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Abstract 
Exposure to drugs and chemicals often results in toxicity to living organisms. Drugs and chemicals are a 
common source of kidney injury. Compared with 30 years ago, the average patient today is older, has more 
comorbidity, and is exposed to more diagnostic and therapeutic procedures with the potential to harm kidney 
function. Therefore, successful prevention requires knowledge of pathogenic mechanisms of renal injury, 
patient related risk factors, drug-related risk factors, and rapid screening procedures by which we can access 
the potential agents with nephrotoxicity. In vitro methods have been invaluable in helping to understand the 
mechanisms of well-established nephrotoxins. In vitro methods offer a rapid and economical method of 
screening specific cell types for specific effects. This insight has also been used to help screen new chemicals 
for their potential nephrotoxicity. In vitro technologies are advancing rapidly, improving the scientific 
validity of this approach, and extending their use. The future is therefore one in which more in vitro 
techniques will be used, better to answer questions regarding how to understand disease and improve health 
for animals and humans. 
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INTRODUCTION 

Exposure to drugs and chemicals often results 
in toxicity to living organisms. We must 
recognize the fact that not all compounds are 
equally toxic to all parts of a living system 
because the toxic actions of many compounds 
are manifested in specific organs. These 
organs are known as target organs of toxicity. 
[1].Drugs /chemicals are eliminated primarily 
by the kidney, lung, and/or liver. 
Consequently, these organs are frequently 
targets for toxicity produced by a variety of 
chemicals.  The kidney may be much more 
susceptible than other organs to the toxic 
effects of a variety of chemicals for a number 
of reasons. The kidneys comprise only 0.4% 
of the body weight in most mammals, but 
receive 20-25% of the cardiac output, which 
ensures a high level of Xenobiotic delivery 
over a period of time, especially to the renal 
cortex which receives over 90% of the renal 
blood flow.” Furthermore, the ability of the 
kidney to concentrate tubular fluid may 
enhance toxicity due to increased xenobiotic 
concentrations. Additionally, specialized 
functions of the proximal tubular cells may 
enhance toxicity in one or more of the  

 
following ways, all of which contribute to 
high intracellular concentrations of potentially 
toxic xenobiotics. Among them are Solutes 
reabsorbed by passive or active mechanisms 
pass through the tubular cells and direct 
secretion of many organic compounds into the 
tubular lumen by organic acid or base 
transport mechanisms, hence passing through 
or accumulating within the proximal tubular 
cells, exposing those cells to very high 
concentrations. Concentrating capability of 
the tubule produces high concentrations in the 
medullary lumen and interstitium. A large 
biotransformation capacity results in High 
metabolic rates and workload increases the 
sensitivity to toxicants. Metabolic alteration 
(biotransformation enzymes) may produce 
highly toxic metabolites or reactive 
intermediates. Additionally kidneys are 
Sensitive to vasoactive compounds and have 
large luminal membrane surface area, and 
Baseline medullary hypoxia. Even Metabolic 
alteration (biotransformation enzymes) may 
produce highly toxic metabolites or reactive 
intermediates which can serve as 
nephrotoxicants. [2], [3]. 
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Table 1: Groups of Nephrotoxic compounds to which humans are exposed 
Antibiotics: Aminoglycosides 
(Gentamicin, Tobramycin, Amikacin, 
Netilmicin), Amphotericin B 
,Cephalosporins, Ciprofloxacin, 
Demeclocycline, Penicillins, 
Pentamidine, Polymixins, Rifampin, 
Sulfonamides, Tetracycline, 
Vancomycin, Quinolones, Vancomycin, 
amphotericin B 

Other drugs 
Acetaminophen,Halothane,Methoxyfl
urane, Cimetidine,  Hydralazine, 
Lithium, Lovastatin, 
Mannitol,Penicillamine, 
Procainamide, Thiazides, Lindane, 
Clopidogrel ,  Ticlopidine, 
Amitriptyline, doxepin 

Organic Solvents And Chemicals 
Ethylene Glycol, Carbon 
Tetrachloride,Unleaded Gasoline, 
Bipyridyl Herbicides 
Potassium Dichromate, D-Serine, 
Hexachloro 1,3 Butadiene, 
Chloroform 

Chemotherapeutic agents 
Adriamycin 
Cisplatin,carboplatin 
Methotraxate 
Doxorubicin 
Mitomycin C, sulfonamides, 
Nitrosoureas 
(eg, streptozotocin, Iomustine) 

Plant toxins 
Chinese herbals with aristocholic acid 
Antihistamines 
Diphenhydramine, doxylamine 
Mycotoxins 
Aflatoxins, Ochratoxin A 
Citrinin  

Radiocontrast media 
Ionic  
(eg, diatrizoate, iothalamate) 
Nonionic (eg, metrizamide) 
Recombinant peptides 
Interferon-alfa 
Immunosuppressive agents 
Cyclosporin A, Tacrolimus 

Antiviral agents 
Acyclovir, Cidovir, Foscarnet 
Valacyclovir, Ganciclovir,Foscarnet 
Angiotensin receptor antagonists 
Losartan 

Endogenous compouns 
Myoglobin, Hemoglobin, 
Calcium,Uric acid, Oxalate, Cystine 
 

Drugs of abuse 
Cocaine, heroin, ketamine, 
methadone, methamphetamine 
Proton pump inhibitors 
Lansoprazole, omeprazole , 
pantoprazole 

Angiotensin-converting enzyme 
inhibitors:  
Captopril, Enalopril 
Lisinopril 
  

Heavy Metals 
Cadmium 
Gold, Mercury, Lead ,Arsenic, 
Bismuth, Uranium,Chromium 
Germanium 

Nonsteroidal anti-inflammatory 
drugs (NSAIDs):Ibuprofen, 
Naproxen,Indomethacin,Meclofene
mate,Aspirin,Piroxicam 

 
 
Table 2: Different approaches to investigate nephrotoxicity in vitro 
Technique for assessing nephrotoxicity Advantages and limitations 

Anatomical relationship between cells maintained 
Perfusion, micropuncture 
 

Technically difficult, requires sophisticated equipment, subject to artefact in 
inexperienced hands and difficult to interpret

Slices 
 

Technically easier, no sophisticated equipment, less artefact and easier to 
interpret 

Glomeruli and tubular fragments 
Technically easy, some sophisticated equipment subject to artefact and easy 
to interpret 

Anatomical relationship between cells lost 

Freshly isolated cells 
 

Dispersal may damage cells and make it difficult to establish their 
anatomical identity unless there are clearly defined histochemical and 
immunocytochemical markers. Isolated cells are generally mixtures but may 
be enriched. Must be used within a few hours 

Primary cell cultures 
 

De-differentiate rapidly or change characteristics which may obfuscate their 
anatomical origins. Loss of a key biochemical characteristic may invalidate 
in vitro studies or alter sensitivity and selectivity 

Established renal cell lines 
Properties reminiscent of specific parts of the nephron. Often 
heterogeneous. Need to be characterized more systematically 

Cell-free systems 
Vesicles, nuclei, lysosomes and 
microsomes 

Study subcellular distribution, interactions between cellular compartments 
and a chemical, and the kinetics of binding or release of substances. Enzyme 
inhibition, metabolic activation, covalent binding and modulation of 
lipid peroxidation using purified or commercially available chemicals with 
appropriate cofactors 
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