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ABSTRACT 

Evidence for the safety of any new drug through pre-clinical trial is mandatory before human trials. Toxicity stud-

ies are among pre-clinical trials that ensure the drug has no acute/sub-acute or chronic toxic effect on any or-

gan/tissue/system. On the other hand, if a drug or combination is to be used to treat any organ damage, it must be 

tested for its organ protective activity in animals. Nephroprotective activity studies provide evidence that the trial 

drug has a protective/curative effect on the kidney; hence, it can be used as a treatment for renal diseases.  In prac-

tice, Wister albino rats are used as an animal model where the drug is tested for its nephroprotective activity 

against gentamycin-induced acute toxicity and cisplatin-induced chronic toxicity. If the test drug shows better re-

sults in serum markers and histopathological tests, it is said to have nephroprotective activity.   
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INTRODUCTION 

Kidneys are more susceptible to poisoning than any 

other organ in the body because of the variety and 

huge number of poisons that are delivered to them. 

By 2040, it is anticipated that kidney diseases will 

rank fifth in terms of causes of mortality.
1
 Nephrotox-

icity means damage to the kidneys by either any ex-

ogenous or endogenous toxins. The severity of toxici-

ty may range from reversible structural/functional 

damage to irreversible structural/functional loss, or it 

may be micro damage to that of system failure. The 

increased levels of BUN and creatinine biomarkers in 

the blood occur when the kidneys are damaged by 

around 30% - 59%, accompanied by anaemia and 

lethargy. These biomarkers may not always give the 
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exact idea about the extent of damage in the kidney. 

Even though the kidney can regenerate, with a cell 

damage rate of up to 50%, it will be difficult to re-

store its physiological functions normally. Hence, 

early detection of the extent of kidney damage is es-

sential in clinical practice.  

In recent years, unhealthy food and lifestyle 

and irrational use of medicines have increased the 

chances of renal damage.  Hence, any food or medi-

cine must be tested for its nephrotoxicity effect be-

fore marketing.  

Before the trial on humans, medicines are 

tested for their effect on the kidneys in 2 ways. The 

first is the nephron toxicity effect, and the second is 

the nephroprotective effect. As irrational use of med-

icine is one of the causes of nephrotoxicity, any new 

drug or combination must be tested for its nephrotox-

icity activity (as a part of general toxicity studies) 

before the clinical trial. The second test is a nephro-

protective activity, where the medicines used to treat 

acute or chronic, structural or functional kidney dam-

age are tested. Hence, the model for nephroprotective 

activity is essential and apt for the increasing inci-

dence of the disease.  

Nephrotoxicity studies and Nephroprotective ac-

tivity studies:  

Nephrotoxicity studies evaluate the toxic ef-

fect of any drug or combination on the kidney. These 

studies also give an idea regarding the dosage of a 

drug or combination that is toxic to the kidneys. They 

also show whether the drug/combination causes acute 

or chronic damage. Conversely, nephroprotective 

activity studies are planned to evaluate the protective 

effect of any drug/combination on the kidney against 

toxicity.   

There is an urgent need for safe and effective 

nephroprotective drugs which may rectify the damage 

to the kidney at different levels and in various ways. 

Hence, any drug/combination said to have a protec-

tive effect on the renal system through literature, or 

cell line studies can be tested for nephroprotective 

activity. The CPCSEA has guidelines for different 

toxicity studies.
2
 The model selected for testing 

nephroprotective activity is using rats.   

Models for the study: 

Nephroprotective activity study: There are two 

different models available for nephroprotective 

activity against acute toxicity and nephroprotec-

tive activity against chronic toxicity3. The purpose 

of this type of study is to check whether the trial 

drug has any nephroprotective activity against 

acute toxicity and chronic toxicity. Usually, any 

test drug is tried for both these types of toxicity stud-

ies. 

Prerequisite for acute and chronic toxicity study:  

(i)Animal ethics committee clearance: It is manda-

tory to get clearance from the study center’s animal 

ethics committee before the study's initiation. The 

ethics committee permits this based on the evidence 

in the literature and the initial cell line study report. 

(ii)Preparation of test sample: Any medicine, either 

a single drug or a combination of drugs, which is 

mentioned to have nephroprotective effects in the 

literature or proven in an In-Vitro trial, may be se-

lected as a trial drug. The medicine may be tested in 

this model, whether fresh or dry, in fresh juice, de-

coction, powder, or paste form. The trial drug pre-

pared in different forms, like ointment, syrup, gran-

ules etc, may also be tested. The trial drug adminis-

tered in different routes of drug administration, like 

oral, rectal, transdermal, vaginal, and so on, may be 

tested in this model. If the active extract of the trial 

drug is to be tested, then the ethanol extract may be 

prepared for the study. 

(iii) Selection of the animal model:  For nephropro-

tective activity, the standard animal model is Wister 

albino rats 
4
. 

• Inclusion criteria: A Wistar strain of albino rats 

of either gender, with a body weight range from 

200 to 300 gms, may be selected. They are ex-

posed to natural day and night cycles and kept at 

ambient temperature and humidity during the 

study. These animals are fed normal food and 

water as per the guidelines. 

• Exclusion criteria: Pregnant rats, diseased rats, 

and rats under other trials are excluded. 

(iv)Dose calculation: The human dose is used to cal-

culate the animal dose using Young’s formula 
5
.  
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For any formulation and any route of drug admin-

istration, the rat dose is calculated using this formula. 

a)Procedure for nephroprotective activity against 

chronic toxicity: 

For this study, a total of 24 rats were included. Usual-

ly, the study is done with a comparison of 4 groups, 

and each group must have a minimum of 6 rats. 

The selected 24 rats will be divided into four groups 

(6 rats each). 

• Group I—Normal control group: The rats in 

this group will be administered simple tap wa-

ter and a normal diet throughout the study. 

• Group II—Standard group: To induce ne-

phrotoxicity6, the rats will be injected with 

Gentamicin 80 mg./kg body weight intraperi-

toneally once daily for 8 days. The renal func-

tion tests in this group of rats will be consid-

ered the standard value in the study.   

• Group III—Trail/Test group: The rats will be 

injected with Gentamicin 80 mg./kg body 

weight intraperitoneally once daily for 8 days. 

The test drug in the calculated dose and route 

will be given for 15 days. The medicine in any 

form and any route of drug administration is test-

ed here. 

• Group IV: The rats will be injected with 80 

mg./kg body weight Intra peritoneal, once daily 

for 8 days. Once the toxicity features are set, the 

test drug in the calculated dose and route will be 

given for 8 or 15 days. 

On the 16
th

 day,   the rats from all the groups will be 

tested based on the following assessment parameters.  

• For blood investigation: 2 ml blood will be 

drawn from intra orbital sinus using microhema-

tocrit on the 8th day/16th day and used to estimate 

serum parameters. Commonly selected parame-

ters are Blood urea nitrogen,  Serum creatinine, 

Alkaline phosphatase,  Serum bilirubin, Serum 

uric acid and Cystatin C.  

• Biochemical parameters in the kidney homog-

enate are Lipid peroxidation, Glutathione con-

tent, Catalase activity, kidney injury molecule 1 

(Kim-1), Cystatin C and neutrophil gelatinase-

associated lipocalin (NGAL).  

• Urine tests like urinary protient(UP) and urine 

micro albumin (mALB) 

• Ponderal changes based on Body weight  / Heart 

weight   /    Kidney  weight  are noted 

• For histopathological studies: On the 16th day, 

the animal will be weighed and sacrificed by cer-

vical dislocation. The kidney will be dissected, 

weighed, and preserved for histopathological 

studies. 

• Group II values/ histopathological changes are 

considered standard values for the test group.  

The values/ histopathological changes obtained in 

the I and III groups are compared with Group II 

values.   

Some other drugs which may be used to induce dif-

ferent acute toxicity are 
7
  

• Glycerol-induced renal failure - closely mimics 

the rhabdomyolysis, ischemia-reperfusion-

induced ARF simulate the hemodynamic chang-

es-induced changes in renal functioning 

• Drugs such as gentamicin, cisplatin, NSAID - 

induced ARF mimic renal failure due to the clini-

cal administration of respective drugs 

• Uranium, potassium dichromate-induced ARF 

mimics the occupational hazard.  

• S-(1,2-dichlorovinyl)-L cysteine-induced ARF 

simulates contaminated water-induced renal dys-

function 

• Sepsis-induced ARF mimics the infection-

induced renal failure  

b) Procedure for nephroprotective activity against 

acute toxicity: 

• Group I -Normal control group: In this study, 

the rats in the first group were treated similarly to 

those in the acute toxicity study.  

• Group II- Standard group rats are injected with 

Inj CISPLATIN (40 mg./kg body weight. Intra 

peritoneally on the first day in a single dose. 
8
  

The rats are left as they are with normal food and 

water for the remaining 15 days.  

• Group III—Trail/Test group rats will be in-

jected with Inj CISPLATIN (40 mg./kg body 

weight) intraperitoneally on the first day in a 
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single dose. The test drug, in the calculated 

dose and route, will be given for 8 days.   

On the 8th day, the rats will be treated and tested as 

in the chronic toxicity study. 

How do we conclude the study? 

After the evaluation of different tests,  

• If the blood urea and serum creatinine values are 

reduced in the trial group, it can be concluded 

that the medicine has a nephroprotective effect 

compared to the standard.  

• The test group's reduction in test values, such as 

urine albumin, indicates better glomerular protec-

tive activity of the test drug.  

• The microglobulin reduction, reduced kidney 

injury molecule 1 (Kim-1), and reduced cystatin 

C show better protective effects over the proxi-

mal tubule. 

• Increased EGFR shows better action over the 

distal tube and collecting ducts. 

• In histopathology of the kidney, if the normal 

structure of the kidney is preserved /slightly al-

tered than standard, that indicates the nephropro-

tective effect of the test drug. The gentamycin is 

said to cause erosion of endothelial cells and ne-

crosis of Bowman’s capsule and proximal tubular 

cells. Inflammatory cells are often seen around 

damaged nephrons. If no changes/mild damage is 

seen in the test group, then the test drug is said to 

be nephroprotective 

Cost: The approximate cost for each type of study 

may be approximately INR 40,000/ (3-group study 

with 18 rats)the cost increases based on the number 

of groups added to the survey. The charges for bio-

chemical tests and urine tests are additional to the 

study cost. The cost of histopathological changes is 

approximately INR 10,000/. 

 

CONCLUSION 

The benefit of nephroprotective studies is if the drug 

is proven to be effective in protecting the kidney or in 

reversing the structural or functional ability of the 

kidney, then those drugs can be prescribed (after clin-

ical trial) to patients of mild to moderate renal dam-

age so that we can prevent the organ failure or estab-

lish the normal physiology. These medicines can also 

be used to postpone/arrest the progress of the disease.  

It can also be prescribed to patients in whom renal 

damage is more likely a secondary/complication to 

any ongoing illness or who cannot avoid the causa-

tive factors for renal damage.  Hence, there is an ur-

gent need for such a set of medications that have pro-

tective effects on different levels of the kidney, which 

are tested using these nephroprotective activity mod-

els. These nephroprotective activity models play an 

essential role in providing evidence about the safety 

of the trial drug before the clinical trial.  
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