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Abstract

Hepatocellular carcinoma (HCC) is among the most prevalent and lethal malignancies
worldwide, with limited therapeutic outcomes due to systemic toxicity and suboptimal
efficacy of conventional chemotherapeutics such as doxorubicin (DOX). In this study, we
formulated and standardized DOX-loaded chitosan/poly (lactic-co-glycolic acid) nanopar-
ticles (DLCNs) via a nanoprecipitation method and evaluated their therapeutic potential in
a diethylnitrosamine (DEN)-induced Wistar rat model of HCC. Physicochemical analyses
confirmed nanoscale size, favorable zeta potential, and high encapsulation efficiency, while
Fourier-transform infrared spectroscopy (FTIR) verified polymer–drug interactions. Bio-
chemical analysis revealed that DLCNs significantly normalized elevated liver function
markers (Aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alka-
line phosphatase (ALP), restored serum α-fetoprotein (AFP) to near-control levels, and
reduced lipid peroxidation compared with free DOX and DEN controls. Antioxidant profil-
ing demonstrated marked recovery of superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx), indicating restoration of hepatic redox balance. Histopatho-
logical evaluation further corroborated these findings, showing recovery of hepatic lobular
architecture and reduction in necrosis and inflammatory infiltrates in DLCN-treated Wistar
Albino rats, while free DOX groups exhibited hepatocellular damage. Overall, the results
demonstrate that encapsulating DOX in a chitosan/PLGA nanocarrier improves thera-
peutic efficacy, mitigates hepatotoxicity, and enhances antioxidant defense, establishing
DLCNs as a favorable candidate for HCC.

Keywords: fungal chitosan; doxorubicin; liver cancer; biochemical and histopathological
studies; in vivo; hepatocellular carcinoma

1. Introduction
Cancer, a leading cause of global mortality with an ever-increasing incidence, remains

one of the greatest challenges to human health, and despite decades of research, curative
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A B S T R A C T

Biofilm-associated infections continue to pose a major challenge in clinical and public health due to their high 
tolerance to antimicrobial agents and host immune defences. Accounting for up to 80% of chronic human in-
fections, unlike genetic resistance, biofilm tolerance is a reversible, phenotypic condition caused by the organised 
matrixome. Biofilm tolerance arises from structural protection conferred by the extracellular matrix and meta-
bolic heterogeneity within the community. This review covers the structural and physiological factors of toler-
ance, emphasising metabolic zonation, stress-induced dormancy (persister cells), and transport-based protection 
through increased efflux systems. We explore emerging ideas such as tolerance memory, host-driven selective 
pressures, and the pharmacokinetic (PK) mismatch caused by spatial drug gradients within the biofilm structure. 
Despite advances in understanding mechanisms, a significant gap remains in translation due to the reliance on 
planktonic-based diagnostics and standard susceptibility measures (e.g., MIC) that do not reflect biofilm recal-
citrance. We suggest shifting toward "biofilm-aware" clinical approaches that incorporate spatial transcriptomics, 
AI-driven predictive models, and matrix-disrupting adjunct therapies, including nanotechnology, phage therapy, 
and AI–guided interventions. To promote global equity in managing these infections, interdisciplinary collabo-
ration and accessible diagnostics are essential. Eradicating pathogens through a tolerance-informed control 
strategy is crucial for sustainably managing chronic and recurrent infections.

1. Introduction

Biofilm-associated infections continue to pose clinical and public 
health challenges, despite advances in antimicrobial therapy. Biofilms 
are structured microbial communities that enable organisms to adhere 
to surfaces, exhibit environmental resilience, and antimicrobial toler-
ance, thereby contributing to chronic infections, particularly in medical 
devices and healthcare-related environments (Jandl et al., 2024; Yang 
et al., 2023). Pathogens such as Staphylococcus aureus, Pseudomonas 
aeruginosa, and Escherichia coli exhibit increased survival due to their 
ability to form resilient biofilms, complicating diagnosis and treatment 
(Ali et al., 2023; Thöming and Häussler, 2022).

A key feature of biofilm-associated microorganisms is their increased 
tolerance to antimicrobial agents, which is not just from genetic 

resistance but also from structural and metabolic adaptations (Luo et al., 
2021). The extracellular polymeric substance (EPS) matrix acts as a 
barrier, limiting antimicrobial penetration and reducing treatment 
effectiveness. Within this biofilm environment, cells exist in diverse 
metabolic states, showcasing the adaptability of microbial communities 
and the challenges in addressing biofilm-related infections. Addition-
ally, subpopulations of persister cells can survive antibiotic treatment, 
causing recurrent infections. Biofilms also impede host immune re-
sponses, contributing to antimicrobial resistance by increasing mutation 
rates and facilitating gene transfer (Ciofu et al., 2022; Singh et al., 
2025).

Consequently, as traditional treatment strategies are ineffective 
against established biofilms, there is an urgent need for an under-
standing of biofilm tolerance mechanisms and new anti-biofilm 
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Abstract
Hearing loss (HL) and chronic kidney disease (CKD) are conditions with high prevalence worldwide. Patients with oto-renal 
disorders are reported to have both syndromic forms of HL and kidney dysfunction due to common molecular signaling 
pathways. The major shared genetic factors, common developmental pathways, and physiological mechanisms adversely 
affect the auditory and kidney systems. This review consolidates the common morphogenic origins of the kidney and the 
cochlea, which focus on the major shared genes, networks, and oto-renal disorders that affect the cilia, collagen networks, 
and transport channels in both systems. This article shines a spotlight on mechanisms and pathophysiology of the major 
congenital disorders causing HL and kidney diseases. In addition to this, other risk factors including hemodialysis and certain 
drugs increase the risk of HL in patients with CKD. This review can help clinicians navigate options for differential diagnosis 
of oto-renal disorders. An interdisciplinary approach across nephrologists, audiologists, pediatricians, and geneticists can 
pave the way for effective screening, diagnosis, and treatment interventions. This also underscores the importance of future 
research on the ear–kidney axis to understand molecular signaling, biomarker discovery, and clinical management.

Keywords Chronic kidney disease (CKD) · Syndromic hearing loss (SHL) · Oto-renal disorders · Alport syndrome · 
Bartter syndrome

Introduction

Hearing loss (HL) is a multifactorial disorder influenced by 
both genetic and environmental factors [1]. It is the most 
prevalent cause of disability, affecting 1.6 billion people 

globally. According to the WHO, around 2.5 billion peo-
ple may experience some degree of HL by 2050 [2]. In 
humans, about 200 genes have been associated with genetic 
HL, which is characterized by genetic and phenotypic diver-
sity (http:// hered itary heari ngloss. org/) [3]. Of these, 80% of 
cases are due to autosomal recessive inheritance, while 20% 
are inherited in an autosomal dominant manner, which is 
less prevalent [4, 5]. Due to genetic heterogeneity, the clini-
cal severity of HL varies from mild, moderate, severe, and 
profound with different frequencies [6, 7]. HL has been clas-
sified as syndromic or non-syndromic hearing loss (NSHL). 
However, recent evidence highlights that this distinction is 
often not clear. Vona et al. [8] introduced the concept of 
“non-syndromic mimics,” in which patients clinically diag-
nosed with isolated HL may later develop additional features 
such as kidney, ocular, cardiac, or reproductive involvement. 
Approximately 30% of pediatric cases of genetic HL are 
syndromic, and more than 80 genes have been implicated 
as mimics of NSHL, many of which impact both the audi-
tory and kidney systems (e.g., COL4A3, COL4A4, COL4A5, 
BSND, MYH9, and GATA3) [8]. This increasing overlap 
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Abstract

Background and Objectives: Hereditary hearing loss is the most common auditory disability
among various disabilities. Consanguineous populations have been found to have autoso-
mal recessive disorders twice as often as in the general population. This study aimed to
highlight the phenotypic and genetic complexity of non-syndromic hearing loss (NSHL) in
South Indian consanguineous families. Materials and Methods: Whole-exome sequencing
(WES) was performed on individuals with NSHL who were negative for common deafness-
causing genes (GJB2, GJB6, SLC26A4, and MTRNR1). The candidate variants identified
were correlated with ROH regions identified using the Automap tool. Sanger sequencing
was performed for validation, followed by segregation analysis for the available family
members. The effects of the candidate variants were analyzed using an in silico structural
approach and the ACMG guidelines. Results: WES identified variants, including a stop-
gain, an indel, and a missense mutation, in the genes SIX1, MYO7A, MYO3A, and MYO15A.
Three variants were classified as likely pathogenic, one variant as a variant of uncertain
significance (VUS), and one variant as likely benign. Homozygous variants in MYO15A and
MYO7A were identified within ROH regions, indicating autosomal recessive inheritance.
Additionally, two heterozygous variants in the SIX1 and MYO3A genes were identified.
This study indicates a high degree of genotypic and phenotypic heterogeneity of hearing
loss among affected individuals. Conclusions: This integrated approach, which combines
homozygosity mapping with WES, could be effective for diagnosing NSHL in affected
individuals. Further genetic screening and characterization of NSHL in consanguineous
families is also warranted. Genetic testing in high-risk populations could be a valuable
method for diagnosing genetic hearing loss in children.

Keywords: non-syndromic hearing loss; genetic heterogeneity; genetic testing; homozygosity
mapping; MYO15A
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Abstract  
Helicobacter pylori, a common chronic bacterial infection that affects over half of the human population. H. pylori 
infection can result in a wide range of gastrointestinal illnesses, including gastritis and peptic ulcer and it can develop into 
stomach cancer if left untreated. Treating H. pylori infection in an early stage is crucial for mitigating health risks and 
improving digestive health. In the present study 200 biopsy samples were collected through endoscopy from patients 
exhibiting symptoms of dyspepsia, epigastric pain, Anaemia. The samples were subjected to bacterial culture (Columbia 
agar with Skirrow supplement) and genomic characterization using molecular methods.  DNA extraction was carried out 
followed by polymerase chain reaction (PCR) using specific set of primer, 16srRNA designed specific for H. pylori 
bacteria. Further PCR tests were conducted targeting genes linked to bacterial survival and pathogenicity, such as the cell 
wall synthesis gene glmM, urease genes ureA and ureB, outer membrane protein genes oip A, hof C, hopQ and homA, 
virulence genes cagA, cagE, and vacA m2, as well as the adhesion-related gene iceA1.For molecular validation, Sanger 
sequencing was conducted on the amplified universal 16S rRNA gene obtained from bacterial DNA derived from cultures, 
and the resulting sequence was deposited in the NCBI database. Additionally, fifteen biopsy DNA samples, randomly 
selected and positive for the ureB gene, underwent further confirmation via Sanger sequencing. The sensitivity, specificity, 
and accuracy of the rapid urease test (RUT), culture methods were evaluated comparatively to determine the reliability of 
each diagnostic approach. The combined application of PCR and sequencing enabled precise and dependable confirmation 
of H. pylori infection from both clinical biopsy specimens and culture-derived isolates. This study underscores the 
importance of integrating traditional and molecular diagnostic techniques to achieve accurate detection and genetic 
characterization of H. pylori in symptomatic patients. 
 
Key words   
H. pylori, PCR, Culture, Rapid urease test, virulence gene, Outer membrane protein 
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1. INTRODUCTION  
Helicobacter pylori is an ubiquitous, gram-negative, 
microaerobic, spiral-shaped bacterium that primarily 
colonizes epithelial cells covering the gastric lining or it 
thrives ~300 micron thick overlying mucous membranes 
of the  stomach 1,2. H. pylori exhibits both chemotactic 
and swimming abilities to escape the acidic gastric juice, 
it also possesses the cytoplasmic enzyme urease. This 
flagellated bacterium induces chronic inflammation of 
the underlying gastric mucosa with humoral and tissue 

immune reactions causing gastritis and  variety of 
gastroduodenal diseases, including gastric ulcer , peptic 
ulcer disease, lymphoma, and gastric 
adenocarcinomas3,4 Approximately 50% of the world's 
population is chronically infected with this bacterium,  
with the incidence of infection in developing countries 
reaching 70-90% and about 25-50% of people in 
industrially  developed countries 5(Figure1). The 
prevalence of H. pylori reported by ray et al was found 
to be 53% in Pondicherry6. A lack of proper sanitation 
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ABSTRACT

Animal research has played a major role in the development of vaccinations and therapies for 
illnesses such as tetanus, polio, meningitis, hepatitis, and Severe Acute Respiratory Syndrome 
Coronavirus 2. For every prescription drug available today, animal testing and research have 
contributed immensely. This narrative review aims to explore the contribution of animals to 
biomedical advancements in the current era, which involved a search of peer-reviewed 
literature using electronic databases such as Scopus, Web of Science, and PubMed. In current 
biomedical research, animals help develop new treatments for long-term illnesses such as 
cancer, HIV, and Alzheimer’s. Animals also aid in the development of antibiotics and vaccines, 
act as disease models, help to test the therapeutic efficiency of drugs, and help us understand 
complex biological systems. Among the specific developments are treatments for heart disease 
and diabetes, methods for organ transplantation, and knowledge of how viruses such as 
COVID-19 spread. Animal studies are found to be essential in every step of the current research 
process, from disease modeling to the identification of a cure, in both academia and industry. 
However, increasing animal welfare and ethical concerns have led to the emergence of 
alternative sources. With advances in computer science and simulation research, scientists are 
trying to replace animal models with things such as organ-on-chip, organoid, and tissue-based 
models. While the majority of these technologies is in their early stages or cannot mimic a 
whole animal body, it appears that there is still a long way to go before animal studies are 
completely replaced by these technologies. Until then, the prudent and ethical utilization of 
animals, along with developing valid and reliable alternatives, appears to be an integral part of 
cutting-edge biomedical research.

Key words: Animal experiment, biomedical research, laboratory animals, medical advancement, toxicity 
research

INTRODUCTION

The involvement of animals in biomedical research 
continues to be crucial for uncovering the origins, 
identification, and management of illness and distress in 

both humans and animals. In addition to providing knowledge, 
fundamental biological and medical research is essential for the 
development of novel diagnostic and therapeutic approaches. 
For instance, there would not have been a coronavirus vaccine 
based on messenger ribonucleic acid (mRNA) if basic mouse 
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