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ABSTRACT  

Kidneys are bean shaped organs that remove toxins, maintain homeostasis and purify blood are major functions 

of kidneys. Nephrotoxicity is result of impaired function brought on by endogenous or exogenous agents which 

impairs kidney functions. Toxins which exhibit nephrotoxicity are nephrotoxins. Nephrotoxins include anti-

cancer drugs, anti-biotics, heavy metals etc. Nephrotoxic diseases include Acute and Chronic kidney injury 

(CKI), Glomerular nephritis (GN), Nephrotic syndrome, Crystal nephropathy, Rhabdomyolysis. Symptoms 

include edema, oliguria, hematuria, azotemia. Mechanisms include Glomerular dysfunction, Tubular cell 

cytosis, Glomerular nephritis. Nephrotoxicity is diagnosed through eGFR (Glomerular Filtration Rate), blood 

tests such as serum creatinine, blood urea nitrogen (BUN), Urine test, Kidney Ultrasound, Kidney Biopsy. 

Nephrotoxicity is managed through regulation of blood pressure, diabetes, hyperlipidemia, diet and managing 

nephrotoxins. Recent advances in nephrotoxicity include Artificial nephrotoxins, Xenotransplantation, Gene 

editing, Stem cells.  
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INTRODUCTION 

Nephrotoxicity is the result of impaired kidney function brought on by endogenous or exogenous toxicants, 

which impairs kidney-specific detoxification and excretion. The kidneys, which are particularly vulnerable to 

xenobiotics because they are the primary control system for preserving the body’s homeostasis, are frequently 

the target of drug toxicity.(1)Substances that exhibit nephrotoxicity are called as nephrotoxins. Drugs can impact 

renal function in multiple ways and there are different types in them.(2)Many medications are nephrotoxic and 

are used to treat and manage a variety of conditions such as diabetes, hypertension, and other illnesses. These 

substances belong to various classes of drugs. The usage of these drugs leads to a significant change in GFR 

(Glomerular filtration rate) which leads to one of the following diseases: 
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1.Acute and Chronic Kidney Injury 

2.Proximal renal tubular acidosis 

3.Acute and Chronic Interstitial nephritis 

4.Crystal Nephropathy 

5.Nephrotic syndrome 

6.Golmerularnephritis 

7.Rhabdomyolysis  

1.Acute and Chronic Kidney Injury:  

It is a condition in which kidney function gradually declines and renal replacement therapy (dialysis or 

replacement) is necessary.  

2.Proximal Renal Tubular Acidosis:  

Reduced rate of Bicarbonate HCO3- reabsorption in proximal tubule without changes to other solute transport 

characterizes the Proximal Renal Tubular Acidosis, an isolated impairment in tubular transport of bicarbonate.(3) 

3.Acute and Chronic Interstitial Nephritis: 

 It is a histologic condition with progressive tubulointerstitial scarring, interstitial fibrosis, tubular atrophy, and 

macrophage and lymphocytic infiltration.(4) 

4.Crystal Nephropathy:  

The histologic discovery of intrarenal crystal deposition is called as crystal nephropathy.(5) 

5.Nephrotic Syndrome:  

Nephrotic syndrome is distinguished by large proteinuria.(6) 

6.Glomerularnephritis:  

It is characterized by the inflammation of glomeruli.(7) 

7.Rhabdomyolysis: 

 A well-known clinical syndrome of muscle injury linked to myoglobinuria, abnormal electrolytes and 

frequently acute kidney injury.(8) 

CAUSES OF NEPHROTOXICITY  

Nephrotoxicity is caused due to 

 Anticancer drugs 

 Antibiotics 

 Heavy metals 

 Analgesics 
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 Herbicides and pesticides 

 Hypertension  

 Diabetes  

 Over production of Uric acid(9) 

SYMPTOMS OF NEPHROTOXICITY 

 Edema 

 Hypocalcaemia 

 Hypertension 

 Oliguria 

 Haematuria  

 Azotemia 

 Sleep disturbances 

 Fatigue and weakness 

 Decreased synthesis of erythropoietin (10) 

 

MECHANISMS OF DRUG NEPHROTOXICTY 

1.Glomerular Dysfunction 

Glomerular filtration rate for young, healthy individual is 120ml/min. Kidneys regulate blood flow in afferent 

and efferent arteries to maintain or change intraglomerular pressure, which allows them to maintain a steady 

filtration rate and urine displacement. The afferent artery is expanded by Prostaglandin circulation, thus 

medications such as anti-prostaglandin that are NSAIDS (Non-steroidal anti-inflammatory drugs) and 

medications with anti-angiotensin activity for prevention of blood pressure elevation are found to induce 

nephrotoxicity.(11,12) 

2.Tubular Cell Cytosis 

During the process of concentration and reabsorption through the glomerulus, renal tubules particularly the 

proximal tubule cells are exposed to medications, hence drug toxicity has a impact on them. Cytotoxicity is 

caused by damaged tubule mitochondria, a disrupted tubular transport mechanism and a rise in oxidative stress 

due to the production of free radicals. Aminoglycoside antibiotics like gentamycin and anticancer medication 

such as cisplatin induce nephrotoxicity.(13,14) 

3.Glomerularnephritis  

Glomerular nephritis and acute and chronic interstitial inflammation are two types of inflammation that damage 

the kidney. It has been demonstrated that proteinuria and glomerular nephritis are closely related conditions(15). 

NSAIDS and anti-bacterial medications like rifampicin, can cause acute interstitial nephritis(13). Long term use 

of Lithium and some anti-cancer drugs can cause chronic interstitial nephritis.(16,17) 
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4.Nephrolithiasis 

Medications that cause insoluble crystals in human urine can also induce renal dysfunction. The concentration 

of drug and urine’s acidity both affect the production of insoluble crystals. Medications that cause crystal 

deposition include antiviral medications and antibiotics.(18,19)   

5.Rhabdomyolysis 

When skeletal muscle is damaged owing to an accident, a condition known as rhabdomyolysis occurs, where 

the contents of muscle fibres are released into blood stream. Serum creatinine kinase and myoglobin are released 

into blood stream when kidney muscle cells breakdown as a result of kidney injury to the muscle. Myoglobin 

released into blood stream weakens andinhibits the kidney’s ability to filter substances, leading to acute tubular 

necrosis or renal failure. Heroin, methadone, methamphetamine and alcoholism cause rhabdomyolysis.(20–22)  

DIAGNOSIS OF KIDNEY DISEASES  

The diagnosis of kidney disease is done through the following tests: 

1.eGFR (estimated glomerular filtration rate)  

The estimated glomerular filtration rate or eGRF is a gauge for kidney function. The age, sex and body type are 

taken into consideration while performing this test. Blood test is done to estimate the eGRF. 

Doctors consider the eGRF is trustworthy test for determining the renal function. How ever if one is over- 

weight, pregnant, highly muscular and below 18 years old the eGRF may not be correct to identify the kidney 

disease. To identify the underlying cause of kidney disease, additional tests like an ultrasound of kidney or 

kidney biopsy might be prescribed. 

2.Blood Tests 

a. Serum Creatinine 

Creatinine is byproduct comes from blood through muscles, kidney filters this through urine. 

The amount of creatinine present in the blood is determined by blood test which also determines the serum 

creatinine level. This test provides information on efficiency of kidney. The serum creatinine levels rises when 

kidney is not functioning well. 

b. Blood Urea Nitrogen (BUN) 

An assessment of urea nitrogen in blood is the foundation for determining the blood urea nitrogen level. The 

body produces urea nitrogen as waste product when it breaks down the protein. Urea Nitrogen is eliminated 

from blood by healthy kidneys. The  BUN level rises when there is renal function failure. 

3.Urine Test 

During urine test little amount of urine is examined by doctor to look for indications of kidney disease and other 

issues. Protein leakage into urine is a possible consequence of renal injury. This can be among the first indication 

of kidney illness. 
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 Urine Test is done to know the  

 Calculate renal function. 

 Discover the stage of kidney illness 

 Looks for issues like anaemia, metabolic acidosis etc 

 A kidney infection or UTI (urinary tract infection)   

4.Kidney Ultrasound  

Ultrasonography is a method to examine the kidney. A kidney ultrasound also called as renal ultrasound, is a 

painless, safe procedure that creates images of kidneys using sound waves. The Ultrasound reveals  

Something unusual about kidney’s size or shape  

 Kidney blood flow 

 Indications of renal damage or injury 

 Tumours or cysts or kidney stones 

 Bladder, organ that stores urine before it is expelled from the body. 

5.Kideny Biopsy 

A kidney biopsy can assist a physician in determining the cause, severity and most effective course of treatment 

for a kidney issue. An evaluation by clinician is recommend a kidney biopsy if 

 Urine with blood (Haematuria) 

 Urine with Protein (Proteinuria) 

 Kidney illness without cause  

 Nephrotic syndrome 

 Glomerulonephritis   

Also, the doctor suggests kidney biopsy if  

 The kidney condition is being treated effectively 

 Kidney damage occurs that cannot be repaired 

 In case of kidney cancer 

 In rare type of kidney disease, to find out the root cause. (23) 

MANAGEMENT OF KIDNEY DISEASES  

1.Regulation of Hypertension 

One of the main causes of kidney disease is hypertension, which leads to the chronic kidney disease and 

glomerular diseases. The burden of the hypertension lies on kidney as result kidney disease occurs, which can 

be reduced by raising actions to provide awareness, treatment, control. These actions include screening, the use 

of recommended therapies and the use of diuretics with or without angiotensin-converting enzyme (ACE 

Inhibitors) or angiotensin receptor blockers (ARB) or calcium channel blockers.(24,25) 
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2.Regulation of Diabetes  

Due to high prevalence of obesity, diabetes is the primary cause of kidney disease worldwide, particularly in 

developed nations. According to data from IDF, the prevalence of diabetes is worldwide is expected to reach 

10.9% (700 million) by 2045.The recommended course of treatment for diabetes is aiming for a HbA1c of less 

than 7.0% in order to postpone or avoid microvascular problems. If an eGFR of less than 30ml/min/1.72 m2 is 

present it is recommended to adjust the dose or stop taking medications like metformin. Despite the fact that 

more recent medications, including SGLT-2 inhibitors, have significantly improved mortality, cardiovascular 

and renal outcomes. It’s critical that common pharmaceutical treatments like insulin and ACE-I as well as 

lifestyle interventions like weightloss, exercise and quitting smoke, alcohol.(25) 

3.Regulation of Hyperlipidaemia 

Patients with glomerular nephritis can also experience accelerated vascular Chronic kidney Injury, newer 

research indicates that certain glomerular illness have been associated with hyperlipidaemia. while statins 

have been long used to treat hyperlipidaemia and are effective in doing so, it is possible that goal values will 

not be met, particularly in current era of very low-density lipoprotein levels. Kexin 9 inhibitors are novel 

potent medications that require further study in treating Glomerular nephritis.(24) 

4.Avoidance of Nephrotoxins and Drug dose 

Raising awareness about potential negative effects of uncontrolled herbal treatments on kidney illness is crucial, 

as they have been linked to kidney damage. Additionally, doctor should regularly examine patient prescriptions 

for possible nephrotoxins and advise everyone to abstain from using any medications, especially NSAIDs are 

frequently available. As CKD (chronic kidney disease) is a major risk factor for contrast induced nephropathy, 

precautions should be considered while utilising iodinated contrast medium in individuals with the disease. 

some examples of such precautions are the use of N-acetylcysteine, volume expansion using intravenous 

bicarbonate or isotonic saline, restricting the amount of dose of contrast medium and stopping any concurrent 

drugs that raise the risk acute kidney injury. (24,25) 

5.Diet and Nutrition 

According to KIDGO guidelines, protein consumption in adults with CKD should be decreased to less than 

0.8g/kg per day and in other adult patients with CKD at risk of progression, to a fewer than 1.3g/kg per day. It 

is important to weigh the potential advantages of dietary protein restriction against the risk of accelerating 

protein wasting syndrome/malnutrition. Reduced acid loading in the diet (eating less eggs, meat and more fruits 

and vegetables) may also prevent kidney damage. Patients with fluid overload, hypertension are advised to 

follow low sodium  

RECENT ADVANCES IN TREATING THE KIDNEY DISEASES 

 1.Wearable Artificial Kidneys (WAK) 

The wearable artificial kidney (WAK) is a cutting- edge method of renal replacement therapy that aims to 

enhance the quality of life for patients by providing better haemodynamic stability, mobility and continuous 
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toxin clearance without accumulation during inter-dialysis periods of all of which are characteristics of a healthy 

kidney .Pumping system, a dialysate regeneration system are the bare minimum of WAK.5 types of WAK are 

present , out of 3 are used to be complicated process but less complicated than dialysis, now the current WAK 

weighs 5kgs and have small batteries that avoid usage of electricity, advanced filtration materials and permeable 

membranes make this device usage as it is hassle free method for patient.   

2.Xenotransplantation: A old concept revised  

Xenotransplantation involves transfer of organs from other species. Because of their short maturation time, low 

danger of Xeno zoonosis, advancement in bioengineering studies and relative physiology and size similarity to 

humans, pigs are a popular choice as a source for kidneys. Two clinical results from 2022 look promising. To 

prevent rejection, both kidneys from 10 pigs with 10 gene alterations were transplanted in a braindead patient. 

The Transplanted kidneys were unable to eliminate creatinine at physiological levels, histological evidence 

revealed evidence of thrombotic microangiopathy with no evidence of cellular rejection or deposition of 

complement or anti-body protein. How ever there was no sign of hyperacute rejection and stable urine output 

for 72 hours until the trail termination. Within minutes of donation GFR dramatically increased in two other 

genetically altered pig-to-human kidney transplant class. The result of kidney samples taken at six, twenty-four, 

forty-eight and fifty-two hours after transplantation showed no evidence of hyperacute or anti-body rejection. 

The follow up periods was however only fifty-four hours only. All things considered; these cases show that anti-

body mediated hyperacute reactions can be avoided. Though the procedure appeared to be successful at first the 

recent death of the recipient of first ever heart transplant from genetically modified pigs-likely due to porcine 

virus-adds a note on caution to the current limitations for understanding the procedures and their 

complications.(26) 

3.Stem Cells  

By promoting kidney regeneration, stem cell therapies are thought to be viable therapeutic approach for 

treatment of chronic kidney disease (CKD). Regenerative stem/progenitor cells, mesenchymal stem/stromal 

cells and induced pluripotent stem cells among others are increasingly shown to replace damaged tissues and 

alter important paracrine pathways in order to treat CKD. However more research is required to confirm the 

long-term safety and acceptability of therapies as well as to comprehend the dangers of fibrosis, mal-

differentiation or tumour formation as well as side effects associated with immunosuppressants. 

4.Gene Editing  

 Unlike traditional gene therapy methods, precise editing or repair of specific diseases causing mutations is 

possible with state-of-art technology called clustered, regularly interspaced short palindromic repeats (CRISPR) 

gene editing. This technology is not only a promising tool for research but also have great potential for use in 

gene therapy. To be more precise, CRISPR have been investigated as a potential treatment for immune mediated 

kidney illness such as immunoglobulin A nephropathy and lupus nephritis, in which the T cell receptors are 

modified to recognise particular antigens. In addition, efforts are being made to address the organ scarcity by 
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using CRISPR-Cas gene editing to modify genes in large domestic species that are critical to kidney 

transplantation.(27)   
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