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Animal Models for Acute Kidney Injury

Hye Ryoun Jang, M.D.

Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Acute kidney injury (AKD) is classified into three types according to its pathophysiology: prerenal, intrinsic renal, and post-renal
AKI. Experimental models of AKI can be divided into two categories: in vivo and in vitro. Models can be further subdivided according
to how AKI is simulated. The pathophysiology of intrinsic renal and post-renal AKI has been investigated using animal models.
Most studies have been conducted in murine models using male mice or rats, while large mammals like sheep, pigs, and monkeys
have been used in a limited number of studies. The intrinsic renal AKI model is divided into septic vs. aseptic AKI. Aseptic AKI
is subdivided into ischemic vs. nephrotoxic AKI. Lipopolysaccharides (LPS) injection or cecal ligation and puncture (CLP) have
been used to simulate the septic AKI model in rodents. Ischemic AKI is the most extensively investigated field to date because
ischemic AKI is the most common and serious cause of AKI in both native kidneys and renal allografts. Ischemia-reperfusion injury
(IRD surgery has been used to induce ischemic AKI. There are two different methods of IRI surgery: laparotomy vs. flank approach.
Warm temperature and male sex are critical to induction of sufficient grade of renal injury in this model. Many nephrotoxicants
pertinent to human disease have been used to reproduce nephrotoxic AKI in rodent models. Cisplatin, a common chemo-
therapeutic agent, has many pathophysiologic features that overlap with IRIL. Other nephrotoxicants such as gentamicin or glycerol
were studied in the past, whereas much more attention has recently been devoted to environmental nephrotoxicants such as
cadmium. However, variant susceptibility to different doses of nephrotoxicants is a big hurdle to set up a reproducible and con-
sistent model of nephrotoxic AKI. Post-renal AKI is simulated with ureteral obstruction surgery, whereas the unilateral ureteral
obstruction (UUO) model has frequently been used. Although some novel findings have been reported through numerous studies
using murine AKI models, AKI still remains a challenging condition that lacks specific diagnostic or therapeutic tools because
of species barriers or experimental settings. Animal AKI models using mammals genetically closer to human like monkeys would
be valuable to simulate human AKI more appropriately.
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HNEA] AEAQ B 7S HH s Bk
I3 AJ(pre-renal), A14J(intrinsic renal),
A (post-renal) 4] Al&Aro 2 UHTHFg 1). 24
o] A3 ™ g (experimental model)-& I A & 714

J=4), A1A3% A|EZ(renal tubular cell) BvjjoF
Sh= in vitro 2R3t FEoA o 7HA]
& A S E35l= in vivo o]t}
Al septic AKI =& 1} aseptic AKT H& O
(3). Aseptic AKI 2o 3 A F4 Al
T Al mEo] &3tr(Fig. 2).
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(ischemic AKI animal model)
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Pre-renal Post-renal

Intrinsic renal

| Acute interstitial nephritis |

Acute tubular necrosis | | Glomerulonephritis: AGN, RPGN |

| Thrombotic microangiopathy |

= Toxic ATN
= Ischemic ATN

Fig. 1. Classification of acute kidney injury. Abbreviations: ATN,
acute tubular necrosis; AGN, acute glomerulonephritis; RPGN,
rapidly progressive glomerulonephritis.

| Experimental models of AKI |
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Fig. 2. Acute kidney injury (AKI)
animal models. Adapted from Fig. 1
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HAAH TH ANAM £2 06 X 7} PR 243 XS v AYstel 2] 7
(post-renal or obstructlve AKI model) A2 aeAow Agslojof st}
A 224]0] 22 ek 2AE ofP] 7HA HRlew

H= QY AZSF= unilateral ureteral obstruction HAMEL] Frlsl=d], H&E G oL} PAS JA 0 2 ALA|
(UUO) maol i a3k A% 5 AR gFelo] A4sl b ALAIo] £4F HEE B7HSHa, Masson's trichrome
EH A el oo fuslol el £40l £ GHOR BRS HRE LA A 2 | 43 A
HHEITH(D). UUO R oA M 1 Absol ot me- o] HRol} B4 A o] o Wz siote]
chanical stress@} &= A 2§ q9-517F H 8= H A AR (immunohistochemistry) o] U ¥ & & 33 A (immunoflu-
Alé&Aro]| Zsgstc) H= Qg Azksle g digj& A1AF orescence staining) &2 % 7}sit),
750l FAEel EH A otE FstAl AR, I ko= A 22 Yol &3 95 AlZE A2
UUOZ £=ArE A& o A= 712 o =(interstitial infla- B A7) H(flow cytometry analysis of kidney mononuclear
mmation) T} ARl A3 &AH(tubular cell injury) 2 A8 cell) o2 BATE 4= 9l om(21), A& ZZ Y o8 714
SH(fibrosis) @} -2 THAF AlZ3LO] EAJo] %= LElRAT] Ato|Ez}elo| ) A R 7191-S multiplex assay E1= real-time
weba], UUO 232 a2 4 AA9 avictes 54 PCR 7|® o5 FHAS 4= Qlrh

AEAdoll M T Aoz o

Attt © wol 2o|1 gtk 58 M&EY 2 239 3 A
3N AAA 2 Ooio|M It HE T4 e B8 mRe AR A A1 Wl
FEE=E, X7 544 AES 2@ddle 7= oA A
T8 AEY A s Hrtske Hee 24 7154 ¥ A77F AREET A AR E T2 Ay HRles
3k vlashs W A 2219 22 WskE 745} 74 AlEAo] & FEEA &7 gl v AAA
= WHom vy 94 AEY] 8 2yoA 71EH ZRHg el oJgh 41 (lupus nephritis) X2 ¢F%l A
B7he 839 22 2 (blood urea nitrogen, BUN), % E AFE AR ol A" A deke] Fiol wek 54
+ 8% Adote|d(creatinine) 2k A]AEHH C (cystatin ©), & PHY sES AREEfofF sk S sE 23 S F
A = Q neutrophil gelatinase-associated lipocalin (NGAL) Alo]| 3HAIA o171 = Sk A} A} AEof| 4] aminoglyc-
9l kidney injury molecule-1 (KIM-1) 5& ZA3}= Ao oside @] AlEAJof oot A 24 AlAto] of oA o W
th AR 54 Al By oAM= FEo] Aolkale AH Stk a7k vk QIIAIRE el E40f ofshd o4 A
oA E& o Ue FH HAIF] Aeng, ofudt 7|F ol YA §F A= obd Aoz B EQIThH22).

Table 1. Difference in renal anatomy and function: rodent vs. human

Anatomy Papilla
Nephron per kidney

Glomerulus diameter

PTEC

Distal tubule

Outer stripe of OM

Loop of Henle
Function Concentration

Proteinuria

Rodent Human
One Multiple
14,000 in mice 200,000 to 1.8 (up to 2.7) million
22,000~25,000 in rats
70 pm in mice 200 pm
Vacuolated in male mice
Brush border (+) in mice Brush border (-)

Much more developed
Higher ratio of long loop of Henle (1/3)  Lower ratio of long loop of Henle (1/7)

Higher: 4,000 mOsm/kg 1200 mOsm/kg
0.6~3.1 mg/day in mice <150 mg/day: mainly uromodulin
2~15 mg/day in rats — only in males (Tamm-Horsfall protein)

age dependent increase

Abbreviations: PTEC, proximal tubular epithelial cells; OM, outer medulla.
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