, the inclusion of oil-based supplements enhances 
the diet's antioxidant potential and further reinforces its protective effects. The 
insights garnered from multi-omics research employing humanized gnotobiotic 

rats have far-reaching implications for human health. The Mediterranean diet's 
ability to modulate gene expression, protein activity, and metabolite profiles 
underscores its potential to serve as a preventive and therapeutic strategy 
against cardiovascular and metabolic disorders [5]. These findings not only 
provide a scientific basis for the diet's reputation but also offer valuable insights 
for developing targeted interventions. However, it's important to acknowledge 
that the translatability of findings from rat models to human populations 
requires careful consideration, and long-term human studies are essential to 
validate these results.

While the integration of multi-omics research and humanized gnotobiotic 
rat models has provided significant insights, challenges persist. The massive 
amounts of omics data generated necessitate advanced computational tools 
and bioinformatics expertise to extract meaningful information. Furthermore, 
the complexity of interactions between dietary components, gut microbiota, 
and host responses requires a multidisciplinary approach. As the field 
progresses, harmonizing data from different omics layers and establishing 
causal relationships will be essential to build a comprehensive picture. Moving 
forward, future research could explore the temporal dynamics of the diet's 
effects on gene expression, protein profiles, and metabolite compositions. 
Longitudinal studies could elucidate whether the observed changes are 
sustained over time or transient. Additionally, investigating the influence of 
individual variations, such as genetics and gut microbiota composition, could 
provide a personalized perspective on the diet's impact. Moreover, as the 
Mediterranean diet is not a singular entity but a combination of various foods, 
studying the synergistic effects of its components could offer novel insights [6].

Conclusion

The combination of the Mediterranean diet's reputation for health 
benefits and the innovative multi-omics research employing humanized 
gnotobiotic rats has ushered in a new era of understanding the intricate 
molecular mechanisms underlying cardiovascular and metabolic health. By 
comprehensively examining gene expression, protein profiles, and metabolite 
compositions, researchers are piecing together a detailed narrative of how the 
diet exerts its effects. While challenges remain, the potential for revolutionizing 
preventive and therapeutic strategies against cardiovascular and metabolic 
disorders is significant. As research continues to unravel the complexities 
of diet-microbiota-host interactions, the potential for improving global health 
outcomes remains promising.
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