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PREFACE 

The expanding frontiers of pharmaceutical therapeutics and drug 

delivery are redefining the landscape of modern medicine, 

integrating molecular insights, advanced nanotechnology, and 

evidence-based clinical strategies. Innovations in Pharmaceutical 

Therapeutics and Drug Delivery presents a comprehensive 

exploration of these developments, highlighting the convergence of 

interdisciplinary approaches that address complex diseases and 

unmet clinical needs. 

A prominent focus of this volume lies in the advancement of 

nanotechnology-driven drug delivery systems, particularly in 

overcoming biological barriers such as the blood–brain barrier (BBB). 

Innovative strategies, including redox-responsive liposomal systems 

and nanoparticle-based carriers, demonstrate significant potential 

in enhancing drug targeting, improving therapeutic efficacy, and 

minimizing systemic toxicity. These approaches are especially 

critical in the management of neurodegenerative disorders, where 

precise delivery and modulation of oxidative stress and 

neuroinflammation are essential. 

The book also emphasizes the role of molecular and genetic factors 

in disease pathogenesis and therapeutic outcomes. Chapters 

addressing monogenic disorders, calcium metabolism 

polymorphisms, and genetic predisposition in kidney stone disease 

underscore the importance of personalized medicine. By 

understanding individual variability at the genetic level, more 

effective prevention and treatment strategies can be developed, 

particularly in recurrent and chronic conditions. 
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Another key theme is the identification and application of 

biomarkers for early disease detection and prognosis. The 

exploration of biomarkers in renal injury highlights their clinical 

significance in enabling timely intervention and improving patient 

outcomes. Complementing this, pharmacological strategies for the 

prevention of recurrent kidney stones and evidence-based 

approaches such as medical expulsive therapy illustrate the 

integration of research findings into clinical practice. 

The volume further extends into the study of endocrine and 

metabolic disorders, with discussions on hypercortisolism and 

calcium homeostasis, as well as broader physiological systems such 

as liver function. These chapters provide a pathophysiological 

foundation that bridges biological understanding with therapeutic 

innovation, reinforcing the importance of holistic approaches in drug 

development. 

Infectious diseases and their evolving therapeutic challenges are 

also addressed, particularly through the study of viral evolution and 

modern treatment strategies. Such insights are vital in preparing for 

future pandemics and improving current antiviral interventions. 

Additionally, rare genetic conditions, including Fragile X syndrome, 

are examined to shed light on their complex etiology and 

management, further broadening the scope of therapeutic 

research. 

The inclusion of emerging technologies such as nanorobots signifies 

the future trajectory of drug delivery, where precision, automation, 

and targeted intervention converge. These innovations hold the 

promise of revolutionizing treatment modalities across a wide range 

of diseases. 

http://www.srrbooks.in/
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Chapter 1 

Redox-responsive Liposomal co-delivery of taxifolin 

and galantamine for restoration of BBB Integrity and 

Attenuation of Oxidative Neuroinflammation in Aβ-

Induced Neurodegenerative Rats 

Aafila Simanaa, Abdul basithb, C.Ronald Darwinb* 

aB.Pharm student, Department of Pharmacology, School of 

Pharmaceutical Sciences, Vels Institute of Science, Technology & 

Advance Studies, Chennai. 

bProfessor and Head, Department of Pharmacology, School of 

Pharmaceutical Sciences, Vels Institute of Science, Technology & 

Advance Studies, Chennai. 

* Corresponding Author: hodpcology.sps@vistas.ac.in 

Abstract 

Alzheimer’s disease (AD) is a multifactorial neurodegenerative 

disorder characterized by amyloid-β aggregation, oxidative stress, 

neuroinflammation, cholinergic dysfunction, and blood–brain barrier 

(BBB) disruption. The present study proposes a redox-responsive 

liposomal co-delivery system encapsulating Taxifolin and 

Galantamine for synergistic AD management. Taxifolin provides 

antioxidant, anti-amyloidogenic, and anti-inflammatory effects, while 

Galantamine enhances cholinergic neurotransmission through 

acetylcholinesterase inhibition and nicotinic receptor modulation. 

The liposomes were characterized for particle size, zeta potential, 

encapsulation efficiency, and in vitro redox-triggered drug release. 

Pharmacokinetic evaluation suggests improved bioavailability, 

prolonged systemic circulation, protection from premature 

metabolism, and enhanced BBB penetration following intravenous 
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administration. Upon exposure to oxidative conditions, the 

formulation enables controlled drug release at the pathological site. 

Pharmacodynamically, the system reduces reactive oxygen species, 

suppresses pro-inflammatory cytokines, inhibits amyloid 

aggregation, restores tight junction protein integrity, and improves 

cholinergic signaling. This dual-targeted nanoformulation represents 

a promising disease-modifying strategy integrating neuroprotection 

with symptomatic improvement in Alzheimer’s disease. 

Keywords: Alzheimer’s disease, Amyloid-β aggregation, Redox-

responsive liposomes, Toxifolin, Galantamine, Blood brain 

barrier(BBB). 

1. Introduction 

A small liposomal co delivery system that releases Taxifolin and 

Galantamine only in the area of high oxidative stress in brain, to 

repair Blood-brain barrier damage and reduce the neuro 

inflammation caused by Amyloid -beta protein. In this poster, we 

focus on a targeted therapeutic system for Alzheimer's disease using 

a redox-responsive liposomal system. Basically, Alzheimer’s disease 

is a chronic neurodegenarative disorder which is charecterized by 

memory loss, behaviour disturbance. One of the most important 

pathological features in Alzheimer’s Disease is accumulation of 

amyloid beta protein in the brain.[1] 

2. Etiology  

Amyloid plaques (also known as neuritic plaques, amyloid beta 

plaques or senile plaques) are extracellular deposits of amyloid beta 

(Aβ) protein that present mainly in the grey matter of the 

brain[2][3][4][5]. Degenerative neuronal elements and an abundance 

of microglia and astrocytes can be associated with amyloid plaques. 
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Some plaques occur in the brain as a result of aging, but large 

numbers of plaques and neurofibrillary tangles are characteristic 

features of Alzheimer's disease. The major cause is abnormal 

accumulation of β-amyloid peptides due to improper cleavage of 

amyloid precursor protein (APP), leading to formation of extracellular 

amyloid plaques in the brain. Another key factor is 

hyperphosphorylation of tau protein, which results in intracellular 

neurofibrillary tangles and neuronal degeneration. Genetic mutations 

in APP, presenilin-1 (PSEN1), and presenilin-2 (PSEN2) are 

associated with early-onset familial cases, while the ApoE-ε4 allele is 

a major risk factor for late-onset disease. In addition, cholinergic 

neuron degeneration causing decreased acetylcholine levels, 

oxidative stress, neuroinflammation, aging, head injury, and 

cardiovascular conditions such as hypertension and diabetes also 

contribute to the development of the disease. [6] 

3. Current treatment 

Over the last three decades, the evidence on how to best treat the 

cognitive and non-cognitive symptoms of patients with Alzheimer's 

disease has increased. Although these pharmacological and non-

pharmacological strategies have significantly improved health 

outcomes for patients with Alzheimer's disease, many lack stringent 

evidence of efficacy[7]. In Alzheimer's disease, the drugs currently 

used mainly help in improving symptoms or slowing disease 

progression. Acetylcholinesterase inhibitors such as Donepezil, 

Taxifolin and Galantamine increase acetylcholine levels in the brain 

and are used in mild to moderate stages. Memantine, an NMDA 

receptor antagonist, is used in moderate to severe cases to reduce 

glutamate-mediated excitotoxicity. Recently, disease-modifying 
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monoclonal antibodies like Lecanemab and Donanemab have been 

introduced to target amyloid-beta plaques and help slow disease 

progression in early stages [8]. 

4. Combination therapy 

Combination therapy is a treatment approach in which two or more 

drugs are used together to treat a single disease. The drugs may have 

different mechanisms of action, and when used together, they can 

produce a better therapeutic effect than a single drug alone. Although 

there are several drugs available for Alzheimer’s treatment, most of 

them only provide symptomatic relief. They do not effectively address 

oxidative stress, neuroinflammation and Blood Brain Barrier damage 

simultaneously[9]. Moreover, drug delivery to Blood Brain Barrier is 

difficult due it’s restrective nature. Here there is a need of a targeted 

drug delivery system with a multi-targeted therapeutic approach. And 

a system that releases the drug specifically in diseased region. This 

is where liposomal co-drug delivery system occurs. It is basically 

designed as the redox response liposomal co drug delivery systems 

releases the drugs only when there is high oxidative stress occurs. 

The concept is, when the liposomes reaches the region with high 

reactive oxygen species it breaks down and releases the drugs 

specifically there. This ensures that, the targeted drug delivery 

system and improved therapeutic efficiency [10]. 

5. Galantamine   

Galantamine is an alkaloid extracted from Amaryllidaceae and 

daffodil bulbs, but now synthesized, is a reversible, competitive 

inhibitor of acetylcholinesterase with very little butyrylcholinesterase 

inhibitory activity. Galantamine is a cholinsterase inhibitor 

commonly used in alzheimer's disease. It works by inhibiting acetyl 
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cholinsterase and improves memory function. Competitive inhibitors 

compete with acetylcholine at the acetylcholinesterase binding sites, 

while non‐ competitive inhibitors bind to the sites independent of 

acetylcholine concentration. Because competitive 

acetylcholinesterase inhibitors are dependent on acetylcholine 

concentration, they may be less likely to bind to the enzymatic site in 

areas that have high acetylcholine levels [11-12]. 

6. Taxifolin 

Taxifolin is a naturally strong antioxidant and anti-inflammatory 

properties. It hellfire in reducing oxidative stress, protecting neurons 

from damage and support Blood Brain Barrier repair. Age-related or 

late-life dementia is characterized by neurodegeneration induced by 

the accumulation of amyloid plaques and neurofibrillary tangles, and 

by several overlapping features, including vascular risk factors (e.g., 

hypertension, diabetes mellitus, and obesity), cerebrovascular 

diseases, inflammation, and apolipoprotein E (APOE) genotypes. Only 

a small percentage of people beyond 80 years indeed have “pure 

Alzheimer’s disease (AD)” or “pure vascular dementia" [13]. 
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Chapter 2 

Impact of Monogenic Disorders and Calcium 

Metabolism Polymorphisms in Kidney Stone Disease  

Aanu G Sa, Hema Prabha M Pa, Ramya Ab* 

a B.Pharm Student, Department of Pharmacology, School of 

Pharmaceutical Sciences , Vels Institutes of Science, Technology & 

Advanced Studies, Chennai 

bAssistant Professor, Department of Pharmacology, School of 

Pharmaceutical Sciences, Vels Institutes of Science, Technology & 

Advanced Studies, Chennai  

* Corresponding Author: ramya.sps@vistas.ac.in 

Abstract 

Kidney stone disease is a common urological disorder that affects 

nearly 10% of the global population. It is a multifactorial condition 

influenced by both genetic and metabolic factors. Disturbances in 

calcium metabolism play a major role in stone formation, and these 

metabolic processes are tightly regulated by various hormonal 

mechanisms. Genetic factors, particularly monogenic disorders and 

genetic polymorphisms, also contribute significantly to the 

development of kidney stones by altering calcium metabolism. 

Monogenic stone disorders arise due to inherited mutations in genes 

responsible for mineral metabolism and renal tubular transport in 

the kidney. Several inherited conditions, including Dent Disease, 

Cystinuria, and Primary Hyperoxaluria, are associated with recurrent 

stone formation. 

In addition to these rare genetic mutations, genetic polymorphisms 

also influence susceptibility to kidney stone disease. Genetic 
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polymorphism refers to the occurrence of common DNA sequence 

variation among individuals within a population. Variations in genes 

involved in calcium regulation, such as the Calcium-Sensing 

Receptor and the Vitamin D Receptor, play an important role in 

maintaining calcium homeostasis. Alterations in these genes may 

affect intestinal calcium absorption, renal calcium reabsorption, and 

overall calcium balance, thereby increasing the risk of calcium-based 

kidney stones. 

This chapter provides an overview of calcium metabolism, the genetic 

basis of monogenic stone disorders, and the role of genetic 

polymorphisms in modulating calcium homeostasis. Understanding 

the interaction between hormonal regulation, genetic mutations, and 

polymorphic variations is essential for improving the diagnosis, 

prevention, and personalized management of hereditary kidney stone 

diseases. 

Keywords: Monogenic Stone Disorder; Genetic Polymorphism; Dent 

Disease; Cystinuria; Primary Hyperoxaluria;  

1. Introduction 

Kidney stone disease is a prevalent disorder of the urinary tract 

characterized by the formation of crystalline mineral deposits within 

the renal collecting system as a result of supersaturation of solutes 

in urine. This condition, referred to as Nephrolithiasis, affects 

approximately 10% of the global population and its incidence has 

been increasing over the past few decades [1,2]. Clinically, patients 

often present with acute flank pain (renal colic), hematuria, and may 

also develop urinary tract infections or progressive deterioration of 

renal function in severe cases [3]. In addition, kidney stone disease is 

marked by a high recurrence rate, with nearly 50% of individuals 
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experiencing repeated stone episodes within a few years, thereby 

imposing a substantial burden on both patient quality of life and 

healthcare systems [4]. 

Kidney stone disease develops through a multifactorial process 

involving interactions between environmental influences, metabolic 

abnormalities, and genetic susceptibility [5]. Stone formation occurs 

when urinary solutes become supersaturated, leading to crystal 

nucleation, growth, and aggregation within the urinary tract [6]. Major 

stone-forming components include calcium, oxalate, phosphate, 

urate, and cystine, while substances such as citrate and magnesium 

act as natural inhibitors of crystallization [7]. Among these, calcium-

based stones are the most common, underscoring the importance of 

disturbances in calcium metabolism in the development of 

nephrolithiasis [8]. Calcium balance in the body is regulated by 

coordinated renal and hormonal mechanisms involving key 

regulators such as Parathyroid Hormone and Vitamin D, which 

control intestinal absorption, bone resorption, and renal excretion of 

calcium [9]. 

In addition to metabolic factors, genetic influences play an important 

role in kidney stone susceptibility [10]. Some cases arise from 

monogenic disorders caused by mutations in single genes that affect 

renal tubular transport and mineral metabolism [11].Examples 

include Dent disease, cystinuria, and primary hyperoxaluria, which 

lead to abnormal urinary excretion of stone-forming substances and 

recurrent nephrolithiasis [12]. Advances in genomic technologies have 

enabled the identification of several genes responsible for these 

inherited conditions, improving diagnostic accuracy and 

understanding of their molecular mechanisms [13]. 
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Apart from rare monogenic mutations, common genetic variations 

also influence the risk of kidney stone formation. Genetic 

polymorphisms are naturally occurring DNA sequence variations that 

can affect gene expression or protein function [14]. Variations in genes 

involved in calcium metabolism, particularly the Calcium‑ Sensing 

Receptor and Vitamin D Receptor, may alter calcium absorption and 

renal handling, thereby contributing to stone susceptibility [15]. 

Understanding the combined effects of monogenic mutations and 

genetic polymorphisms is essential for clarifying the pathogenesis of 

nephrolithiasis and may support improved diagnosis, risk prediction, 

and personalized treatment strategies. 

1.1. Monogenic Stone Disorder 

Monogenic stone disorders represent a subgroup of kidney stone 

diseases that arise due to pathogenic variants in a single gene 

affecting renal tubular transport and mineral metabolism. These 

disorders typically follow patterns of Mendelian Inheritance, 

including autosomal dominant, autosomal recessive, or X-linked 

inheritance. In contrast to multifactorial nephrolithiasis, monogenic 

kidney stone disease is characterized by a strong genetic contribution 

and often presents with early onset, recurrent stone formation, and a 

positive family history. Genetic defects usually disrupt the renal 

handling of lithogenic substances such as calcium, phosphate, 

oxalate, or cystine, resulting in increased urinary excretion and 

subsequent crystal formation within the urinary tract. 

Several well-characterized monogenic disorders are associated with 

kidney stone formation. Mutations in the genes SLC3A1 and SLC7A9 

lead to Cystinuria, a disorder characterized by impaired renal 

reabsorption of cystine and dibasic amino acids, resulting in 
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excessive urinary cystine and recurrent cystine stone formation. 

Additionally, variants in genes involved in renal phosphate transport, 

including SLC34A1, SLC34A3, and SLC9A3R1, have been implicated 

in monogenic kidney stone disease through disruption of phosphate 

handling and mineral homeostasis. These transport defects increase 

the urinary concentration of crystallizing solutes, thereby promoting 

kidney stone formation [16]. 

1.2. Genomic Advances in the Diagnosis of Monogenic 

Nephrolithiasis 

Advances in genomic technologies, particularly whole-exome 

sequencing, have enabled the identification of numerous genes 

associated with monogenic nephrolithiasis. Recent cohort studies 

demonstrate that rare pathogenic variants representing strong 

genetic risk factors are present in a subset of kidney stone patients, 

emphasizing the importance of integrating genetic testing with 

clinical and biochemical evaluation. Identification of such variants 

can facilitate more precise diagnosis, guide targeted therapeutic 

interventions, and enable genetic counseling for affected families.  

Genetic testing is increasingly important for identifying inherited 

causes of kidney stone disease (KSD). Research indicates that nearly 

15% of kidney stone cases seen in specialized clinics are linked to 

monogenic disorders resulting from mutations in a single gene. 

However, performing genetic testing for every patient is not feasible 

due to high costs and limited resources. As a result, careful selection 

of patients is necessary to ensure the effective use of genetic testing. 

Certain clinical characteristics—such as early onset of stone 

formation, presence of stones in both kidneys, nephrocalcinosis, and 

a family history of kidney stones—may suggest an underlying genetic 
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cause. Patients with these features are therefore often prioritized for 

genetic evaluation. Recognizing these predictive clinical indicators 

can help clinicians identify individuals who are more likely to benefit 

from genetic testing, leading to improved diagnosis and more targeted 

management of hereditary kidney stone disorders [17]. 

2. Genetic Polymorphism 

Genetic polymorphism refers to the presence of two or more 

variations in a DNA sequence within a population, where the least 

frequent allele occurs at a frequency of at least 1%. These variations 

arise through several biological processes, including mutations, 

errors during DNA replication, genetic recombination during meiosis, 

and exposure to environmental factors such as radiation or chemical 

agents. Although many polymorphisms are functionally neutral, 

some can alter important physiological pathways and contribute to 

differences in disease susceptibility among individuals. In particular, 

polymorphisms in genes involved in metabolic regulation, ion 

transport, and hormonal signaling may influence the risk of complex 

diseases such as kidney stone disease by affecting processes like 

calcium absorption, renal calcium reabsorption, and mineral 

metabolism [18] [19] [20]. 

2.1 Casr Gene Polymorphism in Kidney Stones  

A case–control study investigated the relationship between 

polymorphisms in the calcium-sensing receptor (CaSR) gene and 

susceptibility to calcium-containing kidney stones in the Kunming 

Han Chinese population. The study included 100 patients with 

kidney stones and 100 healthy control individuals. Three CaSR gene 

polymorphisms—rs1042636, rs1801725, and rs1801726—were 

analyzed using SNaPshot genotyping technology. The findings 
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revealed that individuals carrying the rs1801725 GT genotype had a 

significantly higher risk of developing kidney stones compared with 

the control group. Moreover, these individuals exhibited increased 

24-hour urinary calcium excretion, indicating reduced calcium 

reabsorption in the renal tubules. The elevated urinary calcium levels 

may contribute to the formation of calcium-based kidney stones [21]. 

2.2 Clinical Implications 

 

Figure 1: Genetic Basis of Kidney Stone Formation: Monogenic 

Disorders and Genetic Polymorphisms 

Genetic variations, particularly single nucleotide polymorphisms 

(SNPs) in genes regulating calcium and phosphate transport or 

hormone signaling, can influence both the risk of kidney stone 

formation and responses to preventive treatments like thiazide 

diuretics and vitamin D–based therapies. Evidence from 

genome‑ wide association and Mendelian randomization studies 

suggests that genetic markers related to thiazide response are linked 

to lower stone risk, indicating that genotype may guide therapy [22]. 

Variants in calcium-sensing genes (e.g., DGKD), phosphate 
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transporters (e.g., SLC34A1), and vitamin D metabolism genes (e.g., 

CYP24A1, VDR) are associated with changes in urinary calcium and 

phosphate handling, shedding light on the metabolic pathways 

underlying nephrolithiasis [23]. As genomic testing becomes more 

accessible, combining SNP data with biochemical profiles (e.g., urine 

calcium and citrate) and clinical history can support personalized 

kidney stone management through tailored surveillance and targeted 

interventions [24]. 
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Abstract 

Acute kidney injury (AKI) is a major global health problem associated 

with significant morbidity and mortality. Conventional diagnostic 

markers such as serum creatinine and urine output often fail to 

detect kidney injury at early stages. Therefore, the identification of 

accurate biomarkers for early detection has become an important 

focus in nephrology research. Among the emerging biomarkers, 

urinary neutrophil gelatinase-associated lipocalin (uNGAL) and 

urinary kidney injury molecule-1 (uKIM-1) have shown considerable 

promise in identifying renal injury at early stages. These biomarkers 

are rapidly released following renal tubular damage and can be 

detected in urine within a few hours after injury. Their high sensitivity 

and specificity allow earlier diagnosis compared with traditional 

indicators. This chapter discusses the role of novel biomarkers, 

including NGAL, KIM-1, IL-18, and L-FABP, in the early detection of 



Dr. A. Ramya, Mrs. R. Prasidha, Dr. Vijayakumar Murugesan, Dr. Kommu Pradeep 

Page | 18   

renal injury and highlights their potential clinical applications in 

improving diagnosis, monitoring, and management of AKI. 

Keywords: Acute kidney injury (AKI); Biomarkers; urinary neutrophil 

gelatinase-associated lipocalin (uNGAL); urinary kidney injury 

molecule-1 (uKIM-1). 

1. Introduction 

Acute Kidney Injury (AKI) is characterised by a decline in renal 

function that leads to the accumulation of urea and other waste 

metabolites together with imbalance of fluid and electrolytes. The 

Kidney Disease Improving Global Outcomes (KDIGO) guidelines 

characterize acute kidney injury as a rise in serum creatinine levels 

of ≥0.3 mg/dl (26.5 µmol/litre) within 48 hours, an elevation in serum 

creatinine levels to ≥1.5 times the baseline within 7 days, or a urine 

output <0.5 ml/kg/hour for 6 hours. The Prevailing definition and 

clinical diagnosis of AKI depend on evaluation of serum creatinine 

and blood urea nitrogen (BUN). However, these parameters rise only 

after substantial loss of kidney function, often delaying diagnosis and 

treatment. Serum creatinine may increase only after 48–72 hours of 

injury, which limits its effectiveness for early detection [1,2]. To 

overcome these limitations, considerable research has focused on 

identifying biomarkers capable of detecting renal injury at earlier 

stages of disease progression [1,10]. Recent advances in molecular 

biology and proteomics have led to the discovery of several novel 

biomarkers such as urinary neutrophil gelatinase-associated 

lipocalin (uNGAL), urinary kidney injury molecule-1 (uKIM-1), 

cystatin C, interleukin-18 (IL-18), and liver-type fatty acid-binding 

protein (L-FABP)[5,6,8,12]. These biomarkers are released in response to 
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renal injury and may appear in blood or urine within hours of damage 

[1,11]. 

1.1. Pathophysiology of Acute Kidney Injury 

The pathophysiology of AKI involves a significant decline in the 

glomerular filtration rate (GFR) caused by reduced blood flow to the 

kidneys, inflammation and tubular injury. The core mechanism 

includes hemodynamic instability, tubular injury, endothelial 

dysfunction and intrarenal vasoconstriction [1,10]. The major 

etiological factors of AKI include ischemia-reperfusion injury, 

nephrotoxicity and urinary tract obstruction [1,11]. 

1.2. Characteristics of Ideal Biomarkers 

A Biomarker should possess several important characteristics for it 

to be an ideal one. The characteristics are listed below 

● Higher sensitivity and specificity 

● Ability to recognize injury at an early stage 

● Non-invasive evaluation 

● Rapid and reliable assay methods 

● Prognostics and predictive value 

● Ability to identify the type of renal injury 

● Cost-effectiveness for clinical use 

Different combinations of biomarkers are often employed to promote 

the precision of diagnosis because no single biomarker satisfies all 

the above conditions. 

2. Novel Biomarkers in Early Detection of Renal Injury 

2.1 Neutrophil Gelatinase-Associated Lipocalin 

NGAL is one of the most extensively studied biomarkers for AKI. It is 

a small protein expressed in neutrophils and epithelial cells. Initially 
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discovered in human neutrophils, neutrophil gelatinase-associated 

lipocalin (NGAL), also known as siderocalin or lipocalin-2 is a 25 kDa 

polypeptide that is resistant to protease enzymes. The kidney, lungs, 

and colon are some of the human epithelia where it is expressed in 

trace amounts. In 2005, Mishra et al. demonstrated that NGAL was 

a reliable early biomarker of subclinical AKI in pediatric patients 

following cardiopulmonary bypass; its elevation was maintained 

throughout the course of AKI and anticipated any increase in serum 

creatinine by one to three days [1]. The degree of kidney damage is 

correlated with the level of NGAL expression, which may help identify 

patients who are at a higher risk of rapid deterioration in renal 

function [13]. Increased cell proliferation, cytogenesis, renal injury, 

and the advancement of AKI are all consequences of NGAL expression 

[1,13]. NGAL has demonstrated a strong association with serum 

creatinine, cystatin C, and estimated GFR [1]. Additionally, urine 

NGAL is a measure of normoalbuminuric renal illness in type 2 

diabetes mellitus and a good predictor of renal injury prior to 

apparent changes in eGFR [1, 13]. 

2.2 Kidney Injury Molecule-1    

Kidney injury molecule-1 (KIM-1) is a 38.7 kDa type I transmembrane 

glycoprotein that contains an extracellular immunoglobulin-like 

domain [8]. Additionally, KIM-1 functions as a phosphatidylserine 

receptor and converts epithelial cells into semi-professional 

phagocytes [15]. It is expressed at low levels in the kidney and other 

organs, but is markedly elevated in kidney injury, particularly 

following ischemia-reperfusion injury, in some renal 

tubulointerstitial disorders, and in polycystic kidney disease[8, 15]. 

Patients with acute tubular necrosis soon after injury had a soluble 

form of human KIM-1 in their urine, which was linked to the extent 
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of the lesion, suggesting that KIM-1 could serve as a biomarker for 

renal proximal tubule damage and related healing processes[7]. KIM-

1 is a sensitive biomarker for chronic proximal tubular injury in 

patients with acute kidney injury (AKI), which is linked to the 

incidence, progression, and prognosis of the illness. Chronic KIM-1 

expression in renal tubules encourages the production of monocyte 

chemotactic protein 1, which, in turn, promotes fibrosis and a 

proinflammatory microenvironment [15]. Its expression increases as 

the illness progresses and is associated with proteinuria and 

podocytopenia [8]. 

2.3 Interleukin-18 (IL-18) 

The cytokine interleukin-18 (IL-18) belongs to the IL-1 superfamily [6]. 

It is produced by several cell types, including monocytes, 

macrophages, proximal tubular cells, and epithelial cells [6]. IL-18 is 

synthesized as a 23-kDa inactive precursor, which is cleaved by 

caspase-1 to form the biologically active 18.3-kDa cytokine [6]. The 

amount of IL-18 released into the urine following its induction in 

proximal tubular cells and cleavage by caspase-1 can be measured 

using an enzyme-linked immunosorbent assay (ELISA) [6]. According 

to Melnikov et al., kidney IL-18 increases in the context of ischemic 

acute kidney injury (AKI) and causes tubular necrosis by promoting 

ischemia-reperfusion injury and neutrophil and monocyte infiltration 

of the renal parenchyma in early animal models [6].  IL-18's predictive 

accuracy for AKI has been investigated in a number of clinical 

contexts, such as after cardiac surgery, in critical patient care, 

following cardiac catheterisation, and following organ donation [1,6]. 

According to this research, urine IL-18 levels can be easily and 

inexpensively quantified and rise early in ischaemic kidney injury 
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(about 12 hours before clinical AKI). Its ability to predict AKI is 

enhanced when IL-18 is combined with other biomarkers [1]. 

3. Liver Fatty Acid-Binding Protein (L-Fabp) 

Liver fatty acid–binding protein (L-FABP), also known as FABP1, is a 

14 kDa soluble protein predominantly found in the cytoplasm of 

hepatocytes, enterocytes, renal proximal tubular cells, and alveolar 

epithelial cells [4,12]. Under physiological conditions, albumin is 

primarily reabsorbed in the proximal tubules attached to free fatty 

acids after being filtered from the glomeruli [14].  

Table 1. Major Biomarkers Used in the Early Detection  

of Renal Injury 

Biomarker Source 
Type of 
Sampl

e 

Time of 

Elevation 
After 
Injury 

Clinical 
Significance 

Limitations 

NGAL 

Renal 
tubular 

epithelia
l cells 

Blood, 

Urine 

2–4 

hours 

Early 
detection of 

AKI, cardiac 
surgery AKI 

Elevated in 

infections 

KIM-1 

Proxima
l 

tubular 
cells 

Urine 
6–12 

hours 

Specific 
marker of 

tubular 
injury 

Limited 
routine 

availability 

IL-18 

Proxima
l 

tubules, 

immune 
cells 

Urine 
4–6 

hours 

Ischemic 

and 
inflammator

y AKI 

Less specific 

in systemic 
inflammatio

n 

L-FABP 

Renal 

tubular 
cells 

Urine 
1–2 

hours 

Marker of 
oxidative 

stress and 
tubular 

ischemia 

Limited 

clinical 
validation 

Following reabsorption, cytosolic albumin enters lysosomes and 

releases fatty acids to L-FABP [4]. Long-chain fatty acids are bound by 

L-FABP, which contributes to intracellular signalling, fatty acid 
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metabolism, and the excretion of lipid peroxidation products, all of 

which lead to renal protection [4,16]. Urinary L-FABP levels can be 

measured using a solid-phase enzyme-linked immunosorbent assay 

(ELISA) based on the sandwich principle with a functional time of 3.5 

hours[14]. Elevated urinary L-FABP levels indicate underlying 

ischemic tubular stress and have been reported to possess moderate 

prognostic value for predicting the onset of acute kidney injury (AKI) 

[12]. Combining biomarkers such as KIM-1 and L-FABP improves 

diagnostic accuracy and early detection of AKI compared with the use 

of a single biomarker [3]. 

4. Clinical application of biomarkers for AKI 

The identification of AKI biomarkers has evolved, but their application 

in clinical practice is still relatively new. Acute kidney injury often has 

multifactorial causes, but the lack of insight into the principal 

etiology of the acute kidney injury will no doubt hinder studies 

directed at prevention or treatment of acute kidney injury given the 

lack of specificity [1, 10]. To date no single biomarker has been shown 

to be consistently better across a variety of clinical settings. 

Alternatively, using a panel of biomarkers that are raised under 

various situations may yield more diagnostic information [3]. The 

presence of a predictive biomarker or biomarker panel, suggestive of 

an underlying cause of acute kidney injury, would allow early 

identification of acute kidney injury and targeting management to the 

underlying cause, aimed at preventing acute kidney injury. Therefore, 

continued research and large-scale clinical validation studies are 

essential to establish reliable biomarker panels for the early 

diagnosis, prognosis, and effective clinical management of renal 

injury [1, 10]. The major biomarkers used for the early detection of acute 
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kidney injury, along with their sources, sample types, clinical 

significance, and limitations, are summarized in Table 1. 

5. Conclusion 

Acute kidney injury (AKI) remains a major clinical concern and is 

associated with significant morbidity, mortality, and healthcare 

burden worldwide [1,2]. Conventional diagnostic markers such as 

serum creatinine and blood urea nitrogen are widely used in clinical 

practice; however, these markers often increase only after 

considerable loss of renal function, limiting their usefulness for early 

detection of kidney injury [1]. Consequently, there has been increasing 

interest in the development of novel biomarkers that can identify 

renal injury at earlier stages and allow timely intervention. 

Several biomarkers, including neutrophil gelatinase-associated 

lipocalin (NGAL), kidney injury molecule-1 (KIM-1), interleukin-18 

(IL-18), and liver fatty acid-binding protein (L-FABP), have 

demonstrated significant potential for the early detection and 

prognosis of AKI [6,8,12,13]. These biomarkers reflect different 

pathological activities involved in renal injury, such as tubular 

damage, inflammation, oxidative stress, and ischemia [6,8,12]. Because 

AKI is a complex and multifactorial condition, the use of a single 

biomarker may not provide sufficient diagnostic accuracy [3]. 

Despite the promising potential of these biomarkers, several 

challenges remain before their routine clinical implementation. 

Variability in study designs, differences in diagnostic cut-off values, 

and limited validation across diverse patient populations continue to 

restrict widespread clinical application [1,10]. Thus, further large-scale 

clinical studies and standardized protocols are necessary to establish 

reliable biomarker-based diagnostic strategies. 
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In conclusion, AKI biomarkers represent an important advancement 

in the early detection and management of renal injury. With 

continued research, validation, and integration into clinical practice, 

biomarker-guided approaches may improve early diagnosis, enable 

targeted therapeutic interventions, and ultimately reduce the 

progression of kidney injury, the need for renal replacement therapy, 

and associated mortality [1,2,3]. 
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Abstract 

Recurrent nephrolithiasis is a common and challenging condition; 

with nearly half of affected individuals develop new stones within ten 

years. Pharmacological prevention, guided by metabolic evaluation 

and analysis of stone composition, is central to reducing recurrence 

risk. Thiazide diuretics are widely used in patients with 

hypercalciuria, as they lower urinary calcium excretion and thereby 

reduce calcium stone formation. Potassium citrate is effective in 

correcting hypocitraturia and alkalinizing urine, which prevents 

calcium oxalate and uric acid stones. Allopurinol, by inhibiting uric 

acid synthesis, is beneficial in patients with hyperuricosuria or uric 

acid stones. Other agents, such as magnesium supplements and 

acetohydroxamic acid, have limited or specialized roles, particularly 

in struvite stones. Evidence from randomized controlled trials 

demonstrates that tailored pharmacological therapy, when combined 

with lifestyle measures such as adequate hydration, sodium 

restriction, and moderated protein intake, can reduce recurrence 
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rates by 40–60%. Despite proven efficacy, long-term adherence and 

monitoring for adverse effects are essential to ensure sustained 

benefit. Thus, individualized pharmacological intervention, 

integrated with dietary and behavioral strategies, represents the 

cornerstone of recurrent stone prevention and remains a critical 

component of comprehensive management in patients at risk of 

recurrence. 

Keywords: Recurrent nephrolithiasis; Kidney stone prevention, 

Pharmacological therapy; Thiazide diuretics; Hypercalciuria. 

1. Introduction 

Pharmacological prevention of recurrent stones involves a 

combination of dietary measures and medications. Thiazide diuretics 

are commonly used to decrease urinary calcium levels, thereby 

reducing the recurrence of kidney stones [1,3]. Higher dose of thiazides 

have been associated with a greater reduction in urinary calcium 

levels and decreased the kidney recurrent stones [1]. Potassium citrate 

is another medication that can be used to prevent recurrent stones, 

especially with recurrent calcium-containing stones.  It is 

recommended for people with recurrent stones with low pH that 

persists despite nutrition therapy [2,3]. It is essential to consider the 

patients overall health and the potential side effects of these 

medications when deciding on the appropriate pharmacological 

prevention [1]. 

2. Thiazide diuretics 

Thiazide diuretics are can be classified into two categories based on 

their molecular structure: thiazide-type diuretics and thiazide-like 

diuretics. Examples of thiazide-type diuretics include 

hydrochlorothiazide, chlorothiazide, and methyclothiazide. Thiazide-
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like diuretics such as indapamide, metolazone, and chlorthalidone 

[7,8]. Possess different molecular structures but share a similar 

mechanism of action. A meta-analysis of randomized controlled 

studies in patients with hypertension demonstrated that thiazide-like 

diuretics provide a 12% greater reduction in cardiovascular events 

and a 21% greater reduction in heart failure risk compared to 

thiazide-type diuretics, with comparable adverse event rates [7] . 

2.1 Mechanism of action 

Thiazide diuretics exert their diuretic effect via blockage of the 

sodium-chloride channel in the proximal segment of the distal 

convoluted tubule [7,8]. When the channel is blocked. Thiazide 

diuretics inhibit the sodium–chloride co-transporter in the distal 

convoluted tubule. This inhibition reduces sodium reabsorption, 

leading to increased sodium and water excretion in the urine. As a 

result, urinary calcium excretion is reduced, which contributes to the 

prevention of calcium stone formation. The activation method for 

thiazide diuretics can causes the changes in sodium concentration 

distal to the DCT. This secondary change to balance sodium levels 

can produce many side effects. The blockage of the sodium channel 

can cause the increases in sodium and water retention in the lumen 

and it will decrease the in sodium in the DCT. At the same time 

blockage of the sodium channel can causes to increase the flow of 

ions through the sodium channel. This increases the sodium level 

causes the aldosterone-sensitive sodium or sodium pump to increase 

the sodium re absorption in the cells of the kidney. This loss the K+ 

transfer into the collecting as tubules[7]. This loss the k+ pump, which 

is aldosterone mediated. The results in increased reabsorption of 

sodium and excretion of both K+ and H+ Ions [8]. 



Dr. A. Ramya, Mrs. R. Prasidha, Dr. Vijayakumar Murugesan, Dr. Kommu Pradeep 

Page | 30   

2.2 Potassium citrate 

The pharmacological prevention of potassium citrate involves the use 

of potassium citrate to manage the conditions leading to formation of 

kidney stone [2]. It is used to treat the renal tubular acidosis, 

hypocitraturic calcium oxalate nephrolithiasis, and uric acid lithiasis 

[2,3]. Potassium citrate works by increasing the urinary citrate level 

and pH, making the urine less susceptible to the formation of kidney 

stones. It is particularly effective in preventing calcium phosphate 

stones and uric acid stones [1,3]. Management of struvite stones 

should be avoided and they have some infections-related to the 

kidney [2]. They have some alternative for potassium citrate is sodium 

bicarbonate or poorly tolerated. The urine sodium will be increases 

and calcium is essential and the urine can increase the risk of 

calcium phosphate stones [1]. Studies have shown that potassium 

citrate therapy may reduce stone recurrence by up to 75% [1]. 

3. Dosage and Administration 

The dosage of Potassium citrate can vary based on the condition being 

treated: 

Adults: The dosages range from 10 to 30 mEq it will be taken orally 

and it is divided into two or three doses per day. For better absorption 

it is administered with meals [7]. 

Pediatrics: For children, the dosage is can be calculated is based on 

the body weight, typically around 1 to 2 m Eq/kg/day, it will be 

divides into multiple doses [8]. 

3.1 Allopurinol Therapy 

Allopurinol, a xanthine oxidase inhibitor, is a urate-lowering 

medication [7]. 
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Allopurinol is FDA approved for the following indications: 

1. Gout 

2. Prevention of tumor lysis syndrome 

3. Prevention of recurrent calcium nephrolithiasis in patients with 

hyperuricosuria [3,7] 

Other non-FDA-approved indications include Lesch-Nyhan 

syndrome-associated hyperuricemia and recurrent uric acid 

nephrolithiasis prevention [7]. 

It is important to note that asymptomatic hyperuricemia is not an 

indication of allopurinol therapy [7] . 

3.2 Mechanism of action 

Allopurinol undergoes metabolism in the liver, where it transforms 

into its pharmacologically active metabolite, oxypurinol [7]. The half-

life of allopurinol is 1 to 2 hours, and oxypurinol is about 15 hours 

[7]. Both allopurinol and oxypurinol are renally excreted. Allopurinol 

and oxypurinol both inhibit xanthine oxidase, an enzyme in the 

purine catabolism pathway that converts hypoxanthine to xanthine 

to uric acid [7,8]. 

Prieto-Moure B. et al. conducted research on small intestine 

ischemia-reperfusion injury of Wistar rats and the role of allopurinol 

and dantrolene in preventing oxygen-free radical damage. The 

researchers found that the allopurinol and dantrolene combination 

provided antioxidant effects, which decreased the oxygen-free radical 

damage caused by the ischemia-reperfusion in the rat's small 

intestines. 

4. Conclusion     
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Pharmacological therapy remains a cornerstone in the prevention of 

recurrent nephrolithiasis, particularly in patients with identifiable 

metabolic abnormalities [1,3]. Thiazide diuretics, potassium citrate, 

and allopurinol are the most effective and evidence-based agents, 

each targeting specific risk factors such as hypercalciuria, 

hypocitraturia, and hyperuricosuria [1,2,3]. While other agents like 

magnesium supplements and acetohydroxamic acid have limited or 

specialized applications, their role underscores the importance of 

individualized treatment. Clinical evidence consistently demonstrates 

that pharmacological intervention, when combined with lifestyle 

measures such as adequate hydration, sodium restriction, and 

moderated protein intake, can reduce recurrence rates by up to 60% 

[1]. Long-term success depends not only on the appropriate selection 

of therapy but also on patient adherence and careful monitoring for 

adverse effects. Ultimately, a tailored, multifaceted approach that 

integrates pharmacological treatment with dietary and behavioral 

strategies offers the most effective means of reducing stone 

recurrence and improving patient outcomes [2,3]. 
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Abstract 

Alzheimer's disease (AD) is a progressive neurodegenerative condition 

marked by progressive loss of neuronal function, memory 

impairment, and cognitive decline. Due to the aging population, it is 

the most prevalent cause of dementia globally and a significant public 

health concern. Alzheimer's disease is characterized by intracellular 

neurofibrillary tangles made of hyperphosphorylated tau protein, 

extracellular amyloid-beta plaque deposition, and persistent 

neuroinflammation. The brain's gradual neuronal degeneration and 

disruption of synaptic transmission are caused by these pathological 

alterations [1][3].The blood–brain barrier (BBB), a highly selective 

biological barrier that shields the brain from dangerous substances 

flowing in the bloodstream, is one of the main obstacles to treating 

Alzheimer's disease. The BBB restricts the delivery of therapeutic 

medicines to the central nervous system even though it is essential 

for preserving brain homeostasis. Poor therapy outcomes for 
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neurological illnesses are caused by many conventional medications' 

inability to effectively pass the blood-brain barrier [3][4].Recent 

developments in nanotechnology have presented medication delivery 

methods based on nanoparticles as viable ways to get around these 

limitations. Drug stability, bioavailability, and targeted delivery to 

certain brain regions impacted by neurodegeneration can all be 

improved by nanoparticles. The potential of a variety of nanocarriers, 

including lipid nanoparticles, polymeric nanoparticles, dendrimers, 

and inorganic nanoparticles, to carry therapeutic drugs across the 

blood-brain barrier via processes such receptor-mediated and 

adsorptive-mediated transcytosis has been studied [2][5][6].The 

pathophysiology of Alzheimer's disease, difficulties in delivering 

medications to the brain, and new advancements in therapeutic 

approaches based on nanoparticles are all covered in this chapter. 

Keywords: Alzheimer’s disease, Blood–Brain Barrier (BBB),  

Nanoparticle-based drug delivery, Brain targeting, Neurodegenerative 

diseases. 

1. Introcution 

The majority of dementia cases globally are caused by Alzheimer's 

disease, the most common neurodegenerative illness. Progressive 

decline in cognitive abilities, such as memory, reasoning capacity, 

and language proficiency, is a hallmark of the illness. Patients' 

everyday functioning and quality of life are severely hampered by 

severe behavioral and psychiatric symptoms as the illness 

progresses. Alzheimer's disease is becoming more common, which 

puts a heavy strain on healthcare systems and highlights the need 

for efficient therapeutic measures [3][5]. Alzheimer's disease is caused 

by a number of interrelated biological processes. Extracellular 
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plaques that obstruct neuronal communication are created when 

amyloid-beta peptides build up in the brain. Furthermore, aberrant 

tau protein phosphorylation causes neurofibrillary tangles to form 

inside neurones, impairing intracellular transport and accelerating 

neuronal deterioration. Oxidative stress, mitochondrial malfunction, 

and persistent neuroinflammatory reactions accompany these 

pathogenic alterations and hasten neuronal destruction [1][3] . 

2. Blood-brain barrier and drug delivery challenges 

The exchange of chemicals between the bloodstream and the central 

nervous system is controlled by the blood–brain barrier, a 

sophisticated and highly specialised biological system. Large or 

hydrophilic molecules cannot passively diffuse into the brain because 

it is made up of closely spaced endothelial cells that create 

continuous tight connections. The endothelial cells are surrounded 

by astrocytes and pericytes, which offer extra structural and 

functional support to preserve the integrity of the blood-brain barrier 

[3][4]. The BBB poses a serious obstacle to medication delivery even if 

it shields the brain from poisons and infections. Many therapeutic 

treatments are unable to successfully cross the blood-brain barrier, 

especially big macromolecules and hydrophilic chemicals. Because of 

this, only a tiny portion of medications are able to reach the brain, 

which reduces their therapeutic efficacy for treating neurological 

conditions like Alzheimer's disease [3][7]. The BBB has a number of 

efflux transporters, such as P-glycoprotein and multidrug resistance 

proteins, in addition to tight junctions. These transporters actively 

remove foreign substances from endothelial cells and return them to 

the bloodstream. Drug buildup in brain tissues is further restricted 

by these processes. Research in the creation of sophisticated 

medication delivery methods is now primarily focused on overcoming 
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these obstacles [4][6]. Drug delivery systems based on nanoparticles 

have shown promise as a means of circumventing or taking 

advantage of BBB transport processes. Nanoparticles can interact 

with cellular transport channels and help deliver therapeutic drugs 

into the brain because of their small size and adaptable surface 

characteristics [2][6]. 

3. Nanopartical-based drug delivery systems  

By making it possible to create nanoscale carriers that can carry 

therapeutic drugs to precise target locations, nanotechnology has 

completely transformed the field of medication delivery. Usually 

ranging in size from 1 to 100 nanometres, nanoparticles have special 

physicochemical characteristics that enable them to effectively 

interact with biological systems. When compared to traditional drug 

delivery methods, these systems have a number of benefits, including 

as increased solubility, regulated drug release, and improved drug 

stability [2][6]. Protecting medications from enzymatic degradation and 

early removal from the body is one of the main benefits of drug 

delivery systems based on nanoparticles. When medications are 

encapsulated in nanoparticles, their bioavailability and circulation 

time both increase. Moreover, nanoparticles can be designed with 

surface alterations that enable them to identify and attach to 

particular BBB receptors, enabling tailored transit into brain regions 

[1][5]. Dendrimers, inorganic nanocarriers, polymeric nanoparticles, 

and lipid-based nanoparticles have all been studied as potential 

treatments for Alzheimer's disease. By delivering therapeutic drugs 

specifically to damaged brain areas, these nanosystems can increase 

treatment efficacy while reducing systemic negative effects [5,6]  
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4. Types of nanoparticles used for brain drug delivery 

The potential of several nanoparticle forms to enhance drug transport 

across the blood-brain barrier in the treatment of Alzheimer's disease 

has been studied. Due to their great biocompatibility and capacity to 

incorporate both hydrophilic and hydrophobic medications, lipid-

based nanoparticles are the most extensively researched of them. 

Because their lipid structure is similar to biological membranes, 

liposomes and solid lipid nanoparticles are very helpful in facilitating 

drug transport into brain regions and improving their interaction with 

cellular membranes. Lipid nanoparticles can also enhance the 

pharmacokinetic characteristics of medicinal compounds and shield 

them from enzymatic breakdown [5]. Another significant class of 

nanocarriers for targeted brain medication delivery is polymeric 

nanoparticles. Biodegradable polymers including chitosan, 

polyethylene glycol, and polylactic-co-glycolic acid (PLGA) are 

frequently used to create these nanoparticles. Because polymeric 

nanoparticles offer sustained and regulated drug release, therapeutic 

medicines can be active in the body for extended periods of time.  

Moreover, ligands or antibodies that selectively attach to blood-brain 

barrier receptors can be added to their surfaces to improve targeted 

delivery to impacted brain regions [1][5]. Apart from lipid and polymeric 

nanoparticles, other nanosystems have also been investigated, 

including dendrimers, gold nanoparticles, and silica-based 

nanoparticles. Drug attachment and targeting can be facilitated by 

the highly branching structure of dendrimers, which have several 

functional groups. Due to their distinct optical and physicochemical 

characteristics, metallic nanoparticles—especially gold 

nanoparticles—are beneficial for both drug administration and 

diagnostic imaging applications. In neurodegenerative illnesses, 
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these various nanoparticle systems present intriguing methods for 

enhancing therapeutic delivery to the brain[5][6] . 

5. Mechanisms of nanopartical transport across the BBB 

Several biological transport pathways allow nanoparticles to get 

through the blood-brain barrier. Receptor-mediated transcytosis is 

one of the key processes. This method involves functionalising 

nanoparticles with ligands that attach to particular receptors on the 

blood–brain barrier's endothelial cells. These receptors include low-

density lipoprotein receptors, insulin receptors, and transferrin 

receptors. Following its binding to these receptors, the nanoparticle 

is taken up by the endothelial cell and moved into brain tissues 

through the blood-brain barrier[6].    Adsorptive-mediated transcytosis 

is another significant mechanism that happens when negatively 

charged cell membranes and positively charged nanoparticles 

interact electrostatically. These interactions let nanoparticles pass 

through the barrier and are more likely to be absorbed by endothelial 

cells. This process can improve the penetration of nanoparticles into 

the brain, but it is less selective than receptor-mediated transport[6]. 

PEGylation, ligand conjugation, and antibody attachment are 

examples of surface modification methods that enhance 

nanoparticles' capacity to pass the blood-brain barrier. These 

changes improve the stability of nanoparticles, extend their stay in 

circulation, and improve their capacity to target damaged brain 

regions. Consequently, nanoparticle transport across the blood-brain 

barrier has emerged as a key tactic in the creation of sophisticated 

drug delivery systems for Alzheimer's [1][6] . 
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6. Recent advances in nanopartical brain delivery 

Advanced nanoparticle systems specifically intended for the targeted 

treatment of neurodegenerative illnesses have been developed as a 

result of recent nanomedicine research. Researchers have created 

multipurpose nanoparticles that can transport therapeutic 

medications straight to the brain's diseased areas. Targeting ligand-

containing surface-modified nanoparticles can attach to brain 

endothelial cell receptors selectively, enabling them to concentrate in 

Alzheimer's disease-affected brain regions [4][6]. The creation of 

nanoparticles that can target amyloid-beta plaques, a significant 

pathogenic aspect of Alzheimer's disease, is another encouraging 

breakthrough. Drugs can now be administered straight to the sites of 

pathology thanks to specific nanoparticle formulations that have 

been designed to identify and attach to these plaques. This focused 

strategy could halt the development of neurodegeneration and lessen 

plaque buildup [4][7]. Nanoparticles are being investigated for 

diagnostic applications in addition to therapeutic delivery. Certain 

nanoparticles can be employed as imaging agents to identify early 

pathological alterations in the brain, facilitating an earlier diagnosis 

and better treatment of the illness. Theranostics, the term for these 

integrated therapeutic and diagnostic applications, is a new field of 

study in the management of neurodegenerative diseases [6] . 

7. Future perspectives 

Before nanoparticle-based drug delivery systems can be widely used 

in clinical practice, a number of issues need to be resolved, despite 

the fact that they have shown encouraging outcomes in experimental 

investigations. The long-term safety and possible toxicity of 

nanoparticles are two of the main issues. Over time, some 
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nanomaterials may build up in tissues, potentially having negative 

biological effects. Therefore, prior to clinical application, a thorough 

assessment of the biocompatibility and toxicity of nanoparticles is 

required [1][6]. The standardisation and large-scale manufacturing of 

nanoparticle compositions present another difficulty. Strict quality 

control procedures and cutting-edge technology are needed to 

produce nanoparticles with uniform stability, drug loading capacity, 

and size. Furthermore, the clearance process for innovative 

treatments may be delayed due to the ongoing evolution of regulatory 

requirements for nanomedicine products [6]. Future studies should 

concentrate on creating safer nanomaterials, enhancing targeting 

effectiveness, and carrying out clinical trials to assess the efficacy of 

medicines based on nanoparticles in human patients. It is anticipated 

that developments in biotechnology, materials science, and 

nanomedicine will aid in the creation of next-generation drug delivery 

methods that can overcome the present constraints in the treatment 

of Alzheimer's disease [6][7] . 

8. Conclusion 

Alzheimer's disease is still one of the most difficult neurodegenerative 

conditions because of its complicated aetiology and few available 

treatments. The blood-brain barrier, which limits the transport of 

many therapeutic drugs to brain tissues, is one of the main 

challenges in creating effective medicines. The therapeutic efficacy of 

conventional drug delivery methods is typically diminished by their 

inability to attain sufficient drug concentrations in the brain [1][3]. 

Drug delivery systems based on nanoparticles offer a potential 

answer to this problem. Nanoparticles have the potential to greatly 

enhance Alzheimer's disease treatment outcomes by increasing 
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medication stability, boosting bioavailability, and facilitating targeted 

administration across the blood–brain barrier. Numerous 

nanocarriers, such as dendrimers, polymeric nanoparticles, and lipid 

nanoparticles, have shown the capacity to deliver therapeutic 

medicines into brain regions via a variety of transport modes[5][6]. The 

design and performance of nanoparticle systems have been further 

enhanced by recent developments in nanomedicine, allowing for 

tailored distribution to diseased areas inside the brain. Nanoparticle-

based therapeutics are a promising approach for the future treatment 

of Alzheimer's disease and other neurodegenerative illnesses, but 

more study is needed to address safety issues and regulatory 

obstacles [1][3][6]. 
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Abstract 

Cushing's syndrome can arise from pituitary ACTH, ectopically 

produced ACTH, an adrenal tumor, or medication. Cushing's disease, 

which refers to the condition caused by excess pituitary ACTH leading 

to adrenal gland enlargement, is a complex and challenging endocrine 

disorder. It should be considered in patients with unusual symptoms 

for their age, those displaying multiple and worsening features, and 

those with adrenal incidentalomas. It’s also a common issue in 

children who fail to grow in height percentiles while gaining weight. 

Endogenous Cushing's syndrome is more prevalent in women. About 

80% of cases result from an ACTH-dependent cause, with 80% of 

those being due to a pituitary adenoma (Cushing's disease) and the 

remaining 20% due to ectopic ACTH secretion. The other non-ACTH-

dependent causes of Cushing's syndrome stem from benign adrenal 

adenomas (60%) and carcinomas biochemically (40%). Given the 

specialized nature of the treatment, all cases need to be referred to a 

major medical center. The most distinctive clinical signs for 
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diagnosing endogenous Cushing's syndrome include thin skin, easy 

bruising, and muscle weakness. There should be a strong clinical 

suspicion before starting investigations. The diagnosis relies on a 

combination of dexamethasone suppression tests, loss of circadian 

rhythm, and urine tests for free cortisol. However, differentiating 

pituitary from non-pituitary sources of excess ACTH should ideally 

use mical tests. Treatment for endogenous Cushing's syndrome 

involves using drugs to reduce corticosteroid levels before surgery or 

in cases where tumors cannot be surgically removed. The preferred 

surgical approach for Cushing's disease is transsphenoidal surgery; 

in cases of recurrence or tumors that can't be reset, bilateral 

laparoscopic adrenalectomy can be considered.  

Keywords: Cushing's syndrome, Exogenous Cushing's syndrome, 

Endogenous Cushing's syndrome, Excess of glucocorticoids, ACTH. 

1. Introduction 

1.1 Definition 

Cushing syndrome is a chronic and systemic clinical condition on the 

prolonged action of an increase in plasma cortisol levels, ranging from 

2 to 8 million people annually. It is not due to a physiological etiology, 

but due to the most frequent cause of exogenous steroid usage [1]. It 

is also associated with hyperglycemia, protein catabolism, 

immunosuppression, hypertension, weight gain, neurocognitive 

changes, and mood disorders. Cushing's syndrome is an ongoing 

clinical challenge [1][2]. 

1.2 Historical context 

In 1912, Cushing’s syndrome was formally identified by the American 

neurosurgeon Dr. Harvey Cushing, and it was based on his patient 
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Minnie G [2][3]. Initially, it was described as a “polyglandular” 

disorder involving the pituitary basophilism. Later, it was understood 

to be the overproduction of ACTH-dependent [pituitary] or 

independent [adrenal] cortisol, with major advances in diagnosis and 

treatment emerging throughout the 20th century.[3] 

1.3 Epidemiology 

Cushing`s syndrome is identified as a rare, severe endocrine disorder 

with an annual disease record of 1.8-4.5 cases per million people. It 

primarily affects 30-50-year-old adults, with a 3:1 to 4:1 female 

predominance.[4] 

                        

2. Etiology and pathophysiology 

2.1. Exogenous Cushing’s syndrome 

Exogenous Cushing syndrome is a form of Cushing`s syndrome that 

occurs in people taking glucocorticoid (also called corticosteroid, or 

steroid) hormones. Exogenous Cushing syndrome occurs when a 

person takes man-made (synthetic) glucocorticoid medicines to treat 

a disease. These medicines act like cortisol in the body. Prednisone, 
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dexamethasone, and prednisolone are examples of this type of 

medicine.  

2.2. Endogenous Cushing`s syndrome 

A rare group of endocrine disorders caused by prolonged and high 

exposure levels to glucocorticoids of endogenous (adrenal cortex 

production) origin. Typical clinical features are truncal and facial 

obesity, hypercatabolic syndrome (thinned skin, purple striae, 

ecchymosis, bruising with no obvious trauma, proximal muscle 

weakness with amyotrophy, osteoporosis), and, in children, weight 

gain with decreasing growth velocity. 

2.3 Cushing`s disease 

Cushing’s disease is caused by a tumor or excess growth (hyperplasia) 

of the pituitary gland. The pituitary gland is located just below the 

base of the brain. A type of pituitary tumor called an adenoma is the 

most common cause. An adenoma is a benign tumor (not a cancer). 

With Cushing’s disease, the pituitary gland releases too much ACTH. 

ACTH stimulates the production and release of cortisol, a stress 

hormone. Too much ACTH causes the adrenal glands to make too 

much cortisol. 

3. Clinical Manifestations 

The syndrome presents with many characteristic physical 

characteristics, metabolic disturbances, neuro-psychiatric 

symptoms, and reproductive abnormalities. 

3.1 Physical features 

Patients with the syndrome usually exhibit central obesity with thin 

arms and legs, a round moon face, and a fat hump between the 

shoulders [buffalo hump]. Pink and purple striae are commonly seen 
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on the abdomen, thighs, breasts, and underarms. regions. The skin 

becomes thin, fragile, and bruises easily, with a slow wound-healing 

process. Other physical features include acne and hirsutism [excess 

facial and body hair in women], and temporal balding in females, also 

in males, who have symptoms like reduced fertility and erectile 

dysfunction 

3.2 Metabolic and cardiovascular effects 

Excess cortisol can lead to hypertension, glucose intolerance, and 

type 2 diabetes. Patients may also develop osteoporosis, muscle 

wasting, and weakness, particularly in the proximal muscles of the 

limbs. Renal calculi and increased susceptibility to infections are 

additional complications. 

3.3 Neuropsychiatric symptoms 

Cushing syndrome can cause depression, anxiety, irritability, and 

emotional instability. Cognitive effects include trouble concentrating, 

memory impairment, and Insomnia. Severe cases may present with 

psychosis or extreme fatigue. 

4. Diagnostic evaluation and algorithm 

Screening tests are essential for identifying underlying, treatable 

causes in patients such as young - onset hypertension (<30 – 40 

years) or secondary osteoporosis. 

4.1.⁠  ⁠ Initial screening/ algorithm 

{a} BP measurement 

It is done with the help of a 24-hour BP monitor, a device that is used 

to check your blood pressure automatically throughout the day and 

night. 
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{b} Initial labs 

Every patient goes through these tests to check their health condition. 

For kidney functioning, a urine test and a blood test were taken. For 

the salt level, to check minerals like potassium in your blood, blood 

sugar, and cholesterol tests were taken for diabetes and heart health, 

and finally, a thyroid test to check whether the thyroid gland is 

working properly. 

{c} Initial screening 

A bone density scan that checks the strength of the bones in the hip 

and spine, a blood test to check vitamin D and calcium levels in the 

blood, and hormone issues that might be weakening your bones. A 

24-hour urinary free cortisol (UFC) test is conducted to measure the 

total amount of active cortisol released into urine over 24 hours to 

diagnose Cushing syndrome and adrenal disorders. I mg overnight 

dexamethasone suppression test (DST), a common screening tool to 

determine if the body is producing excess cortisol, a condition known 

as Cushing’s syndrome. If a person takes synthetic steroids like 

dexamethasone, the pituitary gland stops releasing ACTH hormone, 

which in turn, the adrenal glands stop making cortisol. 

5. Treatment and management 

Management of Hypercortisolism Syndrome is primarily managed 

along the lines of Cushing’s disease. The goal of management is to 

reduce plasma cortisol to normal to minimize the potential for 

complications from hypercortisolism, such as osteoporosis, 

hypertension, and type 2 diabetes. Endogenous hypercortisolism due 

to an ACTH-secreting tumor is treated with surgical removal of the 

tumor. The initial management for Cushing’s disease and for an 

adrenal cortical tumor is surgery. Specifically, the primary 
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management of Cushing’s disease is with transsphenoidal surgery, 

and of an adrenal cortical tumor is adrenalectomy. 

In the event of surgical failure (because of ectopic ACTH or metastatic 

adrenal carcinoma) and considering the frequency of drug failure, one 

can also try to control hypercortisolism medically in the context of 

Cushing syndrome. In the context of ACTH-dependent disease, 

adrenalectomy is a possible subsequent option. Pituitary radiation 

may also be an option in the case of recurrence of Cushing’s disease 

after initial successful surgery. 

In 2015, the Endocrine Society released the new guidelines for 

Cushing syndrome: 

Cushing syndrome treatment: The treatment of choice is surgical 

removal of the adenoma causing the syndrome, excluding situations 

where steroid levels are not expected to decrease or when surgery is 

contraindicated. Second-line treatment should be planned on a case-

by-case basis. 

Alternative first-line treatments include surgical resection of ectopic 

ACTH-secreting tumors; transsphenoidal selective adenectomy; 

blocking hormone receptors in cases of bilateral micronodular 

adrenal hyperplasia; and surgical removal in cases of bilateral adrenal 

tumors. 

5.1. Normalization of cortisol or glucocorticoid activity 

It also includes the normalization of comorbid conditions (such as 

blood pressure or blood sugar) by additional drugs (such as 

antihypertensive drugs). Lowering blood glucose or blood pressure in 

a state of hyperglycemia or hypertension induced by excess cortisol 

decreases insulin resistance, lipid metabolism abnormalities, and 

obesity. Although adrenalectomy is a definitive therapy for the great 
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majority of children and adults suffering from benign unilateral 

adrenal adenoma, the management of unilateral adrenal carcinomas 

remains a challenge because of a relatively poor overall prognosis. In 

this context, surgical removal of the carcinoma is recommended with 

possible adjunctive therapy with steroid inhibitors to control cortisol 

hyperproduction. 

6. Conclusion 

Cushing syndrome is a multi-system disease requiring a coordinated 

approach for prompt diagnosis and treatment to avert high mortality, 

improve quality of life, and solve problems. Endogenous Cushing’s 

syndrome is a common endocrine disorder caused by chronic 

glucocorticoid excess. This leads to multiple clinical features, 

secondary complications, and an increased mortality rate despite 

treatment. Many of the molecular features and genetic alterations 

underlying the various causes of Cushing’s syndrome have been 

uncovered over the last decade. The techniques of imaging and 

biochemical assessment have evolved. The management of Cushing’s 

syndrome is still, however, challenging. Surgery is the first line of 

treatment for all causes, but medical treatment is becoming 

increasingly effective with the emergence of new drugs for use in 

hypercortisolism. Other chronic sequelae and complications, 

however, remain and can still significantly impact the quality of life of 

patients who achieve clinical remission. Therefore, accurate and 

prompt diagnosis and treatment of Cushing’s syndrome are important 

to avert long-term effects of chronic glucocorticoid excess and improve 

patient survival and well-being. This chapter aims to review and 

update the management of endogenous Cushing’s syndrome of all 

aetiologies. 
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Abstract 

Background: Minimally invasive treatments of urolithiasis, including 

extracorporeal shock wave lithotripsy, ureteroscopy, and 

percutaneous nephrostolithotomy, have very high efficacy with high 

cost. The use of medical expulsive therapy (MET) offers a non-surgical 

and cost-effective alternative to the management of the rightly chosen 

patient with ureteral calculi. 

Objective: The purpose of the review is to summarize the modern 

literature related to MET, as well as providing clinicians with 

recommendations on the rational use of MET in the treatment of 

stone disease. 

Methods: A systematic review of clinical trials, meta-analyses, and 

AUA/EAU guidelines was conducted to evaluate the effectiveness and 

safety of medical expulsive therapies suggested, including, calcium 

channel blockers, corticosteroids, and adrenergic α -adrenoceptor 

antagonists. 
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Results: AUA/EAU guidelines have confirmed medical expulsive 

therapy (MET) as a valuable reatment alternative in the management 

of selected patients. The α-adrenoceptor antagonist and calcium 

channel blockers have been shown to have a higher success rate in 

stone-expulsion, with the former proving to be more effective than the 

latter. Specifically nifedipine and other alpha-antagonists of 

adrenergic nature have been confirmed as clinically effective, safe and 

well tolerated. Moreover, it has also been shown that MET also 

decreases the number of colic bouts, narcotic use, and 

hospitalization, thus decreasing the number of healthcare expenses 

and eliminating unnecessary surgical operations. 

Conclusion: MET is a very effective therapeutic modality in the right 

selected patient, especially the ones who present with distal ureteral 

calculi of about 1cm in diameter and is considered to have the option 

of being managed on observational basis. Even though there is a solid 

amount of supporting evidence, MET has not been applied clinically 

to the best of its abilities. The additional contribution of the alpha-

adrenergic antagonists and calcium channels blockers include the 

increased stone clearance rates and analgesic effects in the patients 

receiving alternative treatments, including shock wave lithotripsy and 

ureteroscopy. 

Keywords: Kidney; stones; urolithiasis, alpha blockers , calcium 

channel blockers. 

1. Introduction 

Urinary stone disease is a prevalent pathological condition that 

commonly presents with acute severe pain when calculi become 

lodged in the ureter, frequently necessitating emergency department 

evaluation.[12] The global prevalence of nephrolithiasis is estimated at 
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approximately 10%, with a significant lifetime recurrence rate, 

placing a substantial burden on healthcare systems worldwide.[1] 

The use of medical expulsive therapy (MET), which encompasses 

alpha-adrenergic antagonists, corticosteroids, and calcium channel 

blockers, has been extensively reported to facilitate spontaneous 

passage of ureteral calculi in patients who do not require urgent 

urologic intervention.[2,3] The American Urological Association (AUA) 

and the European Association of Urology (EAU) broadly recommend 

that patients diagnosed with ureteral stones less than 10 mm in 

diameter who do not require urgent care should receive 

pharmacologic therapy to facilitate stone passage.[4,5] 

An extensive multicenter trial evaluating tamsulosin versus 

nifedipine in subjects with ureteral stones of any location and size up 

to 10 mm has contributed important evidence to this clinical debate.[6] 

Two subsequent meta-analyses have further elucidated the role of 

MET in ureteral stone management; both identified compelling 

evidence that tamsulosin and other alpha-blockers are effective and 

should be prescribed to patients with stones measuring 5–10 mm.[7,8] 

Prior research estimated MET utilization rates between 1.1% and 14% 

among emergency physicians managing urolithiasis patients, 

suggesting a significant knowledge translation gap that adversely 

affects patient outcomes and healthcare costs.[10] These studies 

documenting MET underutilization are limited, however, in their 

capacity to measure the appropriateness of MET prescribing with 

respect to alpha-blocker selection. 

1.1 Objective 

Medical expulsive therapy represents an established, 

pharmacologically based, and cost-effective intervention for ureteral 
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calculi. Alpha-adrenergic antagonists and calcium channel blockers 

are the most efficacious pharmacologic agents for facilitating stone 

passage and constitute the primary treatment recommended by 

current AUA and EAU guidelines.[3,4] Nevertheless, MET is not 

uniformly applied across clinical settings, and evidence-based 

guidance on its correct implementation remains incompletely 

disseminated. 

This review aims to: 

● Establish the pharmacological and pathophysiological rationale 

for MET, including the mechanisms by which alpha-blockers 

and calcium channel blockers relax ureteral smooth muscle, 

modulate peristalsis, and reduce intraluminal pressure. 

● Systematically evaluate the clinical evidence supporting alpha-

adrenergic antagonists — including tamsulosin, silodosin, 

alfuzosin, terazosin, and doxazosin — as MET agents, with 

reference to landmark randomized controlled trials (RCTs), 

Cochrane reviews, and contemporary meta-analyses. 

● Evaluate clinical evidence for calcium channel blockers, 

primarily nifedipine, as an alternative or adjunctive MET 

strategy, including mechanistic rationale, RCT data, and 

current limitations. 

● Synthesize high-quality evidence and guideline consensus to 

support clinical decision-making regarding MET 

pharmacological interventions. 

2. Methods 

To determine the effectiveness and safety of MET in ureteral stones, 

a systematic review of clinical trials, meta-analyses, and guidelines 
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published by the AUA and EAU was performed.[3,4] The review 

concentrated particularly on calcium channel blockers, 

corticosteroids, and adrenergic α-adrenoceptor antagonists, their 

mechanisms of facilitating stone passage, and their safety profiles. 

Electronic databases searched included PubMed/MEDLINE, 

Embase, and the Cochrane Library, using the terms: urolithiasis, 

ureteral calculi, medical expulsive therapy, tamsulosin, alpha-

blocker, nifedipine, calcium channel blocker, corticosteroid, stone 

expulsion, and spontaneous passage. 

Inclusion criteria encompassed RCTs, prospective cohort studies, and 

systematic reviews/meta-analyses published between 2000 and 

2024, reporting on stone expulsion rates, time to passage, analgesic 

requirements, surgical intervention rates, and adverse effects. 

Studies were assessed for quality using the Cochrane Risk of Bias 

tool for RCTs and the AMSTAR-2 checklist for meta-analyses. 

Treatment of ureteral stones has been transformed by the recognition 

that most stones — particularly those in the distal ureter measuring 

less than 10 mm — may pass spontaneously.[9] MET has therefore 

emerged as a conservative first-line strategy aimed at facilitating 

stone passage with minimal procedural intervention. The primary 

mechanism of pharmacologic agents employed in MET is relaxation 

of ureteral smooth muscle, reduction of spasms, and enhancement of 

peristaltic coordination, collectively increasing the probability of 

spontaneous stone expulsion.[13] 

3. Pharmacology Of Medical Expulsive Therapy 

3.1 Alpha-Adrenergic Receptor Antagonists 

The most extensively studied pharmacologic agents in MET are the α-

adrenergic receptor antagonists, owing to their specific effect on 
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ureteral smooth muscle.[7] α1-Adrenergic receptors — particularly the 

α1A and α1D subtypes — are highly concentrated in the distal ureter 

and play a central role in regulating ureteral contractility.[13] Agents 

including tamsulosin, silodosin, alfuzosin, and doxazosin have been 

evaluated across numerous RCTs. These drugs reduce ureteral tone 

and peristaltic frequency while decreasing intraluminal pressure, 

collectively facilitating stone passage.[14] 

Multiple meta-analyses have demonstrated that α-blockers 

significantly increase stone expulsion rates and shorten time to 

passage, with the most pronounced benefit observed for distal 

ureteral stones greater than 5 mm in diameter.[7,8] Tamsulosin (0.4 

mg daily) remains the most widely studied and most commonly 

prescribed agent in this class, demonstrating consistent efficacy 

across heterogeneous patient populations.[6] 

3.2 Calcium Channel Blockers 

Calcium channel blockers represent a secondary pharmacologic class 

considered in MET. These drugs attenuate calcium influx into smooth 

muscle cells by blocking L-type calcium channels, thereby inhibiting 

ureteral smooth muscle contraction.[15] Nifedipine has been the most 

extensively studied agent in this category. Although early trials 

demonstrated promising results, subsequent comparative studies 

and systematic reviews indicate that calcium channel blockers are 

modestly less effective than α-adrenergic antagonists and have been 

progressively de-emphasized in current clinical practice.[5,8] 

3.3 Corticosteroids 

Corticosteroids have been investigated as adjunctive agents in MET 

based on their anti-inflammatory properties. Ureteral obstruction by 

a calculus induces mucosal edema and local inflammation that may 
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impede spontaneous passage.[16] Short courses of prednisolone, 

administered in combination with alpha-blockers, have been 

evaluated for their capacity to reduce ureteral edema and potentially 

enhance pharmacologic efficacy. While some studies report improved 

expulsion rates with combination therapy, the adverse-effect profile 

of systemic corticosteroids does not support their routine use.[16] 

4. Results 

4.1 Stone Expulsion Rates and Clinical Outcomes 

AUA and EAU guidelines confirm MET as a valuable treatment 

alternative for appropriately selected patients.[3,4] Both alpha-

adrenoceptor blockers and calcium channel blockers have 

demonstrated superiority over placebo in facilitating stone passage, 

with alpha-blockers consistently outperforming calcium channel 

blockers.[7,8] Nifedipine and alpha-adrenergic antagonists have been 

confirmed as clinically effective, safe, and well tolerated across 

diverse patient populations.[6] 

The effectiveness of MET is significantly influenced by stone size and 

anatomical location. Pharmacologic therapy produces the most 

favorable outcomes in distal ureteral stones, with proximal stones 

substantially less likely to pass spontaneously regardless of 

treatment.[9] MET demonstrates the greatest benefit for stones 

measuring 5–10 mm; smaller stones generally pass without 

pharmacologic assistance.[3] 

Meta-analyses pooling data from multiple RCTs have reported stone 

expulsion rates of approximately 70–87% for alpha-blocker therapy 

versus 47–65% for placebo, representing a relative risk reduction in 

surgical intervention of approximately 40–57%.[7,8] Time to stone 
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expulsion is reduced by a mean of 3–6 days with alpha-blocker 

therapy compared to controls.[8] 

4.2 Reduction in Colic, Analgesic Use, and Healthcare Utilization 

In addition to improving expulsion rates, MET has been shown to 

significantly decrease the frequency and severity of renal colic 

episodes, reduce narcotic analgesic requirements, and decrease rates 

of hospitalization.[8] These effects collectively contribute to meaningful 

reductions in healthcare expenditure and avoidance of unnecessary 

surgical procedures.[2] 

4.3 Adjunctive Role with Procedural Interventions 

Alpha-adrenergic antagonists and calcium channel blockers may 

provide incremental benefit when used adjunctively in patients 

undergoing procedural interventions. Evidence suggests that MET 

administered following ESWL and ureteroscopy facilitates clearance 

of residual stone fragments, reduces post-procedural pain, and 

improves overall patient satisfaction.[11] 

4.4 Safety and Tolerability 

The safety profile of pharmacologic MET agents is generally favorable. 

Alpha-blockers are associated with dizziness, orthostatic 

hypotension, nasal congestion, and retrograde ejaculation; however, 

these adverse effects are typically mild and transient.[7] Calcium 

channel blockers may produce hypotension, headache, and 

peripheral edema, whereas corticosteroids carry metabolic and 

immunosuppressive risks when used over extended periods.[16] The 

favorable tolerability profile of alpha-blockers has solidified their 

status as the preferred first-line MET pharmacologic class. 
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5. Conclusion 

Medical expulsive therapy represents a highly effective, non-invasive 

treatment modality for appropriately selected patients with ureteral 

calculi—specifically those presenting with distal stones of 

approximately 10 mm or less who are suitable candidates for 

conservative observational management.[3,9] By relaxing ureteral 

smooth muscle, reducing spasms, and reducing intraluminal 

pressure, MET facilitates natural stone passage while maintaining 

patient comfort and avoiding procedural intervention.[13] 

Alpha-adrenergic antagonists—particularly tamsulosin and 

silodosin—remain the pharmacologic cornerstone of MET, acting 

through inhibition of α1-adrenergic receptors in the distal ureter to 

reduce tone, peristaltic frequency, and intraluminal pressure.[7,14] 

Numerous RCTs and meta-analyses confirm that these agents 

substantially increase spontaneous expulsion rates, particularly for 

stones measuring 5–10 mm.[8] 

Calcium channel blockers such as nifedipine offer an alternative 

mechanism via inhibition of L-type calcium channels in ureteral 

smooth muscle.[15] Early trials yielded promising results; however, the 

weight of current evidence positions them as second-line agents 

behind alpha-adrenergic antagonists in contemporary MET 

protocols.[5]  

Despite robust evidence supporting MET, implementation in clinical 

practice remains suboptimal due to variability in physician 

awareness, inconsistent practice patterns, and conflicting results 

from large-scale trials.[10] Current AUA and EAU guidelines continue 

to support alpha-blocker use in appropriately selected patients with 

distal ureteral calculi, providing a clear evidence-based framework for 
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clinical decision-making.[3,4] Beyond standalone conservative 

management, alpha-blockers and calcium channel blockers provide 

adjunctive benefits in patients undergoing ESWL or ureteroscopy — 

facilitating fragment clearance, reducing post-procedural pain, and 

improving patient-reported outcomes.[11] Additionally, MET reduces 

analgesic requirements and symptomatic burden during the 

observation period, enhancing quality of life for patients awaiting 

spontaneous stone passage.[8] 

In conclusion, MET represents a well-evidenced, cost-effective, first-

line strategy for distal ureteral calculi amenable to conservative 

management. Adherence to evidence-based patient selection criteria 

and guideline-concordant prescribing practices will optimize stone 

passage outcomes, reduce patient morbidity, and decrease the rates 

of surgical intervention. Continued investigation into refined patient 

selection, optimal dosing, and combination regimens will further 

strengthen MET's role in contemporary urological practice. 
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Abstract 

Influenza is a highly contagious viral respiratory disease caused 

mainly by influenza A and B viruses, which undergo frequent 

antigenic changes leading to seasonal epidemics and occasional 

pandemics. It spreads through respiratory droplets and presents with 

symptoms such as fever, cough, myalgia and respiratory 

complications, particularly in high-risk groups like children and the 

elderly. Vaccination remains the most effective prevention measure, 

while antiviral drugs such as Neuraminidase inhibitors are used for 

treatment and prophylaxis. However, high mutation rates and 

antiviral resistance continue to challenge control efforts. Recent 

advances in Neuraminidase-based vaccine strategies offer promising 

prospects for broader and longer-lasting protection against diverse 

influenza strains.       

Keywords: Influenza, Hemagglutinin, Neuraminidase, Oseltamivir, 

Zanamivir.  
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1. Introduction 

Influenza is a communicable viral disease that affects the upper 

respiratory tract, including upper and lower respiratory passages. A 

wide spectrum of influenza viruses causes it. Some of these viruses 

can infect humans, and some are specific to different species [1]. It 

often occurs in outbreaks and epidemics worldwide, mainly during 

the winter season. Significant numbers of influenza virus particles 

are present in the respiratory secretions of infected persons, so 

infection can be transmitted by sneezing and coughing via large 

particle droplets [2]. Influenza virus infects about 10 million persons 

worldwide each year.  Influenza virus is characterized by a great 

antigenic variability. Major modifications, called antigenic shifts or 

type changes, occur approximately three times per century and result 

in worldwide epidemics--pandemics. Minor modifications, called 

antigenic drifts or strain changes demand new vaccine compositions 

each year [3]. 

1.1 Etiology 

There are four types of influenza viruses, A, B, C, and D. Influenza 

types A and B cause human infection annually during the epidemic 

season. Influenza A has several subtypes according to the 

combination of hemagglutinin (H) and the neuraminidase (N) proteins 

that are expressed on the surface of the viruses.  

Digitally colorized transmission electron microscopic view of H1N1 

influenza virus particles. There are 18 different hemagglutinin 

subtypes and 11 different neuraminidase subtypes (H1-18 and N1-

11). Influenza A viruses can be characterized by the H and N types 

such as H1N1 and H3N2 (Figure:1. Electron Microscopic View of 

H1N1 Influenza Virus Particles). Influenza B viruses are 
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classified into lineages and strains. Influenza B viruses that have 

circulated in recent influenza seasons belong to one of two lineages, 

influenza B Yamagata and influenza B Victoria. Influenza viruses 

have receptors responsible for making them species-specific [4] 

 

Figure 1: Electron Microscopic View of H1N1 Influenza Virus 

Particles 

1.2 History 

Influenza is a seasonal flu. It is found in the early stage of 412 BC, in 

the 17th Century it spread wide and got attention from both scientific 

and lay publications.  In the 1889 Russian influenza pandemic, 

Haemophilus influenza was mistakenly identified as the cause of 

influenza. Modern science is used to study influenza. In 1933 British 

physiologist Walter Morley Fletcher isolated influenza as caused by 

flu.  This virus was not identified until the 20th Century [5]. since 

1997, avian influenza(H5N1) viruses have caused unprecedented 

widespread poultry outbreaks with high mortality in number of 

Asian, European, middle eastern and African countries; have infected 

other animals; have caused sporadic, severe and fatal human 

infections [6]. The most severe outbreak known, the 1918 to 1919 

influenza A pandemic, was responsible for an estimated 20 million 

deaths globally. In the United States, the influenza pandemics of 
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1957 and 1968 were associated with an attack rate of up to 50% and 

an estimated 100,000 deaths. Interpandemic influenza is responsible 

for considerable morbidity and mortality, which exceed that 

associated with the introduction of the pandemic strain. Influenza B 

infections resemble those due to influenza A, but are associated with 

fewer deaths [7].    

2. Novel strategies for prevention and treatment of influenza 

Influenza viruses continue to be a major health challenge due to 

antigenic variation in envelope proteins and animal reservoirs for the 

viruses. Vaccination is currently the most effective means of reducing 

morbidity and mortality during influenza epidemics. In addition, 

neuraminidase inhibitors have substantially improved antiviral 

therapy for influenza. However, influenza infection in children and 

the elderly remain problematic. Furthermore, major innovations in 

prevention and therapy will be needed to deal with an influenza 

pandemic. Some adverse sequelae of influenza appear to relate to 

impairment or pathogenic activation of immune responses. Exciting 

recent findings in this area, with relevance to influenza treatment, are 

reviewed [8]. 

2.1 Pandemics 

Influenza A pandemics have been responsible for millions of deaths 

during the past several hundred years. In terms of virulence and 

lethality, the 1918 to 1919 influenza pandemic was the worst in 

history. It was unique in its predilection and lethality among young 

healthy adults. There has never been a satisfactory explanation for 

the unusual virulence of the 1918 to 1919 pandemic [9]. Influenza 

pandemics in this century (1946-1947, 1957 and 1968) have 

fascinated some people for the idea of 11-year pattern pandemic 
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cycles. In solar physics, it is well known that sunspot cycles also have 

regular periods of around 11 years. This study therefore aims to 

investigate the association between sunspot cycles and the 

occurrences of pandemic influenza. The hypothesis here states that 

sunspot numbers can detect pandemic influenza A between 1700 and 

2000 A.D[10].  

2.2 Developing Treatment 

Treatment of influenza by antiviral drugs can be prophylactic and 

therapeutic. Amantadine and rimantadine are older drugs effective in 

cases caused by virus type A. The newest generation of influenza 

antiviral agents are neuraminidase inhibitors--zanamivir and 

oseltamivir, effective against both virus types. The symptomatic 

therapy is still a basis of influenza treatment [11]. Antiviral medications 

can be used to treat or prevent influenza infection, especially during 

outbreaks in healthcare settings such as hospitals and residential 

institutions. Oseltamivir, zanamivir, and peramivir belong to the 

neuraminidase inhibitors family and can be used for the treatment of 

influenza A and B. The adamantanes antiviral family has two 

medications, amantadine, and rimantadine. Amantadine and 

rimantadine are effective against influenza A, but not influenza B. 

Oseltamivir can be used for chemoprophylaxis for individuals one 

year and older in cases of outbreaks and exposure in high-risk groups 

[12]. 

2.3 Differential Diagnosis 

● Acute Respiratory Distress Syndrome  

● Adenovirus 

● Arenaviruses 

● Cytomegalovirus 
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● Dengue 

● Echovirus infection 

● Hantavirus pulmonary syndrome 

● Human immunodeficiency virus infections 

● Legionnaire disease 

● Human parainfluenza virus [13] 

3. Clinical features 

Clinical symptoms such as fever, cough, gastrointestinal symptoms, 

coma and epilepsy were higher in the severe group. Complications 

such as pneumorrhagia, heart failure, septic shock, acute renal 

failure and influenza-associated encephalitis were higher in the 

severe influenza group than the death group. The laboratory findings 

including decreased hemoglobin, high alanine aminotransferase, 

high urea nitrogen and high lactate levels were risk factors for death 

in children with influenza [14].   Features of influenza include 

headache, myalgia, malaise, anorexia, sore throat, nonproductive 

cough, sneezing, and nasal discharge; these symptoms are not 

pathognomic for influenza, and asymptomatic infection can occur. 

The pulmonary complications of influenza include pneumonia (viral 

and bacterial), croup, asthma, and bronchitis. Myocarditis and 

pericarditis are occasional cardiac complications. Influenza has also 

been associated with the toxic shock syndrome, myositis, 

myoglobinuria, and renal failure. In view of its enormous human and 

economic toll, influenza remains a major target for improved vaccines 

and vaccine delivery, and antiviral treatment and prophylaxis [15].  

3.1 Influenza vaccine 

The Influenza virus A, B and C causes disease in humans, birds and 

animals.  The Influenza type A causes moderate to severe illness in 

https://www.srrbooks.in/


Innovations in Pharmaceutical Therapeutics and Drug Delivery (2026) 

  
 
 

Page | 71  

all age groups in humans while the illness caused by type B is of 

milder and it is primarily affecting children. Among many subtypes of 

influenza A viruses, currently influenza A(H1N1) and A(H3N2) 

subtypes are circulating among humans.  Influenza is a serious 

public health problem that causes severe illnesses and deaths for 

higher risk populations. The current human pandemic A/H1N1 is an 

example of antigenic shift. It slowly established circulation globally; 

subsequently endemic/seasonal viruses in both hemi-spheres are 

H3N2 and H1N1. The most effective way to prevent the disease or 

severe outcomes from the illness is vaccination. The Trivalent 

Inactivated vaccines (TIV) are of three types: whole virus, split-

product, subunit surface-antigen formulations and they are grown in 

embryonated hen's eggs. Whole-virus vaccines, because of adverse 

reactions, especially in children, are not currently used. Most 

influenza vaccines are split-product vaccines, produced from 

detergent treated, highly purified influenza virus, or surface-antigen 

vaccines containing purified hemagglutinin and neuraminidase [16].  

4. Antiviral resistance in influenza viruses 

Achieving adequate vaccination rates is challenging and vaccination 

does not always guarantee complete protection. antiviral drugs 

represent an important measure to reduce the risk of complications 

in high-risk patients. influenza viruses have a high mutation rate 

which causes genetic, biochemical, and pathogenic changes that 

represent a challenge both for the constant replacement of vaccines 

and reduce their susceptibility to antiviral action. This makes it 

necessary to determine the mechanisms of these processes, as well 

as their epidemiological surveillance and, of course, the development 
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of new therapeutic options that may be available in the event of a 

widespread resistance phenomenon [17]. 

4.1 Universal Influenza Virus Neuraminidase Vaccine Elicits 

Protective Immune Responses against Human Seasonal and Pre-

pandemic Strains 

 

The hemagglutinin (HA) surface protein is the primary immune target 

for most influenza vaccines. The neuraminidase (NA) surface protein 

is often a secondary target for vaccine designs. computationally 

optimized broadly reactive antigen (COBRA) methodology was used to 

generate the N1-I NA vaccine antigen that was designed to cross-react 

with avian, swine, and human influenza viruses of the N1 NA 

subtype. The elicited antibodies bound to NA proteins derived from 

A/California/07/2009 (H1N1) pdm09, A/Brisbane/59/2007 (H1N1), 

A/Swine/North Carolina/154074/2015 (H1N1), and A/Viet 

Nam/1203/2004 (H5N1) influenza viruses, with NA-neutralizing 

activity against a broad panel of HXN1 influenza strains.  The 
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influenza virus NA vaccine antigen allows for protection from multiple 

HA subtypes and virus host origins, but it has not been the focus of 

vaccine development. The use of the NA antigen in combination with 

the HA antigen widens the breadth of protection against various virus 

strains. Therefore, this research opens the door to the development 

of a longer-lasting vaccine with increased protective breadth [18]. 

Figure 2: A/California/07/2009 (H1N1) pdm09 challenge results 

after vaccination with NA antigens. (A and B) Survival (A) and weight 

loss (B) curves of mice postinfection are shown. (C) The day 5 peak 

weight loss of the CA/09-vaccinated mice was significantly different 

than the mock vaccinated. The variation of the CA/09 NA-vaccinated 

group was greater than the N1-I-vaccinated group. (D) The viral lung 

titers determined through plaque assay from lung tissue on day 3 

postinfection. All error bars depict standard deviations, and the 

statistical analysis was conducted using a one-way ANOVA with 

Tukey’s multiple comparison. Not significant (ns); P value < 0.05 

(*); P value < 0.01 (**); P value < 0.001 (***); P value < 0.0001 (****) [19]. 

5. Influenza surveillance 

Influenza surveillance was established in 1947. From this moment 

WHO (World Health Organization) has been coordinating 

international cooperation, with a goal of monitoring influenza virus 

activity, effective diagnostic of the circulating viruses and informing 

society about epidemics or pandemics, as well as about emergence of 

new subtypes of influenza virus type A. As vaccination is the most 

effective method of fighting the virus, one of the major tasks of GISRS 

is developing an optimal antigenic composition of the vaccine for the 

current epidemic season. European Influenza Surveillance Network 

(EISN) has also developed over the years. EISN is running integrated 
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epidemiological and virological influenza surveillance, to provide 

appropriate data to public health experts in member countries, to 

enable them undertaking relevant activities based on the current 

information about influenza activity. In close cooperation with GISRS 

and EISN are National Influenza Centers--national institutions 

designated by the Ministry of Health in each Country [19]. 
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Abstract 

The liver is the largest internal organ in the human body and is 

considered to be one of the most vital glands in human biology. The 

liver is involved in metabolism, detoxification, digestion and nutrient 

storage. This chapter will discuss the basic structure and function of 

the human liver, which includes its gross anatomy, microscopic 

anatomy, blood supply, nerve supply, and other vital physiological 

functions of the human liver. Moreover, some of the common diseases 

of the liver, which include metabolic dysfunction-associated steatotic 

liver disease, viral hepatitis, alcohol-associated liver disease, 

cirrhosis, and hepatocellular carcinoma, are also described in this 

chapter. The chapter will provide a brief description of the liver and 

its importance in human biology in a simple way. 

Keywords: Anatomy of liver; Hepatocytes; Metabolism; Bile secretion; 

Detoxification; Liver disease. 
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1. Introduction 

The liver is the largest visceral organ and the most complex gland in 

the human body. It plays a vital role in regulating metabolic 

processes, detoxifying harmful substances, producing bile, and 

maintaining nutritional balance. Almost all the nutrients that are 

absorbed from the digestive system pass through the liver via the 

portal vein. This enables the liver to change and regulate the 

concentration of these nutrients before they are circulated to the 

general circulation system [2]. This position enables the liver to act 

as a protective filter for the body. 

The liver also plays a vital role in the body’s immune system. Special 

cells in the liver filter out bacteria, toxins, and worn-out blood cells 

from the circulation system. The regenerative capacity of the liver also 

points to its physiological importance. Liver cells have the capacity to 

regenerate themselves even in the presence of considerable damage 

to the organ. This regenerative capacity is unique in human organs 

[1]. 

2. Gross Anatomy of the Human Liver 

The liver is situated in the upper right part of the abdominal cavity. 

It is positioned beneath the diaphragm. The liver is covered by the rib 

cage. The liver is in close proximity to the stomach, duodenum, 

pancreas, and the right kidney. The weight of the liver in adults is 

1.2-1.5 kg. The liver is soft in texture with a smooth surface and a 

sharp edge on the inferior surface [1].The liver is divided into two 

lobes: the right and left lobes, based on the presence of the falciform 

ligament. The right lobe is much larger than the left lobe. On the 

inferior surface, the liver is divided into the caudate and quadrate 

lobes. A thin fibrous capsule is present on the external surface of the 
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liver. This capsule is known as Glisson’s capsule. This capsule 

extends into the liver and supports the vessels and bile ducts [4].  

3. Blood Supply and Nerve Supply of the Liver 

The liver is supplied with blood in a special way to meet the metabolic 

demands of the body. It receives oxygenated blood through the 

hepatic artery and nutrient-rich blood through the portal vein. About 

70 to 75% of blood is supplied to the liver through the portal vein. 

Blood is removed from the liver through the hepatic veins, which open 

into the inferior vena cava [1]. The liver is supplied with autonomic 

nerves that regulate the blood flow, secretion, and metabolism of the 

liver through the sympathetic and parasympathetic nervous systems. 

3.1 Microscopic Anatomy of the Liver 

In microscopic anatomy, the liver is arranged in a series of plates of 

liver cells that radiate from a central vein. At the edge of these plates, 

known as hepatic lobules, there are portal triads that contain a 

branch of the hepatic artery, portal vein, and bile ducts [1]. 

The blood moves from the portal triads through the sinusoids to the 

central vein, where the liver cells are capable of removing the 

nutrients and detoxifying the harmful substances. At the same time, 

bile moves out of the liver cells through the bile canaliculi to the bile 

ducts [4]. 
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3.2 Physiological Function of The Liver 

Liver has a variety of physiological functions, which are vital for the 

body. During carbohydrate metabolism, the liver regulates the level 

of glucose present in the blood by storing the excess glucose in the 

form of glycogen and using it during the fasting period. It also 

converts glucose from other sources into the body for continuous 

supply [2]. This is done through the metabolism of other sources like 

fats and proteins into glucose. During protein metabolism, the liver 

is responsible for the synthesis of plasma proteins and the 

detoxification of ammonia into urea. Lipid metabolism is also carried 

out by the liver; it converts cholesterol into lipoproteins and bile salts 

[3]. 

3.3 Bile Secretion and Digestive Function 

Bile is a yellowish-green liquid that is secreted by hepatocytes. Bile 

plays a vital role in the digestion and absorption of fat. Bile salts have 

the capability to emulsify fat to make it accessible to enzymes. Bile 

also plays a part in the absorption of fat-soluble vitamins and the 

elimination of waste products such as bilirubin [3]. 

3.4 Detoxification and Storage Functions 

Detoxification of drugs, alcohol, and other harmful chemicals, 

including hormones, takes place in the liver, where the harmful 

chemicals are converted into water-soluble substances, which are 

then excreted from the body. The enzymes, such as cytochrome P450, 

play a role in detoxification as well [2]. Storage of vitamins and iron, 

such as ferritin, occurs in the liver, where vitamins like vitamin B12 

are stored for long periods of time. In addition, the liver acts as a 

blood reservoir during emergency situations [1]. 
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4. Diseases 

4.1 Metabolic Dysfunction-Associated Steatotic Liver Disease 

(MASLD) 

Etiology and Pathogenesis: MASLD represents the hepatic 

manifestation of metabolic syndrome and is caused mainly by insulin 

resistance, obesity, and type 2 diabetes mellitus [5]. It is defined as 

the presence of hepatic steatosis of at least 5% and at least one 

metabolic risk factor, such as hypertension and hyperlipidemia, 

without the presence of other factors like excessive alcohol use [7]. 

The disease can range from simple steatohepatitis to Metabolic 

Dysfunction-Associated Steatohepatitis (MASH), which involves 

hepatocellular damage and lobular inflammation [7]. 

Diagnostics and Management: The Fibrosis-4 (FIB-4) index is the 

recommended initial diagnostic tool for assessing the risk of advanced 

hepatic fibrosis [8]. Although the definitive diagnostic tool for the 

disease remains liver biopsy, non-invasive tests (NITs) like Vibration-

Controlled Transient Elastography (VCTE) have been gaining 

popularity as a monitoring tool [8]. The management strategy for the 

disease involves weight loss of 7-10% due to lifestyle modifications, 

which have been found to improve steatohepatitis [5]. The 

management also includes Resmetirom, a thyroid hormone receptor-

β selective agonist for the treatment of advanced hepatic fibrosis, and 

GLP-1 receptor agonists like Semaglutide for the management of 

associated conditions like obesity and diabetes [5]. 

4.2 Chronic Viral Hepatitis (HBV and HCV) 

Etiology and Pathogenesis: The etiology of chronic hepatitis is due 

to infection with the Hepatitis B (HBV) and Hepatitis C (HCV) viruses, 

both of which cause chronic necroinflammatory changes and can 
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result in cirrhosis [6, 9]. HBV is a DNA virus, and the virus integrates 

into the genome, whereas HCV is an RNA virus [9]. The cumulative 

risk for hepatocellular carcinoma (HCC) is high due to immunologic 

destruction of hepatocytes[9]. 

Diagnostics and Management: Diagnosis is established through 

serological markers (HBsAg for HBV; anti-HCV for HCV) followed by 

quantitative PCR to determine viral load [9]. Management of HBV 

focuses on lifelong suppression of viral replication using nucleos(t)ide 

analogues like Tenofovir (TDF/TAF) or Entecavir [7]. For HCV, the 

standard of care is the use of pan-genotypic Direct-Acting Antivirals 

(DAAs) like Sofosbuvir/Velpatasvir, which can achieve a Sustained 

Virologic Response (SVR) in over 95% of patients after 8–12 weeks of 

therapy [6]. 

5. Alcohol-Associated Liver Disease (ALD) 

Etiology and Spectrum: ALD is caused by excessive and prolonged 

consumption of ethanol, leading to mitochondrial damage and 

oxidative stress through its metabolite, acetaldehyde [9]. ALD 

includes a variety of conditions from alcoholic steatosis, acute 

hepatitis, and chronic cirrhosis [9]. ALD is increasingly becoming a 

major risk factor for death from liver disease, especially with 

malnutrition and sarcopenia in its late stages. 

Diagnostics and Management: ALD is diagnosed based on a history 

of excessive ethanol consumption and raised liver enzyme levels, such 

as an AST/ALT ratio > 2:1 and raised levels of GGT enzyme [9]. 

Disease severity is often determined based on MELD scores and 

Maddrey Discriminant Function [10]. Abstinence from alcohol is 

considered the only cure for ALD, as it is the only intervention that 

completely stops disease progression [10]. Corticosteroids, such as 
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Prednisolone, may be considered for reducing mortality rates among 

patients suffering from severe acute hepatitis [10]. 

5.1 Cirrhosis and Hepatocellular Carcinoma (HCC) 

Etiology and Malignancy: Cirrhosis is the end-stage of chronic liver 

inflammation, where 80–90% of HCC cases arise within a cirrhotic 

environment [9]. HCC is currently the third leading cause of cancer-

related mortality globally [11]. Transformation into malignancy 

involves complex molecular changes, often in the setting of portal 

hypertension and regenerative nodules [9, 12]. 

Diagnostics and Management: Surveillance for HCC in cirrhotic 

patients is recommended every six months using ultrasound and 

Alpha-fetoprotein (AFP) [12]. Diagnosis is confirmed via multiphasic 

CT or MRI using LI-RADS criteria [11]. Treatment follows the BCLC 

staging system: early-stage tumors are managed with surgical 

resection, thermal ablation, or liver transplantation [12]. For 

advanced-stage disease (BCLC C), systemic combination 

immunotherapies, specifically Atezolizumab plus Bevacizumab, have 

become the first-line standard of care, significantly improving overall 

survival compared to older tyrosine kinase inhibitors [11, 13]. 

6. Conclusion 

The human liver is an essential organ in the human body and plays 

a vital role as the main hub for metabolism, detoxification, and 

immune defense. The complex gross and microscopic anatomy of the 

human liver enables it to filter nutrients and harmful substances 

before they enter the human body. Moreover, the liver's remarkable 

regenerative capacity makes it a vital organ for human survival. In 

addition to its vital roles in the human body, the liver's remarkable 

regenerative capacity makes it a vital organ for human survival. 
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However, the human liver is vulnerable to various severe health 

problems, ranging from metabolic disorders such as MASLD to 

infections such as viral hepatitis and alcoholic liver diseases. If not 

properly managed in the early stages, the human liver is vulnerable 

to severe end-stage cirrhosis and liver cancer. It is vital for the 

students and future medical practitioners to understand the vital 

relationship between the human liver and metabolic balance in the 

human body. 
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Abstract  

Fragile X syndrome (FXS) is the most common inherited single-gene 

cause of intellectual disability and a significant genetic cause of 

autism spectrum disorder. The disorder shows variable expressivity 

and reduced penetrance, especially in females due to X-chromosome 

inactivation. Clinically, FXS is associated with intellectual disability, 

behavioral problems, anxiety, and autism-related features. Diagnosis 

is mainly performed using molecular genetic tests such as PCR and 

Southern blot analysis to detect CGG repeat expansion and 

methylation status.  

Keywords:  FMR1; Gene therapy, treatment, fragile X messenger 

ribonucleo protein (FMRP);  

1. Introduction  

Fragile X syndrome (FXS), also known as Martin-Bell syndrome in the 

past, is a non-Mendelian trinucleotide repeat disorder [1]. Fragile X 

syndrome (FXS) is the most common single-gene cause of inherited 
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intellectual disability. FXS is caused by an expanded trinucleotide 

repeat (CGG) on the 5′ untranslated region of the fragile x mental 

retardation 1 (FMR1) gene. A normal range is between 6 and 44 

repeats. Individuals with 45 to 54 repeats are considered to have a 

gray zone or intermediate expansion. Those with 55 to 200 repeats 

have the permutation, which is likely to become unstable in future 

generations. Affected individuals with the full mutation FXS have 

>200 repeats [3]. However, the biological mechanism responsible for 

the presentation of FXS is not fully understood. Approximately 30% 

of girls and 90% of boys with the full mutation have intellectual 

disability, and 60% of boys are diagnosed with autism spectrum 

disorder (ASD). Anxiety disorders occur in 70–80% of individuals with 

FXS [4]. FXS testing should be a consideration in the differential 

diagnosis of any individual with intellectual disabilities, impaired 

development, or autism of unknown etiology. In addition, all 

individuals older than 50 years with ataxia and tremors or 

females with premature ovarian insufficiency should be tested for this 

premutation. Molecular genetic tests, rather than cytogenetics, are 

now used to diagnose FXS. There is no cure for the disease, but early 

diagnosis and intervention can improve patients' and families' 

prognosis and quality of life and aid them in their future reproductive 

decisions[1]. Unfortunately, clinicians frequently do not diagnose this 

condition due to several factors, including similar clinical features as 

other syndromes, various presenting phenotypes, and frequent 

absence of clinical features at birth. Therefore, FXS is 

underdiagnosed, leading to suboptimal management and patient 

outcomes[9]. 
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2. Etiology  

FXS is an X-linked dominant condition with variable expressivity and 

reduced penetrance[5]. One reason is the differing number of CGG 

repeats in the FMR1 gene in affected individuals. Those without the 

disorder have 5 to 44 CGG repeats. However, individuals with 

abnormal alleles are classified according to their expanded number 

of CGG repetitions[6]. Furthermore, due to X-inactivation in females 

and genetic anticipation, the inheritance of FXS does not follow 

standard X-linked dominant inheritance. Females with full FMR1 

mutations have a milder phenotypic presentation than males, 

secondary to the protection provided by an additional unaffected X 

chromosome [6][7]. 

3. Epidemiology   

FXS with a full mutation allele occurs in approximately 1 in 7000 

males and 1 in 11,000 females; however, the exact frequency is 

unknown[10]. However, it is essential to note that the carrier frequency 

can vary greatly based on the diagnostic testing used and the 

population of interest, with specific populations showing significantly 

higher or lower disease prevalence[11-13]. For instance, the prevalence 

in Columbian males is reported to be 1 in 20, which is 343 times 

higher than the rest of the world[14]. 

4. Pathophysiology   

FXS is indirectly the result of the expansion of the CGG triplet repeat 

within the fragile X mental retardation 1 gene (FMR1) located on the 

X chromosome, which silences FMR1 expression[15]. This CGG 

expansion is due to abolished or greatly diminished fragile X mental 

retardation protein (FMRP) and is the direct cause of FXS[16]. Point 

mutations or deletions may also be a cause of reduced functional 
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FMRP[17]. FMRP is a master regulator that directs protein translation, 

impacting neuronal connections, synaptic plasticity, and ovarian 

functions[18]. 

5. Treatment  

5.1 Supportive therapies  

There is no cure for FXS; therefore, management primarily involves 

symptomatic treatment, including speech therapy, behavioral 

therapy, sensory integration, occupational therapy, and special 

education[15][22]. Furthermore, providing occupational therapy and 

tailored training for individuals affected by the condition can help 

them achieve greater independence, improve their self-care skills, 

and receive vocational training[14]. 

5.2 Pharmacologic therapies  

Medications used for symptom-based treatment aim to minimize 

some behavioral and mental health challenges associated with FXS. 

Stimulants may target hyperactivity, impulsivity, and 

attention issues. Antidepressants (eg, bupropion, buspirone, or 

selective serotonin and norepinephrine reuptake inhibitors) may treat 

anxiety, obsessive-compulsive behaviors, and mood disorders. Drugs 

targeting the metabotropic glutamate receptors linked with synaptic 

plasticity have been demonstrated to be particularly beneficial[14]. 

Adverse effects specific to the FXS population may occur with most 

of the abovementioned agents. Therefore, medication management is 

best done by the practitioner's familiarity with the drug and the FXS 

population[14]. 
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6. Differential diagnosis  

Differential diagnoses to be considered in cases of suspected FXS 

include [1]: 

● Sotos syndrome 

● Prader-Willi syndrome 

● Klinefelter syndrome 

● Rett syndrome 

● Trisomy 21 

● Metabolic disorder 

● Autism 

7. Search Terms and Inclusion/Exclusion Criteria by Topic Area 

Topic Area Search Terms 
Search 
Dates 

Other 

Search 
Criteria 

Full mutation 
phenotype 

Fragile X syndrome, fragile X–

associated disorders, fragile X 
premutation, fragile X carrier, fragile 

X–associated tremor/ataxia 
syndrome, or fragile X–associated 
primary ovarian insufficiency and 

phenotype, clinical presentation, 
description, neurocognitive, 

cognitive, behaviour, social-
emotional, or language, 

communication 

2008–
2014 

English 
language 
Human 

United 
States only 

Developmental 

trajectories 
across the life 

span 

Fragile X syndrome or fragile X and 

lifespan, developmental, 
longitudinal, adolescent, adult, 

services, or transition to adulthood 

1991–
2014 

English 
language 

Human 
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Topic Area Search Terms 
Search 
Dates 

Other 
Search 

Criteria 

Available 
interventions 

and treatments 

Fragile X syndrome or fragile X and 

treatment, intervention, 
pharmacological, educational, 

behavioral, medication, or clinical 

trial 

1991–

2014 

English 
language 
Human 

Impact on 

family 

Fragile X syndrome or fragile X and 
family adaptation, family impact, 

family outcomes, burden, or cost of 
care 

1991–

2014 

English 

language 
Human 
United 

States only 

8. Conclusion  

Despite the progress in many areas of FXS research, work remains to 

address gaps in clinical and public health knowledge. We pose 3 main 

areas of focused research, including early detection and diagnosis, 

determinants of health, and development and implementation of 

targeted  
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Abstract 

Nanotechnology has emerged as a revolutionary field in modern 

medicine, particularly in drug delivery systems. Nanorobots are 

nanoscale devices designed to perform specific tasks within the 

human body, including targeted drug delivery to diseased tissues. 

These microscopic machines can navigate through the bloodstream, 

recognize specific biological signals, and release therapeutic agents 

directly at the disease site. Targeted drug delivery using nanorobots 

improves treatment efficiency while minimizing systemic side effects. 

The integration of nanotechnology, biotechnology, and artificial 

intelligence has significantly advanced the development of 

nanorobotic systems. Nanorobots have shown promising applications 

in cancer therapy, cardiovascular diseases, and neurological 

disorders. This chapter discusses the concept, epidemiology, 
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pathophysiology, clinical relevance, and emerging research related to 

nanorobots for targeted drug delivery. 

Keywords: Nanorobots, Targeted drug delivery, Nanotechnology, 

Nanomedicine, Drug delivery systems, Cancer therapy. 

1. Introduction 

Nanotechnology plays an important role in improving modern 

pharmaceutical drug delivery systems. It involves the manipulation 

of materials at the nanoscale level, typically ranging from 1 to 100 

nanometers. Nanorobots are tiny robotic devices designed using 

nanotechnology that can perform specific medical tasks within the 

human body [1]. 

Traditional drug delivery systems often distribute drugs throughout 

the body, which can lead to unwanted side effects and reduced 

therapeutic efficiency. Targeted drug delivery aims to deliver drugs 

specifically to diseased tissues while minimizing damage to healthy 

cells [2]. 

Nanorobots are engineered to travel through blood vessels, identify 

diseased cells, and release drugs directly at the target site. These 

devices may be controlled by external magnetic fields, chemical 

signals, or biological interactions. The use of nanorobots in drug 

delivery can significantly improve drug bioavailability, reduce toxicity, 

and enhance therapeutic outcomes [3]. 

Recent advances in biomedical engineering, artificial intelligence, and 

nanotechnology have accelerated the development of nanorobots for 

medical applications. Although many nanorobotic systems are still in 

the experimental stage, they hold great potential for future clinical 

use [4]. 
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2. Epidemiology 

Many life-threatening diseases such as cancer, cardiovascular 

diseases, and neurological disorders require highly precise drug 

delivery systems. Cancer alone is one of the leading causes of death 

worldwide, accounting for millions of deaths each year [5]. 

Conventional treatments like chemotherapy often affect both healthy 

and diseased cells, leading to severe side effects. Targeted drug 

delivery using nanorobots has the potential to improve treatment 

outcomes by delivering drugs directly to tumour tissues while 

minimizing damage to normal cells [6]. 

The growing prevalence of chronic diseases has increased the need 

for advanced drug delivery technologies. Nanorobotic systems are 

considered promising tools for improving therapeutic efficiency and 

reducing drug-related toxicity [7]. 

3. Pathophysiology 

The effectiveness of drug therapy depends largely on the ability of 

drugs to reach the target tissue at an adequate concentration. In 

many diseases, physiological barriers such as cell membranes, blood-

brain barrier, and enzymatic degradation prevent drugs from 

reaching the desired site of action [8]. 

Nanorobots can overcome these limitations by navigating through 

biological environments and delivering drugs precisely at the target 

location. These devices are designed to recognize specific cellular 

markers present on diseased cells. Once the target is identified, the 

nanorobot releases the therapeutic agent in a controlled manner [9]. 

Some nanorobots are also designed to respond to environmental 

signals such as pH changes, temperature variations, or chemical 
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gradients. This smart response mechanism enables controlled and 

site-specific drug release [10]. 

4. Clinical Symptoms 

Nanorobot-based drug delivery is mainly used in diseases where 

precise targeting of drugs is necessary. These diseases often present 

with severe clinical symptoms that require effective treatment. 

Common conditions where targeted drug delivery is beneficial 

include: 

1. Cancer – abnormal cell growth leading to tumor formation. 

2. Cardiovascular diseases – blockage of blood vessels due to 

plaque accumulation. 

3. Neurological disorders – degeneration of nerve cells affecting 

brain function. 

4. Chronic infections – persistent infections that require targeted 

antibiotic therapy. 

Nanorobots can help reduce the severity of these conditions by 

delivering drugs directly to the affected tissues [11]. 

5. Etiology 

Several factors contribute to the development of diseases that require 

targeted drug delivery systems. These factors include: 

1. Genetic mutations leading to abnormal cell growth. 

2. Environmental factors such as pollution and exposure to 

toxins. 

3. Lifestyle factors including unhealthy diet, smoking, and lack 

of physical activity. 
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4. Microbial infections that cause chronic inflammatory 

conditions. 

Because these diseases often involve complex biological mechanisms, 

conventional drug delivery methods may not provide effective 

treatment. Nanorobotic drug delivery systems help overcome these 

limitations by providing precise and controlled therapy [12]. 

6. Emerging Treatment 

Nanorobots represent an emerging and innovative approach in 

targeted drug delivery. Several types of nanorobotic systems are 

currently being developed for medical applications. 

Magnetic nanorobots are controlled using external magnetic fields, 

allowing precise navigation within the body. DNA-based nanorobots 

are designed to recognize specific molecular signals and release drugs 

when they detect target cells [13]. 

Another promising technology involves biodegradable nanorobots 

that break down safely in the body after completing their function. 

These systems reduce the risk of long-term toxicity and improve 

patient safety. 

Nanorobotic drug delivery has shown potential in cancer therapy, 

targeted chemotherapy, and gene therapy. These technologies may 

revolutionize the treatment of many diseases in the future [14]. 

7. Current Research 

Current research in nanorobotic drug delivery focuses on improving 

the design, safety, and efficiency of nanorobots. Scientists are 

developing advanced nanoscale devices capable of detecting disease 

markers and delivering drugs with high precision [15]. 
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Experimental studies have demonstrated the use of DNA nanorobots 

for targeted cancer therapy. These nanorobots can recognize tumor 

cells and release anticancer drugs directly at the tumor site. 

Researchers are also exploring the integration of artificial intelligence 

with nanorobotic systems to improve navigation and decision-making 

capabilities. Although most nanorobotic technologies are still under 

development, ongoing research suggests that they may soon become 

an important part of modern medicine. 
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Abstract 

Kidney stone disease (nephrolithiasis) affects approximately 10–15% 

of the global population and is now recognized as a chronic systemic 

condition with metabolic and cardiovascular implications. Its 

pathogenesis is multifactorial, involving genetic, metabolic, and 

environmental factors that drive urinary supersaturation and crystal 

formation. Heritability estimates of 45–55% underscore the 

substantial genetic contribution to individual susceptibility. The 

genetic architecture spans rare monogenic disorders — including 

primary hyperoxaluria, cystinuria, Dent disease, and Bartter 

syndrome — and common polygenic susceptibility identified through 

GWAS, implicating key loci such as CLDN14, SLC34A1, CASR, VDR, 

and CYP24A1. These variants disrupt fundamental mechanisms 

including hypercalciuria, hyperoxaluria, hyperuricosuria, reduced 

urinary citrate, and renal tubular dysfunction. Advances in next-

generation sequencing have improved diagnostic precision and 

enabled genotype-guided management, while pharmacogenomics, 

RNA interference therapies, and microbiome–genetics interactions 
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offer emerging avenues for precision medicine. This chapter reviews 

the genetic basis of kidney stone disease — encompassing monogenic 

causes, polygenic risk, implicated pathways, and clinical implications 

— to inform personalized prevention and treatment strategies. 

Keywords: Nephrolithiasis, genetic predisposition, monogenic 

disorders, GWAS, hypercalciuria, polygenic risk, precision medicine. 

1. Introduction 

Kidney stones, known in medical terms as nephrolithiasis or 

urolithiasis, are solid formations that develop in the kidneys from 

dissolved minerals found in urine. They signify a prevalent urological 

issue marked by the crystallization of minerals and salts in the kidney 

system.[1,2] The occurrence of kidney stones is rising globally, 

impacting around 10–15% of the world's population at some stage in 

their lives. The condition results in considerable suffering due to pain, 

urinary blockage, infection hazards, and possible kidney injury.[1] 

Nephrolithiasis is a condition defined by the formation of solid 

crystal-like formations in the urinary region of the kidneys. There is 

significant diversity in its pathogenesis, risk factors, clinical 

development, and treatments.[2] Factors that increase the likelihood 

of people forming kidney stones can be genetic, metabolic, and 

environmental.[3,4] Nephrolithiasis is now recognized as a sign of 

systemic illness and a predictor of metabolic and cardiovascular 

problems.[10] 

Systemic conditions, like problems with calcium balance, can 

increase the risk of developing kidney stones, and rare genetic factors 

leading to nephrolithiasis are widely recognized.[4] Nonetheless, most 

KSD cases are classified as idiopathic, with multiple genetic and 

environmental factors affecting the observed phenotype. The 
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homeostatic and renal tubular mechanisms related to these common 

forms of kidney stone disease are not fully understood, which 

impedes efforts to develop improved treatment strategies to prevent 

kidney stone recurrence.[10,15] 

Earlier genomic studies suggested that increased serum calcium and 

decreased serum phosphate levels are likely to heighten the risk of 

KSD, indicating that minor differences in mineral metabolism within 

the normal limits may function as a common risk factor for kidney 

stone formation.[15] As a result, a 0.08 mmol/L increase in serum 

calcium was linked to a KSD OR of 1.48, whereas a 0.16 mmol/L 

decrease in serum phosphate levels corresponded to a KSD OR of 

1.41.[15] To improve our comprehension of how shifts in calcium and 

phosphate equilibrium contribute to kidney stone formation, 

research into genetic discoveries, laboratory experiments, and 3D 

modeling have been undertaken to pinpoint KSD-related variants 

associated with diacylglycerol kinase delta (DGKD), solute carrier 

family 34 member 1 (SLC34A1), and cytochrome P450 family 24 

subfamily A member 1 (CYP24A1).[15] 

2. Heritability of Kidney Stone Disease 

Twin and family aggregation studies consistently demonstrate a 

significant hereditary component to kidney stone disease.[7,9] First-

degree relatives of affected individuals face a markedly elevated risk 

of stone formation, reflecting familial clustering that points to genetic 

influence, though shared environmental factors may also 

contribute.[7] Monozygotic twins exhibit higher concordance rates 

than dizygotic twins, further supporting a heritable basis. Heritability 

estimates derived from epidemiological data range from 45% to 55%, 

indicating that genetic factors account for a substantial proportion of 
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individual susceptibility.[7] These findings underscore the importance 

of family history in risk assessment and highlight the need for genetic 

screening and early intervention in high-risk populations.[4,8] 

3. Types of Kidney Stones and Their Genetic Basis 

Kidney stones vary in chemical makeup and are categorized 

according to their chemical composition.[1,2] Stones that contain 

calcium are the most prevalent variety. Every type possesses unique 

genetic, biochemical, and clinical characteristics.[3,4] 

3.1 Calcium oxalate stones 

Calcium oxalate stones make up the largest portion of kidney stones, 

accounting for 70–80% of them, and usually have a polygenic origin, 

affected by various genetic variations and environmental 

influences.[3,4] Stone formation is affected by hypercalciuria, 

hyperoxaluria, low citrate levels in urine, and acidic urine pH. Genetic 

influences on calcium and oxalate metabolism are essential.[3,10] In a 

clinical setting, patients might show symptoms of repeated renal colic 

and blood in the urine.[1] 

3.2 Calcium phosphate stones  

Calcium phosphate stones can also develop, frequently forming on a 

calcium phosphate matrix referred to as Randall's plaque. They are 

infrequent, usually linked to alkaline urine and disorders such as 

renal tubular acidosis. Genetic variations influencing phosphate 

regulation and kidney acidification might play a role. 

3.3 Uric acid stones  

Uric acid stones are often associated with genetic elements affecting 

uric acid metabolism, including variations in the SLC2A9 (which 

encodes GLUT9) and ABCG2 genes. These stones develop in acidic 
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urine and are linked to hyperuricemia, gout, and metabolic 

syndrome. Genetic susceptibility includes genes that control purine 

metabolism and kidney acidification. In a clinical setting, uric acid 

stones might not be visible on X-rays and need targeted diagnostic 

methods. 

3.4 Cystine stones  

Cystine stones serve as a typical illustration of monogenic kidney 

stone disorders, caused by mutations in the SLC3A1 and SLC7A9 

genes that disrupt amino acid transport within the renal tubules. 

Cystinuria is a genetic disorder inherited in an autosomal recessive 

pattern, resulting from mutations in genes that code for renal amino 

acid transporters, causing reduced reabsorption of cystine and 

elevated cystine levels in urine. Cystine has low solubility, leading to 

frequent cystine stones. Cystine stones typically appear during 

childhood or adolescence and necessitate ongoing management 

throughout life. 

3.5 Struvite stones  

Struvite stones consist of magnesium ammonium phosphate and are 

mainly of infectious origin, linked to urinary tract infections caused 

by urease-producing bacteria. They are typically less associated with 

direct genetic predisposition, although host immune response genes 

may influence susceptibility.[1] 

3.6 Rare Stone Types 

Rare stone types include 2,8-dihydroxyadenine stones due to adenine 

phosphoribosyltransferase (APRT) deficiency and xanthine stones 

from xanthinuria, both having clear monogenic causes.[5,6] These 

disorders provide important insights into metabolic pathways of 

stone formation.[5] 
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4. Genetic Predisposition in Kidney Stone Disease 

Genetic predisposition in kidney stone disease refers to inherited 

factors that increase an individual's susceptibility to forming 

stones.[4,13] The genetic factors influence essential body functions 

which include calcium metabolism and oxalate processing together 

with citrate excretion and renal tubular activity to create conditions 

that facilitate stone production. The familial clustering of kidney 

stones demonstrates that this condition has heritable 

characteristics.[7] 

4.1 Familial Clustering and Heritability 

Epidemiological studies show that first-degree relatives who have 

kidney stones face significantly higher chances of developing stones 

themselves.[7,9] The aggregation of this condition within families 

indicates a genetic basis although shared environmental factors 

might contribute as well. Twin studies demonstrate heritability 

because monozygotic twins show higher concordance rates than 

dizygotic twins.[7] 

4.2 Gene Variants Affecting Metabolic Pathways 

Calcium Transport Genes 

The genes CLDN14 (claudin-14) and CaSR (calcium-sensing receptor) 

control the process of calcium reabsorption in the kidneys.[4,15] The 

presence of mutations or polymorphisms in these genes results in 

hypercalciuria, which causes excessive calcium loss through urine 

and represents a significant danger for developing calcium-based 

kidney stones.[4,10] The body loses control of calcium transport, which 

results in excessive calcium salt buildup in urine, leading to the 

development of crystal formation and expansion.[15] 
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4.3.Oxalate Metabolism Genes 

The AGXT gene, which encodes alanine-glyoxylate aminotransferase, 

contains variants that cause primary hyperoxaluria, a rare autosomal 

recessive disorder.[5,12] The condition results in higher production of 

oxalate within the body, which then leads to its excretion through 

urine, which creates a risk for developing calcium oxalate kidney 

stones.[5,6] The genes that control oxalate transport and metabolism 

pathways determine the likelihood of stone formation because they 

affect the amount of oxalate excreted through urine.[3] 

4.4.Citrate Transport Genes 

Citrate functions as a strong stone formation inhibitor because it 

binds with calcium to form chemical complexes.[1,10] The genetic 

changes that affect citrate transporter proteins result in decreased 

urinary citrate excretion which reduces the protective effects of citrate 

and raises the likelihood of stone formation.[4] 

5. Monogenic (Mendelian) Disorders Causing Nephrolithiasis 

The group of Mendelian disorders creates KSD, which develops in 

patients who experience their first symptoms during childhood and 

show severe disease progression.[5,6] The process of discovering these 

particular genetic factors establishes the foundation for precise 

diagnostic assessment and treatment planning.[12] The clinical 

presentation of these monogenic disorders starts in early life through 

recurrent stone formation and unique biochemical patterns which 

require genetic assessment for accurate diagnostic evaluation and 

treatment planning.[8,13] 
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5.1.Primary Hyperoxaluria 

People who have this autosomal recessive disorder develop the 

condition because of genetic mutations which affect their AGXT (PH1) 

or GRHPR (PH2) or HOGA1 (PH3) genes. People who have this genetic 

disorder develop the condition because of an enzymatic defect which 

causes glyoxylate metabolism to fail. This defect results in their body 

making too much oxalate which leads to the development of severe 

calcium oxalate kidney stones. 

5.2 Cystinuria 

The condition occurs through autosomal recessive inheritance 

because of genetic variants which affect both SLC3A1 and SLC7A9. 

Patients who have this condition cannot properly absorb cystine 

along with dibasic amino acids because of genetic mutations which 

affect their ability to reabsorb these substances. 

5.3 Dent Disease 

The X-linked recessive disorder occurs through mutations which 

mainly damage CLCN5 and less often affect OCRL. The condition 

leads to patients experiencing low molecular weight proteinuria 

together with nephrocalcinosis and hypercalciuria and renal tubular 

dysfunction and nephrolithiasis. 

5.4.Bartter Syndrome 

The condition consists of a group of renal tubular disorders which 

follow autosomal recessive inheritance. The disorder causes patients 

to experience salt wasting and hypokalemia together with 

nephrocalcinosis and stone formation. The genes which have been 

mutated in this condition lead to changes in both kidney salt 

handling and calcium excretion processes. 
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Familial Hypomagnesemia with Hypercalciuria and Nephrocalcinosis 

The condition occurs through mutations which affect the CLDN16 

and CLDN19 genes. These gene mutations lead to paracellular ion 

transport deficiencies in the kidney. The deficiency causes patients 

to lose both magnesium and calcium through their urine. 

6. Polygenic Risk and Common Variants (GWAS Findings) 

Genome-wide association studies (GWAS) have identified multiple 

susceptibility loci associated with KSD, including variants near 

CLDN14, SLC34A1, VDR, and CASR, highlighting the multifactorial 

nature of common nephrolithiasis.[15] The protective variant 

rs4293393-T near the UMOD gene, encoding uromodulin, has also 

been recognized.[16,17] Polygenic risk scores (PRS) derived from these 

variants offer promise for individual risk stratification and 

personalized prevention.[15] Furthermore, gene–environment 

interactions play a significant role, as genetic variants modulate 

individual responses to dietary and environmental factors in stone 

disease, including dietary consumption of calcium and oxalate, salt, 

hydration level, and daily habits, which demonstrate why customized 

healthcare needs complete solutions.[4,15] 

7. The genetic basis of kidney stone formation   

The genetic basis of kidney stone formation depends on multiple 

genes that collectively form pathways governing urinary solute 

concentrations.[4,15] The gene variants which control calcium 

transport through calcium-sensing receptor (CASR), vitamin D 

receptor (VDR), vitamin D 24-hydroxylase (CYP24A1), and sodium-

phosphate cotransporters SLC34A1/A3 cause disruptions to calcium 

homeostasis which result in hypercalciuria.[14,15] SLC26A6 functions 

as an oxalate transporter while AGXT encodes alanine glyoxylate 
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aminotransferase which together act as vital controllers of oxalate 

processing and removal.[3,5] SLC2A9 (GLUT9) and ABCG2 together 

control uric acid transport through their effects on uric acid serum 

levels and renal excretion which establishes the connection between 

these factors and uric acid stone development.[15] The FGF23 axis 

works together with SLC34A1 to handle phosphate management 

because this system controls phosphate reabsorption and excretion 

while its disruption results in stone formation.[14] The proteins 

CLDN14, CLDN16, and TRPM6 function as essential magnesium 

transport proteins whose dysfunction increases the risk of kidney 

stone development.[5,15] SLC22A12 (URAT1) functions as a renal 

tubular transport protein that enables uric acid reabsorption 

throughout the kidney tubules.[15] 

8. Role of Specific Genetic Variants 

Kidney stone disease (KSD) develops from genetic variants which 

affect kidney function through two mechanisms: loss-of-function and 

gain-of-function effects that result in diminished or increased protein 

activity which subsequently affects stone development.[4,15] The 

CYP24A1 mutations which encode the enzyme that degrades 1,25-

dihydroxyvitamin D lead to vitamin D inactivation impairment which 

results in idiopathic hypercalciuria and higher KSD risk.[15] Activating 

mutations in the calcium-sensing receptor (CASR) increase the body's 

excretion of calcium through urine which leads to increased kidney 

calcium levels and the development of kidney stones.[4,10] The 

common genetic variations found in CLDN14 function as one of the 

most important genetic risk factors that scientists have discovered for 

calcium stone disease.[15] The presence of a single SLC34A3 variant 

which causes hereditary hypophosphatemic rickets demonstrates 
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that even one genetic change can increase an individual's chances of 

developing stone disease.[14] 

9. Conclusion 

The genetic components of kidney stone disease include three 

categories which are unique monogenic disorders and widespread 

polygenic risk factors and complex interactions between genes and 

environmental factors.[4,5,15] Genetic testing should become part of 

medical practice because it helps doctors make correct diagnoses and 

assess patient risk while creating tailored treatment plans which 

show how kidney stone disease has progressed from being seen as a 

urological condition to becoming recognized as a permanent systemic 

illness.[12,13] The field has made progress through GWAS discoveries 

and monogenic classification work yet fundamental knowledge gaps 

continue to exist about how common genetic variants increase 

disease risk.[15] The main research objectives will focus on conducting 

extensive genomic research and validating genetic variants through 

functional studies and connecting genomics with epigenomics and 

metabolomics and microbiome research to develop personalized 

medical treatments.[4,15] 
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