GutBrainKB: Exploring the Gut—Brain
Interaction through a Reliable Biomedical KB

Ornella Trreral0000—0003—2284-5699] \[arco Martinellil0009—0001—1596-8642]
Samuel Piron[0009-0006-5558—4295] ;4 Gianmaria Silvello0000—0003—4970—4554]

University of Padova, Italy
{name.surname}Qunipd.it

Abstract. GutBrainKB is a web platform based on a structured KB
to aid clinicians and researchers in studying gut-brain interactions. It
features a 79K-triple KB from expert-annotated literature in the Gut-
BrainlE dataset (BioASQ Lab @ CLEF 2025), offering a reliable resource
for exploring the gut-brain axis. Users can explore through natural lan-
guage and faceted search, investigating entity relationships, accessing
scientific literature, and visualizing connections with interactive graphs.
GutBrainKB combines a semantically validated KB with an accessible
interface, providing an efficient tool for analyzing gut—brain interactions
and their impact on neurological and psychiatric disorders.

1 Introduction

In recent years, interest in the gut—brain axis has grown steadily, as demon-
strated by numerous studies linking gut microbiota to neurological disorders
such as Parkinson’s and Alzheimer’s disease, multiple sclerosis and various men-
tal health conditions [1-3]. This expanding body of literature creates the need for
systematic extraction and integration of knowledge from publications to render
insights machine-actionable and to reveal connections among medical concepts
that might otherwise remain hidden. In this context, Information Extraction (IE)
serves as the foundation for processing large volumes of biomedical text, con-
structing structured Knowledge Bases (KBs), and enabling downstream applica-
tions in drug discovery, disease modeling, and precision medicine. The core tasks
within IE encompass Named Entity Recognition (NER) for identifying and clas-
sifying biomedical entities, Named Entity Linking (NEL) for normalizing and
disambiguating those entities, and Relation Extraction (RE) for detecting and
categorizing semantic relationships among them. The effectiveness of systems
performing these tasks largely relies on the availability of high-quality human-
annotated data, which serves as the gold standard for training, evaluation, and
benchmarking. This open issue was addressed, specifically within the gut-brain
interplay domain, by the GutBrainlE task, part of the BioASQ Lab at CLEF2025
[8, 11], which introduces a dataset featuring over 350 PubMed abstracts manu-
ally annotated by biomedical experts for entity mentions and relations.

To fully leverage the knowledge embedded in this collection, the extrac-
tion, interpretation, and integration of its content are crucial. This is typically
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Fig.1. Overview of the GutBrainKB system.

achieved through KBs, which model entities as nodes and relations as edges,
producing a machine-readable format that supports easy access and advanced
querying. Relevant examples in the literature which target gut-brain interactions
are: the Pre-/Probiotics Knowledge Graph (PPKG) [6], the Food4HealthKG [4],
the Microbiota Knowledge Graph for Mental Disorders (MiKG4MD) [7], and
Microbiota Knowledge Graph (MiKG) [12]. Typically, such KBs are represented
using RDF triples and queried via SPARQL [13], which provides powerful capa-
bilities for data retrieval and reasoning. However, formulating SPARQL queries
is challenging and requires technical expertise [5, 14].

GutBrainKB is a web platform based on a 79K-triple KB from GutBrainlE,
enabling exploration of gut-brain relationships with scientific evidence. Users
can query via natural language or faceted search and view interactive graphs of
entity connections, aiding researchers and clinicians in understanding gut—brain
interactions and tracing claims to source publications.

2 GutBrainKB

Figure 1 shows the development of the GutBrainKB system, composed of two
main phases: KB construction and GutBrainKB WebApp implementation.

KB construction. To construct the KB, we relied on two resources: (i) the
GutBrainIE collection [8, 11], and (ii) the HEREDITARY Gut-Brain Ontology
(HERO-GB in Figure 1), which also captures the structure of the annotated
corpus, modeling sentences that contain biomedical concepts.!

We used the expert-curated annotations from the GutBrainlE collection com-
prising 359 abstracts, 9.9K entity mentions, and 4K relationships. From these
annotated abstracts, entity mentions were linked to controlled biomedical vo-
cabularies, thus normalizing and disambiguating textual variants. Then, we ex-

! https://hereditary.dei.unipd.it/ontology/gutbrain/
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Fig. 2. GutBrainKB User Interface.

tracted RDF triples capturing both the semantic relationships among entities
identified through RE annotations and the textual context in which each entity
appears (e.g., sentence- and document-level evidences), resulting in a final KB
of 79K triples. To ensure consistency with the underlying ontology, the resulting
RDF graph has been validated with SHACL. The code and the data used for
KB generation are available online. 2 3

Importantly, the KB construction pipeline is fully reusable and scalable: new
documents from future GutBrainlE expansions can be processed using the same
workflow to generate additional RDF triples, which can be seamlessly integrated
into the KB. As a result, the KB can grow over time while preserving schema
consistency.

GutBrainKB WebApp. The GutBrainKB WebApp adopts a three-layer
architecture. At the top layer, the User Interface (UI) is built with React.js, pro-
viding users with an interactive front-end for querying and interacting with the
KB; a back-end layer, implemented using the Python web framework Django, is
responsible for business logic, REST APIs, and service orchestration; the data
layer is a GraphDB instance used to store and manage RDF triples of the gen-
erated KB. The system is fully dockerized with each component running in a
separate container to simplify deployment and maintainability.

2 https://github.com/GutBrainKB/GutBrainKB-WebApp/
3 https://zenodo.org/records/16845409
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Fig. 3. The panel on the left reports the list of relationships for the subject Parkinson
disease and predicate target. On the right, the related Entity Graph.

The GutBrainKB platform allows users to search for factual information on
gut—brain relations supported by scientific literature. Users can access concept
definitions and explore relationships with their supporting textual and biblio-
graphic evidences. Specifically, when a query such as “Alzheimer’s disease” is
submitted, the backend first sanitizes the input and then executes a predefined
SPARQL query template, injecting the term into a case-insensitive filter to re-
trieve all matching entity mentions. For each matched entity, the system returns
associated paper metadata (e.g., PMID, title, authors, journal, year), supporting
evidence (sentences and mention texts), linked ontology class or individual infor-
mation, and the relations in which the entity participates. The results are then
deduplicated at the paper—sentence—mention level and packaged into a compact
JSON format for the UI. The reliability of the results returned to the user di-
rectly is related to the quality of the GutBrainlE annotations underlying the KB.
Entity linking achieved an overall accuracy of 0.915 + 0.0473 [10]. The quality
of relation annotations is further ensured by relying on the two highest-quality
folds of GutBrainlE, curated by expert annotators with domain knowledge and
prior annotation experience [9].

In Figure 2, we present the GutBrainKB UI showing the Parkinson Disease
concept. (A) provides an autocomplete search bar, which lets users enter queries
for specific concepts and their relationships. (B) features a faceted search panel,
allowing users to filter concepts by ontological class or named individual and to
narrow publication results by author, journal, collection, or year. (C) displays
detailed information about the selected concept, such as its ontology reference,
name, class, definition, and vocabulary. Users may also download a summary of
the concept, including its relationships and supporting sentences, in either JSON
or TTL format. (D) summarizes the relationships associated with the selected
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concept and shows how many publications mention it. A horizontal histogram
visualizes relationship distribution by predicate, and users can click any bar to
see all relationships for the chosen predicate in a modal window. Each listed
object links to its own description page, enabling further exploration within
the KB. A graph view is also available, visualizing the selected concept and its
related entities. In Figure 3, the left panel shows the list of relationships with
Parkinson disease as subject and target as predicate, while the right presents
an overview of the generated graph. Another histogram shows the number of
related publications per year and allows users to view yearly publication details
in a modal window. (E) presents a table that summarizes the sentences where
the concept appears. Users can interact with each table cell to access additional
information, such as the full text of the article and journal details.

The GutBrainKB WebApp is available at https://hereditary.dei.unipd.
it/app/gutbrainkb/.

3 Final remarks

In this work, we introduced GutBrainKB, a web application for exploring vali-
dated gut—brain facts within a biomedical KB. We built the KB from the expert-
annotated GutBrainIE collection and ensured semantic consistency by validating
against HERO-GB. GutBrainKB combines curated data, semantic modeling, and
interactive visualizations to help clinicians and researchers query and interpret
complex gut—brain relationships.

Future directions include the integration of large language models to assist in
translating users’ natural language queries into SPARQL queries over the KB.
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