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Abstract 

Ayurveda, an ancient Indian system of medicine, emphasizes holistic and 

natural approaches to healthcare. However, its integration into modern 

medical research faces challenges due to the lack of systematic, evidence-based 

studies. With the global rise in renal disorders, there is a critical need for 

innovative and reliable preclinical models to study kidney related diseases. 

Drosophila melanogaster (fruit fly), a well-established model organism in 

biomedical research, offers a unique opportunity to bridge this gap due to its 

genetic similarities to humans and its potential as a biomimic for human renal 

physiology. The current review explores the utility of fly as a translational renal 

model in Ayurvedic research, particularly in studying renal physiology, toxicity, 

genetic and acquired renal disorders. With the parallels between drosophila 

and human renal systems and the use of nephrocytes as analogs to human 

podocytes and malpighian tubules as functional equivalents to human kidneys. 

Further, the review highlights methodologies for studying renal physiology and 

toxicity in drosophila, as well as the generation of renal disease phenotypes 

through genetic manipulation, diet and chemical induction. The current review 

emphasizes on drosophila as an experimental model to enhance the scientific 

validation of Ayurvedic treatments, particularly in the context of renal health, 

offering a promising avenue for the integrating traditional and modern 

medicine in developing better drugs and establishing the mechanism of action 

for renal care. 

 

Introduction  

The global resurgence of Ayurveda, termed the ‘Ayurvedic boom’ reflects a 

profound shift in healthcare preferences towards natural and holistic 

modalities. This ancient Indian system of medicine is rooted in a deep 

understanding of the body’s interconnectedness with nature, has captured the 

interest of individuals and healthcare practitioners worldwide. The rise in 

popularity can be attributed to increasing awareness of sustainable and 

preventive healthcare practices. Comprehensive approach of Ayurveda, 

integrates with herbal medicine, dietary guidelines and lifestyle adjustments, 

which aligns with modern trends toward personalized and integrative 

medicine1. Despite its ancient roots and widespread practice, Ayurveda faces 

challenges due to the lacunae in robust, evidence-based research. The 

traditional knowledge, passed down through generations, often undergoes 

modifications and adaptations, leading to regional practices that are not well 
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documented in terms of Standard Operating Procedures 

(SOPs). This variability complicates the establishment of 

consistent scientific evidence2. Moreover the demoralization 

of traditional datasets, coupled with a fragmented 

documentation process, further hampers efforts to validate 

and assimilate Ayurvedic practices within contemporary 

healthcare frameworks3.The reverse pharmacology approach, 

which starts with traditional knowledge and works backward 

to understand the scientific basis, offers a promising 

pathway, to enhance the quality outcomes4.  

 Ayurveda dependence on crude formulations that 

contain both lead molecule and promoters, which are believed 

to maintain the homeostasis of Doshas. These complex 

mixtures allow for a natural reorientation of phytochemicals 

based on the specific Dosha that is vitiated, aligning with 

traditional Ayurvedic principles. However, this approach poses 

challenges in scientific validation, as the inherent complexity 

and variability of these formulations make it difficult to 

standardize treatments, mode of action and isolate specific 

therapeutic effects5. The practices in Ayurveda are highly 

effective against various disease conditions6. However, a gap 

exists in scientific studies that focus on identifying and 

purifying active ingredients, removing antagonistic molecules 

and isolating single phytochemical moieties. Such studies are 

key for elucidating the mechanism of action and specifying the 

biochemical and molecular interactions that determine 

therapeutic efficacy7. While Ayurveda includes the concept of 

Shodhana, this method has traditionally been used for 

purification rather than for the identification and isolation of 

lead molecules8. Consequently, the reproducibility of results 

becomes questionable, as procedures are manually performed, 

leading to variations in biophysical parameters such as 

absorption, adsorption, polarity, solubility, miscibility, 

lipophilicity, temperature, pH and ionic and non-ionic (-inter, -

intra and -trans) interactions9. It makes challenging to reliably 

assess the efficacy, mode of action, toxicity, and target-

oriented therapy (through a "one drug, one target" or "one 

drug, multitarget" approach) in Ayurveda. The standardized 

preclinical models further exacerbate these issues. Therefore, 

it is imperative for Ayurvedic researchers to adopt 

interdisciplinary approach, embracing a ring-side perspective 

with minimal bias and prejudice. By promoting trans-

disciplinary research, the Ayurvedic community can bridge 

these gaps and enhance the scientific rigor and credibility of 

Ayurveda practices10,11. A larger emphasis has to be laid on 

rapid, reliable and reproducible experimental methods. In 

preclinical research invertebrate (insects, nematode, zebra fish 

etc.) and vertebrate (mouse, rat, rabbit etc.) models are 

extensively used both under wild and genetic variation models. 

However, utilization of invertebrate models is not extensively 

explored in Ayurveda.  

 Renal disorders are increasingly prevalent worldwide, 

affecting millions of people across diverse populations. 

Chronic kidney disease (CKD) is one of the major public health 

concern, with an estimated >10% of the global population 

suffering from some form of kidney impairment12. The 

incidence of end-stage renal disease (ESRD), requiring dialysis 

or transplantation, has also been rising steadily, particularly in 

low- and middle-income countries where access to early 

detection and treatment is limited13. Risk factors such as 

hypertension, diabetes and obesity contribute to the growing 

burden of kidney diseases, exacerbated by aging populations 

and lifestyle changes14. Despite advances in medical care, 

disparities in healthcare access and awareness persist, leading 

to high morbidity and mortality rates associated with renal 

disorders globally. Addressing these challenges requires 

coordinated efforts in prevention, early diagnosis and 

equitable access to treatment to mitigate the global impact of 

renal diseases15. Ayurveda can play an important role in the 

prevention, management and treatment of renal disorders 

through its holistic approach to health and wellness without 

altering the basic principles. In Ayurveda, kidney health is 

closely linked to the balance of Doshas and the functioning of 

the body's filtration and detoxification processes16.Which can 

offer promising adjuncts to conventional care through various 

forms of treatment. However, further scientific research is 

necessary to validate their efficacy. As there is a huge 

similarity and variations with multifaceted complex system a 

proper preclinical system is required which can be used as an 

experimental model at genetic level and induction level to 

differentiate between physiological and pathological 

condition17.Hence the major responsibility lies on researchers 

to establish experimental models which is also evident and 

aligns with the vision and mission of ministry of Ayurveda, 

Yoga & Naturopathy, Unani, Siddha and Homeopathy (AYUSH) 

and National Commission for Indian System of Medicine 

(NCISM) wherein the changes are been brought at grassroot 

level18.  

 The Drosophila melanogaster model has been 

instrumental in advancing biological research, particularly in 

genetics and developmental biology. The importance of 

drosophila as a model organism is emphasizes by the multiple 

Nobel prizes awarded for research using this species, which 

has significantly contributed to understanding of fundamental 

biological processes. Its genetic similarity to humans and its 

simplicity as an invertebrate model make drosophila an 

invaluable tool for studying complex human diseases. This has 

led to its recognition as a human biomimic, allowing 

researchers to explore disease mechanisms and treatments in 

a cost-effective and efficient manner19. Hence the current 

review with a trans disciplinary, exploratory and conceptual 

framework designed to explore drosophila as a model 

organism for renal research in Ayurveda.  
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Drosophila as a Model Organism 

The fruit fly Drosophila melanogaster has been a cornerstone 

in biomedical research for over a century, offering numerous 

advantages over vertebrate models, such as ease of culturing, 

short life cycles, easy and inexpensive to maintain, no ethical 

concern, genome sequenced and the ability to produce large 

numbers of offspring allows for the efficient generation of 

experimental data. These features make drosophila an 

important model for studying genetics, embryonic 

development, behavior, regenerative and aging20. Due to the 

ethical and practical limitations clinical experiments on 

humans, much of what we know about cell and tissue biology 

has come from model organisms like mice, rat and 

drosophila. Though vastly different in appearance, many of 

the essential biological mechanisms and pathways that 

govern development and survival are conserved across 

species, including humans and fruit flies21. Moreover, the 

sequencing of the drosophila genome, completed in the year 

2000, provided crucial insights into the similarities between 

fruit flies and humans, revealing about 75% of known human 

disease genes have counterparts in drosophila22. The genome 

sequencing project also led to the development of FlyBase an 

online database (https://flybase.org) that provides extensive 

information on gene sequences, phenotypes, genetic 

interactions, and other data related to drosophila23. 

 The history of drosophila genetics is rich with 

discoveries that have provided deeper understanding into 

biological processes. The organisms’ short life cycle and the 

vast array of genetic tools available make it an ideal subject 

for genetic experiments. Beyond genetics, drosophila life 

cycle has also made it a model for studying developmental 

biology24. Which undergoes into a four-stage life cycle-egg, 

larva, pupa and adult fly (Figure 1). This process of 

metamorphosis, during which most embryonic and larval 

tissues are destroyed and adult tissues develop from imaginal 

discs, helps to understand the tissue regeneration25.  

Drosophila: a human biomimic 

Fruit fly, has been a classical model organism in biological 

research. Despite its small size and the evolutionary distance 

from humans, drosophila offers remarkable insights into 

human biology, particularly in genetics, development, and 

disease. This is largely due to the surprising degree of genetic, 

cellular and even organ-level conservation between fruit flies 

and humans, making it an exceptional biomimic for human 

organs26. One of the most striking areas of similarity between 

drosophila and humans is in the nervous system. Although 

the fruit fly's nervous system is simpler, it includes a brain, 

ventral nerve cord, and peripheral nerves, similar to those 

found in humans. The fly brain has regions that are analogous 

to parts of the human brain, including areas involved in 

learning, memory and sensory processing. This structural and 

functional similarity has made it an essential model for 

studying neurological functions and diseases. For example, 

research on drosophila has contributed to understanding of 

neurodegenerative diseases such as Parkinson's, Alzheimer's 

and Huntington's, as well as basic neurological processes like 

sleep, learning, memory, anxiety and depression27,28. Further, 

the drosophila heart, or dorsal vessel, is a simple linear tube 

that pumps hemolymph (the insect equivalent of blood) 

throughout the body. Despite its simplicity, the drosophila 

heart shares many genetic and functional similarities with the 

human heart. Genes involved in heart development and 

function are conserved between fly and humans, making the 

fruit fly a model organism for studying cardiovascular 

diseases. Research using drosophila have helped to 

understand congenital heart defects, cardiomyopathies and 

the role of specific genes in heart development and 

function29. 

 The digestive system of fly also mirrors the human 

gastrointestinal tract in several key aspects. The fruit fly 

digestive system includes a foregut, midgut and hindgut, with 

the midgut being particularly analogous to the human small 

intestine, where nutrient absorption takes place. This 

similarity has allowed researchers to use fly to study various 

aspects of metabolism, gut microbiota and gastrointestinal 

disorders30. In terms of liver function, the drosophila fat body 

serves a role similar to that of the human liver. The fat body is 

a key component for metabolism, energy storage, and 

detoxification, paralleling the functions of the human liver. 

This organ in fly has been used extensively to model human 

metabolic diseases, including fatty liver disease, obesity and 

diabetes. Furthermore, the fat body is also a key site for 

studying the effects of toxins, drugs and liver-related 

conditions31. 
Figure 1: Life cycle of drosophila (Courtesy: The Walter Lab) 

https://flybase.org
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 The kidneys in humans have their counterpart in the 

malpighian tubules of drosophila. These tubules are 

responsible for osmoregulation, waste excretion and 

maintaining ion balance, much like the human kidneys. 

Podocytes are specialized cells that play key role in the 

filtration processes of the kidneys in human, wherein 

nephrocytes, are equivalent of podocytes, found in 

drosophila. These cells are part of the fly’s excretory and 

circulatory systems, functioning similarly to mammalian 

podocytes by filtering hemolymph. Despite their simpler 

structure compared to podocytes, nephrocytes share key 

functional characteristics, such as forming slit diaphragms 

that regulate filtration. The study of nephrocytes in insects 

helps to understand the mechanisms of kidney function and 

disease in humans, highlighting the evolutionary conservation 

of these critical filtration cells. This helps in studying kidney 

function, fluid balance and related diseases32. Further, 

drosophila immune system, though simpler than that of 

humans, shares key components with the human innate 

immune system. The fruit fly’s immune system includes 

pathways like the Toll and Imd pathways, which are 

analogous to the human Toll-like receptor (TLR) pathways. 

These similarities have enabled researchers to use fly to study 

the innate immune response, infection, inflammation, and 

immune-related diseases, that are directly applicable to 

understanding human immunity33. Further, the reproductive 

system of fly mirrors human reproductive organs in function. 

The processes of gametogenesis and early embryonic 

development are highly conserved between fly and humans. 

As a result, fly has been used to study fertility, reproductive 

biology and developmental genetics, shedding light on 

human reproductive health and related disorders34 (Figure 2). 

 Further, our previous research work has made 

significant strides in understanding the parallels between 

human and Drosophila melanogaster by identifying and 

characterizing hypothetical models that demonstrate the 

biomimicry potential of the fruit fly. Specifically, the work was 

focused on claudin proteins like, claudin-1935, claudin-1636 and 

claudin-1437 in humans and their counterparts in drosophila, 

including Kune-kune38, Sinuous39, Megatrachea40 and dual 

oxidase41. These proteins play a key role in regulating 

paracellular transport in both species, with claudins in humans 

contributing to kidney function and tight junction integrity and 

their fly analogs functioning within septate junctions to 

maintain epithelial barriers. Furthermore, the role of dual 

oxidase, a protein involved in the immune response, 

particularly in generating reactive oxygen species (ROS) as a 

defense mechanism against intestinal bacterial infections was 

explored. By modeling and analyzing dual oxidase in both 

humans and drosophila, our research highlights the 

evolutionary conservation of these proteins and their functions 

for studying human biology in fly. The current review 

emphasizes on exploration of Drosophila melanogaster as a 

model for studying renal health, focusing on various aspects 

including normal renal physiology, nephrotoxicity, genetic 

renal disorders and induced renal diseases. 

Renal physiology and toxicity study in drosophila model 

To study normal renal physiology in Drosophila melanogaster, 

the procedure includes maintenance of flies under standard 

conditions and dissect the malpighian tubules to estimate 

various assays42. Fluid secretion assays are used to measure 

the rate of fluid production and osmoregulation. Ion 

transport assays with ion-specific fluorescent dyes assess the 

movement of ions such as sodium, potassium and calcium. 

Figure 2: Organ match between human and drosophila 
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pH regulation assays using pH-sensitive dyes to study acid-

base balance in the tubules43. Further, metabolic activity 

measurements through ATP quantification or mitochondrial 

function assessments, which give clarity on the energy 

requirements of renal processes. Imaging techniques like 

confocal microscopy allow for the observation of tubule 

structure and protein localization. Histological staining, such 

as Hematoxylin and Eosin (H&E), is used to examine the 

tubule morphology. Reactive oxygen species (ROS) assays to 

detect oxidative stress levels, while apoptosis assays, like the 

TUNEL assay, are done to evaluate cell death. Further, 

protein quantification through Western blotting and 

localization through immunohistochemistry contribute to 

understand the normal functioning of the renal system in fly. 

These comprehensive approaches enable a detailed analysis 

of renal physiology under normal conditions in the fly 

model44,45. 

 For renal toxicity study nephrotoxic compounds, such 

as cisplatin, cadmium or any drug of interest which are 

incorporated into the fly food at specific concentrations, with 

cisplatin, for example, being used at 10-50 µM. Adult flies are 

exposed to this treated media for a set period, ranging from 

24 hours to several days based on acute and chronic toxicity 

study. After exposure, the malpighian tubules, are dissected 

for further analysis. Further various biochemical assays are 

performed for toxicity analysis46. 

Drosophila as a model organism for genetic renal disorders 

Using Drosophila melanogaster as a genetic model to study 

renal diseases such as cystic kidney disease, hereditary renal 

carcinoma, nephrotic syndrome, hereditary nephrolithiasis, 

and human glomerulopathies involves several key steps to 

replicate these conditions and understand their various 

underlying mechanisms (Figure 3). First, identify drosophila 

genes that are homologous to human genes implicated in 

these renal diseases. For cystic kidney disease, homologous 

genes such as PKD1 and PKD2 are identified; for hereditary 

renal carcinoma, genes like VHL and MET are studied; 

nephrotic syndrome involves genes like NPHS1, NPHS2, WT1, 

and LAMB2; hereditary nephrolithiasis includes genes such as 

SLC26A1, CLDN16 and CLDN19; and for human 

glomerulopathies, genes like COL4A3, COL4A4, COL4A5 and 

PODXL are of interest47. Second either use available mutants 

or employ genome editing techniques like CRISPR-Cas9 to 

generate knockouts of these genes in drosophila48. Genetic 

manipulation follows, where gene expression can be knocked 

down using RNA interference (RNAi) or overexpressed using 

the UAS-GAL4 system, enabling the modeling of both loss-of-

function and gain-of-function scenarios49. Flies are then 

genetically crossed to create specific mutations or 

combinations of mutations relevant to these diseases, such 

as mimicking the development of hereditary renal carcinoma 

or the formation of kidney stones (nephrolithiasis).  

 Further to validate the model, the drosophila 

malpighian tubules, analogous to human renal tubules, are 

examined for relevant changes, including cystic formations, 

neoplastic growth or other morphological alterations through 

phenotypic analysis and histological staining. Functional 

assays are conducted to measure fluid secretion rates and 

study ion transport defects, as these are often disrupted in 

renal diseases like nephrotic syndrome and 

glomerulopathies. At the molecular level, expression profiling 

through qPCR, Western blotting or RNA sequencing is 

performed to analyze key genes involved in disease 

pathways, including those regulating ciliary function, cell 

proliferation, apoptosis, glomerular function and kidney 

Figure 3: Different mechanisms which could be studied using drosophila as a genetic model for renal research 
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stone formation. Immunostaining is also used to localize 

proteins within the tubule cells, which is particularly 

important for studying glomerulopathies and nephrotic 

syndrome. Finally, the drosophila model serves as a platform 

for drug screening, where therapeutic compounds are tested 

for their effect on reducing cyst formation, preventing tumor 

growth, or mitigating nephrotic symptoms. Additionally, 

genetic screens may be conducted to identify other genes or 

pathways that could modify the disease phenotype, 

potentially revealing new therapeutic targets50,51,52. This 

comprehensive approach allows for detailed study across a 

range of renal diseases and aids in the development of 

treatments. 

Generation of renal disease phenotypes in drosophila 

models through diet or chemical-induced methods 

Drosophila melanogaster could be used as a model for 

studying kidney diseases via dietary or chemical induction, 

through the selection of appropriate dietary components or 

chemical agents capable of specifically inducing the kidney 

disease of interest. For chronic kidney disease (CKD), use 

chemicals like nephrotoxins that mimic the effects of 

prolonged kidney damage. For diabetic nephropathy, 

introduce high-fat diet or sucrose or streptozotocin to induce 

metabolic conditions similar to diabetes. To model kidney 

stones, expose flies to elevated calcium or oxalate levels, 

which can lead to stone formation in the renal-like 

malpighian tubules. For acute kidney injury (AKI), administer 

acute nephrotoxins or stressors that cause acute damage to 

renal structures. To induce hypertensive nephrosclerosis, use 

of chemicals that induce hypertension or elevate blood 

pressure in the flies53,54. 

 Further, upon chemical exposure, carefully monitor 

the drosophila for structural changes in malpighian tubules 

such as cyst formation, tubular dilation, or cellular damage. 

Further perform histological staining techniques 

(Hematoxylin and Eosin), to assess structural abnormalities. 

To measure alterations in fluid secretion rates and ion 

transport, functional assays are done. Additionally, gene 

expression and protein localization could be analyzed to the 

impact of chemicals on molecular pathways associated with 

kidney disease. Finally, therapeutic compounds should be 

tested to evaluate their effectiveness in mitigating disease 

symptoms, providing insights into possible treatments for 

human kidney disorders55,56,57 (Figure 4). 

 

Conclusion   

The use of drosophila as a model organism in Ayurvedic 

renal research offers a promising avenue for understanding 

the molecular and genetic underpinnings of kidney function 

and disease. The evolutionary conservation of key 

physiological processes between flies and humans makes 

drosophila an effective and efficient model for studying 

renal physiology, toxicity, and various disease conditions. By 

integrating this model with Ayurvedic principles, 

researchers can bridge traditional and modern medicine, 

enhancing the validation and scientific credibility of 

Ayurvedic treatments for renal pathology. 

 

 

 

Figure 4: Work flow for drosophila as a model to study diet or chemical induced renal diseases 
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Limitations 

Ayurvedic formulations, known for their multi-herbal 

compositions present a challenge in isolating specific active 

principles due to the synergistic nature of their ingredients. 

The complex interaction between these bioactive 

compounds and the antagonistic effects of certain 

phytochemicals can complicate the translation of findings 

from the simplified drosophila Malpighian tubule system, 

which lacks the structural and functional complexity of 

human nephrons. Moreover, variability in methodology and 

dosage in Ayurveda limits the reproducibility and 

standardization for scientific validation, making it difficult to 

correlate results with human renal pathophysiology.  

 

Future Prospects 

The future integration of Rasayana with drosophila genetic 

models can provide a promising avenue for mimicking 

human kidney conditions and exploring their therapeutics in 

kidney disorders. Advanced tools like CRISPR can help 

simulate Dosha imbalances in drosophila, allowing for 

targeted Ayurvedic interventions. By combining fly-based 

studies with more complex in vivo models and human 

clinical data, and by focusing on the synergistic effects of 

formulations researchers can develop evidence-based, 

personalized treatments that align with both Ayurvedic 

principles and modern medicine, paving the way for a 

smoother preclinical-to-clinical transition. 
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