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Nephrotoxicity

 The major groups of nephrotoxicants are heavy metals, antibiotics, analgesics, and 

certain halogenated hydrocarbons.

 All parts of the nephron are potentially subject to the detrimental effects of 

toxicants. 

 However, most toxicants preferentially affect specific parts of the kidney.



Site-Selective Injury

 Many nephrotoxicants have their primary effects on discrete segments or regions 

of the nephron. 

 For example, the proximal tubule is the primary target for most nephrotoxic 

antibiotics, antineoplastics, halogenated hydrocarbons, mycotoxins, and heavy 

metals.

 Whereas the glomerulus is the primary site for immune complexes, the loop of 

Henle/collecting ducts for fluoride ions, and the medulla/papilla for chronically 

consumed analgesic mixtures.



The kidney anatomical areas

 Nephron is the functional unit of the kidney, processes of glomerular filtrate, facilitating 

reabsorption, and secretion of substance into urine filtrate.

 Renal cortex contains glomeruli, proximal and distal tubules, and peritubular capillaries. 

The cortex receives approximately 90% of the renal blood flow. 

 Renal medulla contains primarily loops of Henle, vasa recta, and collecting ducts. 

Although the medulla receives only about 6% of the renal blood flow, it may be exposed to 

high concentrations of toxicants within tubular structures.

 The papilla is the smallest anatomical portion of the kidney.  It receives only about 1% of 

the renal blood flow. 



The components of each nephron



Renal Vasculature and Glomerulus

 The renal artery branches successively into interlobar, arcuate, and 

interlobular arteries.

 The last of these give rise to the afferent arterioles, which supply the 

glomerulus; blood then leaves the glomerular capillaries via the efferent 

arteriole. 

 Both the afferent and efferent arterioles, arranged in a series before and 

after the glomerular capillary tuft, respectively, are ideally situated to 

control glomerular capillary pressure and glomerular plasma flow rate.

 Indeed, these arterioles are innervated by the sympathetic nervous system 

and contract in response to nerve stimulation, angiotensin II, vasopressin, 

endothelin, adenosine, and norepinephrine, affecting glomerular pressures 

and blood flow.



Proximal Tubule

 The proximal tubule is the workhorse of the nephron, as it reabsorbs 

approximately 60% to 80% of solute and water filtered at the glomerulus. 

 The proximal tubule contains numerous transport systems capable of 

driving concentrative transport of many metabolic substrates, including 

amino acids, glucose, and citric acid cycle intermediates.

 Water reabsorption is through a passive iso-osmotic process, driven 

primarily by Na + reabsorption, mediated by the Na+ , K + -ATPase 

localized in the basolateral plasma membrane. 

 In addition to active Na + reabsorption, the proximal tubule reabsorbs 

other electrolytes, such as K + , HCO 3 , Cl , PO , Ca , and Mg .



Loop of Henle

 Approximately 25% of the filtered Na + and K + and 20% of the filtered 

water are reabsorbed by the segments of the loop of Henle.

 The tubular fluid entering the thin descending limb is iso-osmotic to the 

renal interstitium; water is freely permeable and solutes, such as 

electrolytes and urea, may enter from the interstitium. 

 In contrast, the thin ascending limb is relatively impermeable to water and 

urea, and Na + and Cl are reabsorbed by passive diffusion.

 The thick ascending limb is impermeable to water, and active transport of 

Na + and Cl is mediated by the Na+ /K + –2Cl cotransport mechanism.



Function of the Renal System

i. Elimination of metabolic wastes(urea, uric acid, creatinine) and drugs and their 

metabolites .

ii. Regulation of body homeostasis, regulating extracellular fluid volume, and 

electrolyte balance.

iii. Synthesis of hormones that affect metabolism: activation of vitamin D and 

regulation of calcium and phosphate.

iv. Regulation blood pressure through renin-angiotensin-aldosterone mechanism.

v. Production of erythropoietin for production red blood cells in bone marrow. 



The  clinically to diagnose kidney damage 

are

1.Increases in urinary glucose, amino acids, or protein.

2.Changes in urine volume, osmolarity, or pH.

3.Similarly changes in blood urea nitrogen (BUN), plasma creatinine. 

and serum enzymes can be indicative of kidney damage.



EXAMPLES OF NEPHROTOXICANTS

 Many heavy metals are potent nephrotoxicants, and relatively low doses 

can produce toxicity characterized by: glucosuria, aminoaciduria, and 

polyuria.

 After low dose exposure and often before detectable signs of developing 

nephrotoxicity  significant concentrations of metal are found bound to 

renal lysosomes.

 Exposure to high concentrations, however, may overwhelm these 

mechanisms, resulting in tissue damage.



Cadmium

 In humans, chronic exposure to cadmium is primarily through food or industrial exposure 

to inhalation of cadmium dust.

 Cadmium has a long biological half-life, 10-12 years in humans; thus low-level chronic 

exposure will eventually result in accumulation to toxic concentrations.

 Cadmium is excreted in the urine mainly as a complex (CdMT) with the protein 

metallothionein (MT). MT is a low molecular weight protein synthesized in the liver.

 Cadmium produces proximal tubule dysfunction and injury characterized by increases in 

urinary excretion of glucose, amino acids, calcium, and cellular enzymes. 

 This injury may progress to a chronic interstitial nephritis.



Lead

 Taken up readily by proximal tubule cells, where it damages mitochondria and 

inhibits mitochondrial function, altering the normal absorptive functions of the 

cell. 

 Complexes of lead with acidic proteins appear as inclusion bodies in the nuclei of 

tubular epithelium cells. 

 These bodies, formed before signs of lead toxicity occur, appear to serve as a 

protective mechanism.



Mercury

 Exerts its principle nephrotoxic effect on the membrane of the proximal tubule 

cell. 

 In low concentrations, mercury binds to the sulfhydryl groups of membrane 

proteins and acts as a diuretic by inhibiting sodium re-absorption.

 Organomercurial chemicals have been implicated as environmental pollutants, 

responsible for renal damage in humans and animals.



Hexachlorobutadiene

 is an industrial solvent and heat-transfer agent. 

 It is a widespread environmental contaminant that is a potent and relatively 

specific nephrotoxicant. 

 It first forms a glutathione conjugate, which is further metabolized by the 

mercapturic acid pathway to a cysteine conjugate. 

 In the kidney, the cysteine conjugate is cleaved to a reactive intermediate by the 

enzyme, cysteine conjugate β-lyase.



Tetrafluoroethylene

 The nephrotoxic mode of action of tetrafluoroethylene is similar to that of 

hexachlorobutadiene.

 It is first metabolized to a cysteine conjugate, which is metabolized by cysteine 

conjugate β-lyase to a reactive product that can bind to cellular macromolecules.

 the proximal tubule necrosis, which is the primary cellular target for haloalkenes

and haloalkanes,



Chloroform

 The primary cellular target is the proximal tubule, with no primary damage 

to the glomerulus or the distal tubule.

 Proteinuria, glucosuria, and increased BUN levels are all characteristic of 

chloroform- induced nephrotoxicity.

 Chloroform is metabolized to phosgene by a cytochrome P450-dependent 

reaction, probably proceeding via an unstable hydroxylated product, 

trichloromethanol. 

 Phosgene is capable of binding to cellular proteins to produce the cellular necrosis 

associated with chloroform toxicity to the kidney.



Acetaminophen

 Large doses of the antipyretic and analgesic acetaminophen (APAP) 

cause nephrotoxicity in humans and animals.

 APAP nephrotoxicity is characterized by proximal tubular necrosis with 

increases in BUN and plasma creatinine; decreases in GFR.

 increases in the fractional excretion of water, sodium, and potassium; and 

increases in urinary glucose, protein, and brush-border enzymes.



Nonsteroidal Anti-Inflammatory Drugs

 NSAIDs such as aspirin, ibuprofen, naproxen, indomethacin, and 

cyclooxygenase- 2 inhibitors (eg, celecoxib).

 Used as analgesics and anti-inflammatory drugs and produce their 

therapeutic effects through the inhibition of prostaglandin synthesis.

 When the normal production of vasodilatory prostaglandins (eg, PGE 2 , 

PGI 2 ) is inhibited by NSAIDs, vasoconstriction induced by circulating 

catecholamines and angiotensin II is unopposed, resulting in decreased 

GFR and oliguria.



Aminoglycosides

 The aminoglycoside antibiotics are drugs of choice for many gram-negative 

infections, their use is primarily limited by their nephrotoxicity.

 Aminoglycosides are polar cations that are filtered by the glomerulus and excreted 

unchanged into the urine.

 In the proximal tubule, the aminoglycosides are reabsorbed by binding to anionic 

membrane phospholipids, followed by endocytosis and sequestration in 

lysosomes.

 It is thought that when a threshold concentration is reached, the lysosomes 

rupture, releasing hydrolytic enzymes that cause tissue necrosis and cell death.



Others therapeutic Agents

 Amphotericin B is a very effective antifungal agent whose clinical utility is 

limited by its nephrotoxicity that it impairs the functional integrity of the 

glomerulus and of the proximal and distal portions of the nephron.

 Cisplatin damage many parts of the nephron tubules in patients taking this 

chemotherapeutic agent. 

 Cyclosporine is an important immunosuppressive agent and is widely used to 

prevent graft rejection in organ transplantation, causes acute renal dysfunctions 

and chronic nephropathy with interstitial fibrosis.


