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Abstract

Chronic kidney disease (CKD) is a life threatening condition that causes progressive loss of kidney function. It is one of the 
leading causes of death and affects about 10% of the population worldwide. CKD poses a great challenge for societies as well 
as health care systems. Currently, there are only a few treatments being developed for CKD, several of which have failed to 
improve renal outcomes. CKD is caused due to multiple factors whose mechanism is incompletely understood. Hence, various 
animal models have been established as an approach towards clarifying the pathogenesis and underlying mechanism of CKD. 
In the present review, we discuss the possible mechanisms of CKD along with the animal models used to mimic the human 
CKD in order to have a better understanding of generation and progression of CKD.
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Abbreviations

CKD: Chronic Kidney Disease; RAAS: Renin-Angiotensin-
Aldosterone System; RBF: Renal Blood Flow; DN: Diabetic 
Nephropathy; RAS: Renin Angiotensin System; BP: Blood 
Pressure; ECM: Extracellular Matrix; NSAIDs: Non-Steroidal 
Anti-Inflammatory Drugs; BUN: Blood Urea Nitrogen; PAN: 
Puromycin Aminonucleoside; SOD: Superoxide Dismutase; 
CAT: Catalase; GSH-Px: Glutathione Peroxidase; GFR: 
Glomerular Filtration Rate; ROS: Reactive Oxygen Species; 
NO: Nitric Oxide; UUO: Unilateral Ureteral Obstruction; NOK: 
Non-Obstructed Kidney.

Introduction

Chronic kidney disease (CKD) is a potentially fatal 
condition that affects the renal structure and function. It is 
characterized by progressive and irreversible loss of renal 
function [1,2]. CKD is ranked 16th among the major causes 
of death in 2016. It is expected to rise to 5th rank by 2040. 
CKD affects about 10% of the world population and poses a 
great challenge for societies as well as health care systems 
worldwide [3].

In CKD, the renal damage can be ascertained when 
glomerular filtration rate (GFR) is <60mL/min. Based on the 
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GFR, CKD is categorized into five stages:
Stage I: Normal or high GFR (GFR>90mL/min).
Stage II: Mild CKD (GFR=60-89mL/min).
Stage IIIA: Moderate CKD (GFR=45-59mL/min).
Stage IIIB: Moderate CKD (GFR=30-44mL/min).
Stage IV: Severe CKD (GFR=15-29mL/min).
Stage V: End stage (GFR<15mL/min) [4].

CKD is found to be more common in the people aged 65 
years or older which accounts for 38% of cases than in people 
aged 45-64 years or 18-44 years which accounts for 12% 
and 6% cases respectively. CKD is slightly more common in 
women (14%) than in men (12%) [5]. There are a number of 
causes of CKD, out of which the most common are diabetes 
and hypertension. Environmental pollution, pesticides, 
analgesic abuse and use of unregulated food additives play 
a contributing role in the progression of CKD [6]. In western 
countries, diabetes and hypertension account for over 2/3rd 
of the cases of CKD. In India, diabetes and hypertension 
account for about 40-60% of cases of CKD. According to the 
data from Indian Council of Medical Research, the prevalence 
of diabetes has arisen to 7.1% in Indian population and 
it is around 28% in urban population [7]. Other possible 
mechanisms of CKD include haemodynamic factors, the 
Renin-Angiotensin-Aldosterone system (RAAS), several 
cytokines and growth factors, podocyte loss, dyslipidaemia 
and certain mechanisms of tubulointerstitial fibrosis [8].

CKD is a major contributor to health burden which is 
associated with high economic cost to health systems [9]. 
The mechanism of generation and progression of CKD is not 
well understood. Animal models have been extensively used 
as an approach towards clarifying the pathogenesis and the 
underlying mechanism of CKD [10]. We will be reviewing the 
possible mechanisms of CKD along with the animal models 
used to understand the generation and progression of CKD.

Pathophysiology of CKD

While discussing the mechanisms of CKD, the structural 
and physiological characteristics of the kidney are one of 
the most important aspects to be considered. In addition 
to these, the fundamentals of kidney injury should also be 
considered [11]. The renal blood flow (RBF) varies when 
compared with the other well perfused organs such as 
liver, heart and brain [11]. The RBF is about 400 mL/100 
g of tissue per minute which is quite high when compared 
to liver, heart and brain having 100 mL, 56 mL and 80 mL 
per 100 g of tissue per minute respectively [12]. Due to this, 
the renal tissue is vulnerable to any damaging circulating 
agents. Also, the glomerular filtration is dependent on 
transglomerular pressure, which renders the glomerular 
capillaries susceptible to haemodynamic injury. This 
concludes that glomerular hypertension and hyperfiltration 

play a major contributing role in the progression of CKD 
[11]. Since nephrons are considered as the functional units 
of kidney, loss of these leads to non-specific wound healing 
processes which includes interstitial fibrosis. Infiltrating 
immune cells, albuminuria and, in diabetes, glucosuria, 
activate proximal tubular epithelial cells, which leads to 
secretion of proinflammatory and profibrotic mediators that 
promote interstitial inflammation and fibrosis [13].

There are various causes of CKD, among which 
the leading causes are as follows:

Diabetes: Diabetes mellitus is one of the leading causes 
of CKD in developed countries [14]. According to the 
International Diabetic Federation (2015), the prevalence 
of diabetes was found to be 8.8% among the people aged 
20 to 79 years affecting approximately 440 million people. 
This is expected to grow to over 550 million people by 2035 
[15]. Diabetic nephropathy or Diabetic Kidney Disease is 
the most common complication of diabetes [16]. Diabetic 
nephropathy (DN) develops in about 40% of patients with 
diabetes and is the major cause of CKD. Diabetes leads to 
metabolic changes that alter the kidney haemodynamics 
and promotes inflammation and fibrosis [13,17]. These 
metabolic changes include hyperaminoacidemia, which 
acts as a promoter of glomerular hyperfiltration and 
hyperperfusion, and hyperglycaemia [17]. The mechanism 
associated with glomerular hyperfiltration in diabetes is 
not fully understood. One proposed mechanism involves 
sodium-glucose cotransporter 2. Increased proximal tubular 
reabsorption of glucose through this cotransporter reduces 
the distal solute delivery, primarily sodium chloride, to 
the macula densa [18]. Hence, the dilation of the afferent 
arteriole, due to the decreased tubuloglomerular feedback, 
increases glomerular perfusion. The overall effect is high 
intraglomerular pressure and glomerular hyperfiltration 
[17,18]. 

Hypertension: Hypertension is both cause and consequence 
of CKD. It is a major risk factor for both cardiovascular diseases 
and kidney diseases. High prevalence of hypertension is seen 
in patients with CKD which progresses with the severity 
of CKD. Various factors have been considered responsible 
that may cause hypertension in CKD. Some of these factors 
include impaired sodium excretion, activation of renin 
angiotensin system (RAS), sympathetic activation, imbalance 
in prostaglandins or kinins, etc. [19]. According to Guyton, 
the long term blood pressure regulation is linked to renal 
excretory function [19,20]. It is assumed that renal disease 
intervenes with salt excretion, which leads to volume 
overload and resultant hypertension. This theory sheds 
some light on the long-term regulation of blood pressure 
(BP) by the kidneys. The excess salt and water retention is 
believed to increase the blood flow to the tissues that sets 
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in the phenomenon of autoregulation. The tissue arterioles 
constrict to decrease the excessive blood flow. This resulting 
constriction raises the peripheral vascular resistance and 
hence results in hypertension [21]. Other factors such as 
RAS activation, sympathetic activation and imbalance of 
prostaglandins or kinins all cause vasoconstriction which 
raises the peripheral resistance and results in hypertension 
[19].

Renin Angiotensin Aldosterone System (RAAS): The 
renin angiotensin aldosterone system, also known as RAAS, 
plays a major role in regulating blood pressure as well 
as fluid balance. The RAAS is involved in the generation 
of a multifunctional peptide hormone Angiotensin II. 
Angiotensinogen is the primary substrate of RAAS which is 
majorly produced in liver and also in other tissues including 
the kidney [22].

The angiotensinogen is cleaved by Renin to form 
Angiotensin I (Ang I) which is then subsequently cleaved 
to Angiotensin II (Ang II) by the enzyme Angiotensin 
converting enzyme (ACE). The Ang II is the major bioactive 
peptide generated by the RAAS [22]. Ang II causes increase 
in blood pressure and is also involved in sodium and water 
retention. Ang II also promotes secretion of Aldosterone 
from the adrenal gland, causing sodium retention, potassium 
excretion, and retention of water and also increases blood 
pressure [23]. Over production of Ang II and aldosterone 
is associated with progressive kidney damage. Diabetic 
and non-diabetic nephropathies, glomerular capillary 
hypertension, profibrotic effects and proteinuria are the 
clinical examples that add up to kidney injury [24].

Tubulointerstitial Fibrosis: Renal interstitium plays a 
central role in kidney functions and is also an important 
factor to be considered in the progression of CKD. The renal 

interstitium is the intertubular, extra glomerular and extra 
vascular space of the kidney. It is surrounded by tubular 
and vascular basement membrane and is filled with cells, 
extracellular matrix and interstitial fluid. Renal interstitium 
is said to play an important role in fluid and electrolyte 
exchange [25]. The interstitium accounts for about 90% of 
kidney volume. Tubulointerstitial fibrosis is found to be the 
best predictor of progression of renal disease [26]. Whenever 
there is a mild or limited kidney damage/injury, the tissue 
repair mechanisms usually repair and restore the functions. 
This tissue repair mechanisms comprise of a series of 
overlying events such as inflammation, extracellular matrix 
(ECM) synthesis, resolution, regeneration and remodelling. 
The kidneys can recover from a mild or limited damage but a 
persistent injury is what progresses into CKD.

Several patient renal biopsy studies and experimental 
models have shown that there is an overproduction of ECM, 
especially collagen that constitutes the scar tissue for which 
activation of tubule epithelial cells and interstitial fibroblasts 
are held responsible. The damaged epithelial cells produce 
collagen that manifests as thickening of basement membrane 
and interstitial fibrosis [27].

Podocyte Loss: Podocytes are specialised epithelial cells 
of the kidney that are present around the capillaries and 
are neighbouring cells of the Bowman’s capsule. Podocytes 
are considered as a major component of the urinary 
ultrafiltration process. These podocytes play an important 
role by restricting the entry of plasma protein in the urinary 
ultrafiltrate by forming a glomerular filtration barrier with 
the monolayers of fenestrated epithelial cells. This barrier 
consists of filtration slits between foot processes. The foot 
processes from one podocyte interlock with another forming 
a network of narrow gaps. Podocytes act by restricting 
the anionic and macromolecules but allow the passage of 
small and medium sized solutes, cationic molecules and 
electrolytes. When podocytes are damaged or lost, the 
complex structure of these podocytes is altered and this 
process is termed as foot process effacement. Due to this 
alteration, the integrity of the glomerular filtration barrier is 
lost [28]. Since the function of podocytes is primarily based 
on their complex structure, loss of these cells is highly linked 
to proteinuria. Proteinuria, that is the leakage of proteins 
into the urine, is a major indication of development of CKD 
[29].

Genetic and Environmental Risk Factors for CKD: 
Apart from the above mentioned causes, the variation in 
prevalence of CKD worldwide is said to be caused by the 
genetic or environmental or combination of both of these 
factors. Genetic studies have shown that genetic variants 
influence the development of kidney diseases. There are 
several examples of certain genetic variants that have 

https://medwinpublishers.com/OAJUN/


Open Access Journal of Urology & Nephrology
4

Sharma UR, et al. A Systematic Review on Molecular Pathophysiology Involved in Chronic 
Kidney Disease and the Role of Animal Models in Drug Discovery to Manage in Chronic Kidney 
Disease - An Update. J Urol Nephrol 2024, 9(4): 000267.

Copyright© Sharma UR, et al.

high susceptibility for the development of kidney disease 
leading to the geographical aggregation of kidney disease. 
Based on the demographic data from the United States, high 
prevalence of CKD is seen in African American population. 
African Americans develop non-diabetic end stage renal 
disease four folds higher than Americans with European 
antecedentry. Another example of kidney disease found to be 
more common in certain groups is IgA nephropathy. People 
with East Asian antecedentry are predisposed to develop IgA 
nephropathy more frequently than others [30].

Several environmental factors have been linked to the 
development of CKD. These factors are implicated as the 
possible causes of CKD in countries or regions considered 
as CKD clusters where the incidence of CKD is more than 
average. In these clusters, it is seen that CKD is not due to 
the regular causes such as diabetes or hypertension but 
due to the influence of these environmental factors. Inspite 
of this suspicion, the causative role of these factors is not 
yet exemplified. Thus, CKD due to the unkown causes 
(CKDu) and infections continue to be the leading causes 
of CKD in most of the CKD clusters [31]. Environmental 
factors probably associated with development of CKD 
include heavy metals (like lead, mercury, cadmium, arsenic, 
uranium), non-steroidal anti-inflammatory drugs (NSAIDs), 
agricultural chemicals, industrial waste products and 
occupational exposures [31,32]. Several infections have 
also been associated with the development of CKD such as 
leptospirosis, Malaria, Leprosy, Hantavirus and others [32]. 

Chronic Kidney Disease Models

The pathophysiology and underlying processes of kidney 
disease have been widely studied using animal models. The 
most common models used to examine the nephropathy 
events and treatment targets are mice and rats. These 
models have also been used to identify the specific disease 
biomarkers [10].

Adenine Induced CKD: Majority of animal models used do 
not truly reflect the complexities of the human condition. 
The rodent adenine diet model of CKD is an exception. 
Adding 0.75% of adenine to the diet of the rats for a period 
of minimum 4 weeks reflected majority of structural and 
functional changes observed in CKD in humans [33].

Studies reporting CKD using adenine induced 
model:

•	 Yokozava T, et al. [34] reported that the prolonged 
feeding of adenine in rats gives a useful model for CKD 
studies. In this study the prolonged feeding of adenine 
to rats precipitated metabolic abnormalities that 
reflect the CKD in humans. Some of the abnormalities 

produced were azotemia, accumulation of uremic toxins, 
metabolic imbalances of amino acids and electrolytes 
and hormonal imbalances [34].

•	 Shuvy M, et al. [35] reported that due to the high adenine 
diet, the kidneys of the rodents were significantly 
enlarged due to the tubular injury. This kidney injury 
was linked with apoptosis along with the activation of 
the related pathways of apoptosis. The dietary adenine 
lead to a quick onset of kidney damage characterized by 
increased creatinine and phosphate levels, enlargement 
of kidneys along with damage extending about 70-80% 
of kidney tissue [35].

The 0.75% adenine diet model has been optimized into 
different dietary concentrations such as 0.075%, 0.25% and 
0.5%.33 The 0.25% of adenine diet model in rats, treated for 
a period of 16 weeks, produced CKD having characteristics 
similar to CKD in humans. The damage induced was 
characterised by increased blood urea nitrogen (BUN), 
creatinine and proteinuria along with increased uric acid 
production [36].

Cyclosporine Induced CKD: Cyclosporine is an 
immunosuppressant used in transplant rejection. It is also 
used in other autoimmune diseases such as rheumatoid 
arthritis and in the treatment of graft rejection in kidney, 
liver and heart transplants. Cyclosporine acts as a calcineurin 
inhibitor that inhibits the synthesis of interleukins (ILs). 
These ILs are necessary for the activation and differentiation 
of T-lymphocytes. The difference between effective 
cyclosporine concentration and the concentration linked 
with serious toxicity is quite small. Therefore, therapeutic 
monitoring in patients is a necessary measure to adjust the 
dose to avoid rejection reactions, nephrotoxicity and other 
adverse effects [37]. Nephrotoxicity due to cyclosporine A 
(CsA) is characterized by increased resistance of afferent 
arteriole and efferent arteriole, reduced RBF and glomerular 
filtration.

Studies Reporting CKD Using Csa Induced Model

•	 Caires A, et al. [38] performed a study to evaluate 
the renoprotective effect of endothelin-1 receptor 
antagonists, bonestan and macitentan, in CsA induced 
renal dysfunction in rats. It has been reported that the 
group that received intra peritoneal injection of CsA 
(40 mg/kg) for 15 days has shown a decrease in kidney 
function due to increase in creatinine and urea [38].

•	 Venkateswarlu K, et al. [39] evaluated LOBUN, a 
probiotic formulation, for its nephroprotective effect on 
CsA induced renal failure. 20 mg/kg body weight of CsA 
(s.c.) was given to Wistar rats for a period of 15 days to 
develop renal failure. On comparision with normal group 
animals, control group animals had higher levels of blood 
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parameters such as blood urea nitrogen, creatinine, uric 
acid and lower levels of total serum protein, indicating 
that the toxicity has been established in control group 
animals [39].

Adriamycin and Puromycin Induced CKD: The induction 
of nephritic syndrome by Puromycin Aminonucleoside (PAN) 
was first noticed in the early 1950s. A single intravenous 
injection of adriamycin, an anticancer antibiotic, causes a 
similar nephritic condition [40].

Studies reporting CKD using adriamycin and 
puromycin induced model:

•	 Rider SA, et al. [41] evaluated adriamycin and puromycin 
for their ability to cause structural podocyte damage 
and increased glomerular permeability. In this study, 
adriamycin induced nephropathic models were well 
established which were characterized by the symptoms 
like increased protein excretion, Tubulointerstitial 
inflammation and fibrosis. Administration of puromycin 
also resulted in loss of podocytes, glomerular selectivity 
and terminal oedema [41].

•	 Munoz M, et al. [42] described the role of angiotensin 
II as a proinflammatory agent in adriamycin induced 
nephrosis in rats. This nephrotic syndrome was 
characterized by massive proteinuria, hypoalbuminemia, 
dyslipidaemia, hypercoagulability, oedema and ascites 
[42].

•	 Van der Vijgh WJ, et al. [43] conducted a study 
to investigate whether there is an influence on the 
morphometric parameters, measured in heart tissue, 
due to drug induced nephropathy. In this study, PAN was 
used to induce nephropathy in rats by administering a 
single injection (150 mg/kg as 2% saline solution) of PAN 
into the tail vein. Symptoms like proteinuria, polyuria, 
hypoalbuminemia, oedema and ascites represented the 
nephritic syndrome [43].

•	 Several other studies have also shown other symptoms 
caused by the administration of adriamycin and 
puromycin as a consequence of nephrotoxicity.

•	 Bizzi A, et al. [44] reported that an extensive 
hyperlipemia was seen upon administration of a single 
dose of adriamycin (7.5 mg/kg i.v.) after 14-21 days in 
rats. Also, impaired apoprotein metabolism is seen as a 
consequence of PAN induced nephrosis [44]. 

Folic Acid Induced CKD: Folic acid, also known as 
vitamin B9, is involved in one-carbon metabolism which 
is essential for cellular proliferation and growth. The main 
sources of folic acid include egg yolk, animal livers, yeast 
and leafy vegetables. Deficiency of this vitamin can cause 
megaloblastic anaemia.45 Because of high concentration of 
folate receptors in the kidneys, folic acid can accumulate in 

greater concentration than in any other tissues. These high 
folate levels in the kidneys can damage cellular antioxidative 
processes, resulting in redox imbalance and oxidative stress. 
A low dose of folic acid (less than 10 mg/day ) is beneficial 
against oxidative stress whereas high doses (250 mg/day) 
are highly toxic and are used to induce kidney damage 
in animals.46 The pathophysiology of acute renal failure 
caused by the administration of folic acid is incompletely 
understood. Several studies have been performed in order to 
understand this mechanism.

Studies Reporting CKD Using Folic Acid Induced 
Model

•	 Gupta A, et al. [47] performed a study to evaluate the 
effect of folic acid on prooxidant state and also changes 
in the structure of kidney tissues. The two groups of 
mice, A and B, received intraperitoneal (i.p.) injection 
of folic acid of 100 mg/kg body weight for a period 
of 7 days and single dose of 250 mg/kg body weight 
respectively. Significant renal hypertrophy and severe 
renal impairment was seen in folic acid treated mice. 
Along with these changes, the antioxidant enzymes 
Superoxide Dismutase (SOD), Catalase (CAT) and 
glutathione peroxidase (GSH-Px) levels were markedly 
decreased. Therefore, the study suggests that folic acid 
administration resulted in oxidative stress and changes 
in the membrane structure that accounts for acute renal 
failure [47]. It has also been reported that folic acid 
induced nephropathy that results in acute kidney injury 
may progress into interstitial fibrosis. This model is the 
most common method used to induce patchy interstitial 
fibrosis [6].

•	 Stallions LJ, et al. [48] assessed mitochondrial 
dysfunction in folic acid induced acute renal injury 
model that rapidly developed early fibrosis. The mice 
were administered with a single i.p. dose of 250 mg/kg of 
folic acid in 300 mM NaHCO3 for 14 days. These treated 
mices had increased serum creatinine and urine glucose 
levels that ultimately decreased the glomerular function. 
Maximal renal dysfunction was seen after 2 days of folic 
acid administration, represented by elevated creatinine 
levels, blood urea nitrogen (BUN) and urine glucose [48].

Streptozotocin Induced Diabetic Nephropathy: Diabetic 
nephropathy (DN) also known as diabetic kidney disease is a 
leading cause of CKD and end stage renal failure worldwide. 
DN is represented by the structural and functional changes. 
It is characterized by podocyte loss, decreased endothelial 
cell fenestration, glomerular hyperfiltration, albuminuria, 
proteinuria and decreasing glomerular filtration rate (GFR) 
[49]. In DN, due to persistent hyperglycaemia, alterations in 
the redox state occur. The excessive generation of reactive 
oxygen species (ROS) reduces the expression of antioxidant 
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enzymes like manganese SOD, GSH-Px and CAT [50]. 
Streptozotocin (STZ), also known as Streptozocin or Izostazin 
or Zanosar, is an anticancer agent that is categorized as 
antitumour antibiotic. STZ is chemically related to the drugs 
that are categorized as nitrosoureas used in chemotherapy 
[51]. STZ is diabetogenic as it is toxic to beta cells of the 
pancreas. STZ exerts its diabetogenic action by alkylation of 
DNA and also due to nitric oxide (NO) release and generation 
of ROS. It has also been reported that alloxan is better than 
STZ for animal studies since STZ has a direct effect on primary 
nociceptive neurons that causes painful diabetic neuropathy 
[52]. Several studies have been performed to evaluate the 
nephroprotective effect of various drugs where STZ induced 
DN model has been extensively used.

Studies Reporting CKD Using STZ Induced 
Diabetic Nephropathy Model

•	 Kshirsagar RP, et al. [53] evaluated the effect of 
geraniol on diabetes associated endothelial dysfunction 
in STZ treated rats. In this study, male Wistar rats were 
induced with diabetes by injection of STZ at 45 mg/kg 
intraperitoneally in 0.1 mol/L citrate buffer (pH4.5). 
When compared with control group animals, STZ 
treated rats exhibited reduced body weight, increased 
levels of glucose in blood and also a marked decline in 
plasma insulin levels. An increase in plasma level of total 
cholesterol, triglyceride, low and high density lipid (LDL 
and HDL) levels were also observed [53]. 

•	 Tzeng TF, et al. [54] evaluated the effects of Zerumbone 
in STZ induced DN in rats. In this study, the rats were 
induced with diabetes by a single intravenous injection 
of 60 mg/kg STZ. The STZ treated rats represented renal 
dysfunction due to decreased creatinine clearance, 
increased blood glucose levels, BUN and proteinuria, 
along with a significant increase in the kidney weight to 
body weight ratio [54]. 

5/6 Nephrectomy Induced CKD: 5/6 Nephrectomy (Nx) 
model has been extensively used in CKD researches, which 
is achieved by the surgical removal of 5/6 renal parenchyma 
[55]. This model involves the experimental reduction in 
renal mass by nephrectomy that leads to glomerulosclerosis 
and tubulointerstitial fibrosis. There are several methods to 
induce CKD in animals using this model. One such method 
is to perform uninephrectomy followed by ligation of polar 
branches of the renal artery. This method is frequently used 
in rats. Another such method involves the surgical removal 
of the 50% of the remaining kidney after 1-2 weeks of 
uninephrectomy. This approach is applicable both in rats and 
mice [6]. 

Studies Reporting CKD Using 5/6 Nephrectomy 
Model

•	 Hamzaoui M, et al. [56] performed a study that 
describes and compares the results of 5/6 Nx in two 
primary strains of mice, 129/Sv and C57BL/6JRj. 
Ketamine injection of 100 mg/kg (i.p.) was used to 
anaesthetize the mice. A left laparotomy was performed 
that helped in exposing the left kidney. Ligation of the 
upper limb of the renal artery was performed which was 
confirmed by the discolouration of the upper portion 
of the kidney. Then, a cauterizer was used to cauterize 
the lower pole, hilum avoided, and then sutured. A total 
nephrectomy (right) was performed one week post the 
partial Nx (left), with the exception that hilum was totally 
ligated and right kidney was removed. The considerable 
increase in levels of plasma creatinine, after 12 weeks 
post 5/6 Nx, established the development of CKD [56]. 

•	 Tan RZ, et al. [57] reported a new and extremely 
efficient 5/6 Nx model that decreased the mortality of 
animals. In this method, the upper pole and the lower 
pole of the left kidney are direct ligated after removing 
the right kidney one week later. As a result, the upper 
pole and the lower pole of this kidney undergo necrosis. 
This reflects the traditional 5/6 Nx. 4 and 12 weeks later, 
the serum creatinine, BUN and proteinuria levels were 
markedly elevated [57]. 

Unilateral Ureteral Obstruction Induced CKD: Unilateral 
ureteral obstruction (UUO) is used to induce kidney/renal 
fibrosis [58]. Renal fibrosis is the common mechanism for 
most of the kidney diseases [26,58]. UUO model is consists 
of obstructing the urine flow which leads to tubular injury. 
Experimental UUO is said to reflect human chronic obstructive 
nephropathy. Obstructive nephropathy is a chronic clinical 
condition having irreversible implications which may 
result in Acute renal injury or chronic renal disease. The 
experimental procedure of UUO consists of ligating the 
ureter, generally using a silk thread, preferably the left 
kidney. The ligated kidney is referred as Obstructed Kidney 
(OK) and the unligated kidney is referred as Non-Obstructed 
Kidney (NOK). The UUO-OK exhibits characteristics such 
as tubular dilation, expansion of the interstitium, proximal 
tubular mass loss, hydronephrosis, leukocyte infiltration, and 
hypertrophy, death of tubular epithelial cells and presence of 
fibroblasts. All these modifications together result in renal 
tubulointerstitial fibrosis [58]. 

Studies Reporting CKD Using UUO Model

•	 Wu MJ, et al. [59] evaluated the effect of rapamycin on 
renal fibrosis induced by UUO. The study was performed 
on Sprague-Dawley rats under pentobarbital anaesthesia 
(i.p.). Ligation was performed on the left ureter at two 
points using 4-0 silk thread and cut between ligatures 
to avoid urinary tract infections. Layered closure of 
the wound was done at last. The ligation of the ureter 
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resulted in renal fibrosis exhibited by atrophy of the 
tubules and deposition of interstitial matrix. Weight and 
length of the UUO-OK was also found to be markedly 
increased [59]. The UUO is generally performed on an 
anaesthetized animal but later on an awake model was 
used to prevent the anaesthetic effects. Thus, by using 
an anesthetized dog model it has been shown that after 
ureteral obstruction, there was a momentary increase in 
ureteral pressure and RBF followed by decrease in both 
the parameters [60].

Conclusion

CKD is considered a serious health condition owing to 
the massive rise in its prevalence and extremely huge cost of 
treatment [61]. CKD is defined by GFR less than 60 mL/min 
along with other kidney damage markers such as albuminuria, 
haematuria and other structural abnormalities [62]. The most 
prevalent causes of CKD are diabetes, hypertension and/or 
Glomerulonephritis. Other causes such as environmental 
factors like pollution, herbal medicines and pesticides are 
common in Asia and many developing nations [62,63]. Early 
identification and staging of chronic stage of kidney disease 
by health care professionals are critical in decreasing the 
global affliction of CKD [62]. It has also been reported that 
an early referral to the nephrologist has shown a reduction 
in mortality and improved dialysis preparation [63]. Despite 
this, there are just few CKD treatments under development. 
These developing treatments shall be successful only when 
there is good knowledge of the pathogenesis of the disease 
[64]. 

The pathophysiology and mechanism of CKD is not well 
understood which can be clarified by the use of animal models 
of the disease [10]. Few, if any, animal models of kidney disease 
completely mimic all features of human pathophysiology 
and clinical symptoms. There are, nevertheless, numerous 
good models of specific characteristics of the disease [65]. 
These include diabetic nephropathy model, UUO model, 
5/6 nephrectomy model, folic acid nephropathy model, CsA 
model and many more [65,66]. The most essential learning 
is that no animal model can accurately mimic the human 
manifestations of CKD. On contrary, a well-chosen animal 
model can provide great insights into pathogenesis and 
mechanisms of CKD [66]. 
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