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ABSTRACT

The kidneys excrete the end-products of tissuebokgan and maintain fluid, electrolyte and acid-basalance.
Renal failure is the result of impaired renal exory and homeostatic functions and the clinical dspme of
uremia will be present. The pathophysiology of usginowever, is difficult to study in humans be@akthe type
of experimentation required. The aim of this stw@s to induce experimental model of chronic remdufe in
sheep for further research. Uremic state was cretdte two stages surgery in eight adult male shagpally, in
the left kidney, the posterior branch of the reaidéry was completely ligated. At least 3 weeksrafte animal had
recuperated from the renal infarction, the rightlkey was removed. All sheep became uremic andynaiftdmic.
Four weeks after right nephrectomy (second stagaiafery) mean urea, creatinine, potassium, andwnodevels
in the serum of sheep were significantly elevated were 110.4 +11.69 mg/dl, 3.09 £ 0.84 mg/d|,64480.40
mmol/L and 130.5 + 8.02mmol/L, respectively. Med@VPof sheep at same time was 25.2 percent. Acuid re
failure developed in one sheep so that serum broits parameters including urea, creatinine, potass and
sodium levels increased to 250 mg/dl, 7.3 mg/dl,mmol/L and 123 mmol/L, respectively. This stutygested
that two stages subtotal nephrectomy can be useekfrerimentally induction of chronic renal failuesd uremia
in sheep.
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INTRODUCTION

The pathophysiology of the abnormalities associatitld renal dysfunction, however, is difficult ttusly in human
because of the type of experimentation requirecer@fore animal models which have been the mainsfay
experimental means to study chronic renal failusgehbeen developed to investigate these problemsidéal
experimental animal model provides a stable uremilieu to allow experimental manipulation. A widange of
experimental (dietary and pharmacologic) therageglored in such models have also proven to becaliy
efficacious. Three main ways of inducing experimaéniremia include surgical five-sixths nephrectowgscular
ligation method and chemical nephrectomy[3]. Nurnsraethods, albeit not well standardized, are abhil for
inducing the model of chronic renal failure andrehas been strictly defined in a given animal spe§4,6,7,8,13].
None of them can ever duplicate the original caadiin a human kidney. Because of the need to stadain
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aspects of CRF in an experimental setting, we leat@blished a large animal model for this syndramibe sheep.
The purpose of this study was to monitor the nefuixio effects of ischemia in sheep.

MATERIALS AND METHODS

Experimental animals:

Eight clinically healthy, yearling male Ghezel firan fat tailed) sheep and weighing 40-45 kg wesedu All

animals were kept indoor in group box during theolghexperimental period, under similar conditionsl ananual
feed including alfalfa, barley, treated wheat stfgngated with 5% urea, 2.5% molasses and 2% gadltlainking

water was given ad libitum for several weeks befire trial. After deworming of sheep with Albendb&86

(Dievern?, 15 mg/kg, PO, Damloran Razak pharma, Lorestan) land Ivermectin 1% (Intermectinnterchemie,
Holland, 200ug/kg, SC) animal were prepared foreexpent. Investigations using experimental animaése

conducted in accordance with the internationallyepted principles for laboratory animal use anécand Ethics
Committee of Faculty of Veterinary Medicine, Islanfizad University approved the protocol.

Anesthetic and postoperative management:

The animals were fasted 12 h before surgery. Gemerasthesia was induced with combination of Xylazi
hydrochloride (Xylazine 2%, Alfasan, Worden-Hollanll mg/kg, IM) and Ketamine hydrochloride (Ketamin
10%, Alfasan, Woerden-Holland, 0.22 mg/kg, IM). banesthesia was performed using Lidocain 2% (alfiee +
adrenalin®, Alfasan, Woerden-Holland). Postoperative manageroensisted of administration of antibiotic and
non-steroidal anti-inflammatory drug. After eachagd of surgery, two injection of penicillin mix 211
(benzathine:procaine:potassium) with 2 days imteand ketoprofen (3 mg/kg, daily, for 3 days) wearected
intramuscularly.

Surgical procedures:

After induction of general anesthesia, animals westrained in lateral recumbency and right flardswoutinely
prepared for surgery. Then uremic state was crdat@d/o stages surgery. In sheep, the renal adisiges at the
renal hilus into posterior and anterior brancheguie 1) that supply approximately two thirds ame ahird of the
kidney, respectively. Initially, in the left kidnethe posterior branch of the renal artery was detely ligated. For
this aim, an incision at the right mid-paralumbasda to ligation of the left kidney branch was us&dleast 3
weeks after the animal had recuperated from thal iafarction, the right kidney was removed. Anatheision is
made just caudal and parallel to the last rightaibemove the right kidney. This intervening tialbwed the renal
remnant to hypertrophy and reduced the likelihodbdwlden death due to acute renal failure immelgigiest
nephrectomy. This method has been described in, piregiously [5].

Figure 1: Left kidney arteries ligation (first stage of surgery)

In one of cases (case no. 3), due to excessiveuagdntrollable bleeding from left kidney vesselstat
nephrectomy was done in that kidney. Three weetkes the remaining right kidney was removed comyeadter
ligation of the renal artery, vein, and ureter.
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Sampling and laboratory procedures:

Regularly blood samples were collected weekly lefond after surgery, throughout the study. For helogical

and biochemical analysis, approximately 5 mL blaadnples were collected from jugular vein into ED&Ad

serum tubes. Packed cell volume (PCV) measurediyne procedures. Sera were analyzed for ureaticnee,

albumin by an automatic analyzer (Alcy8h300, Abbott lab., Illinois, USA), using commerclats (Pars Azmoon
Co. INC., Karadj, Iran). Also serum potassium (Kdasodium (Na) value were quantified by Flame phwtric

method.

Statistical analysis:

All statistical analyzed by Statistical Package 8wncial Sciences for Windows, version 17.0 (SPSS).Data
normality was tested by Kolmogorov-Smirnov testalsis of variance (ANOVA) test was used for conigam of
measured factors in various times. All values waeressed as mean and standard deviation (SDR<h@5 was
considered as statistically significant.

RESULTS

There was no marked deterioration in the clinicaidition of the animals after the first stage afgeuy. Mild and
transient pain was the most common finding was s&r ligation of left renal artery branches, whiwas
manifested as intermittent tooth grinding, contihdier 3 days. But after the second surgery, thiet igphrectomy,
general condition of animals was not normal; thereavdepressed, anorectic and water intake was demabily
reduced. They were also showed pain signs, obwio@ste sheep (case no. 2) died suddenly at thiyd athers
survived 15 to 120 days.

In the second stage of surgery, the left kidneyd ttad been ligated were studied. Fibrotic and lsimalgular
kidneys were evident (Figure 2). Comparison of léfiney size at day O, and 3 days after right negtiomy,
measured by ultrasonography, confirmed a consiteergdluction in its width and length. Renal fibgias most
evident in dorsal part of ligated left kidney, grathological change was few in ventral part.

Figure 2: Renal fibrosis in left kidney two weeks #ter second stage of surgery

The changes in blood constituents are shown ineTalAll sheep became uremic and mildly anemic. Blacea
and serum creatinine concentrations showed a @8ige increase which was significant at all stagés
observation. The serum levels of urda=@.004), creatinine R=0.002), and potassiunP£0.037) and sodium
(P=0.048), significantly increased four weeks aftght nephrectomy (Figure 3). Mean packed cell vawhsheep

at same time significantly lower previous timesesperiment P=0.031) (Figure 4). Serum biochemical parameters
were not significantly different between case nan8 others. One of eight sheep (case no. 4) diedvieeks after
right nephrectomy. One day before his death, sdsiathemical parameters including urea, creatinpmassium,
and sodium levels had been increased to 250 md!/8l, mg/dl,7.4mmol/Land 123mmol/L, respectively. At
necropsy, left kidney was scarified and smallentharmal size. The size of left kidney before stygeas 76 mm

in length and 41 mm in width that decreased to 58and 35 mm, respectively.
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Table 1.PCV and blood chemistries in normal and unaic sheep (mean + SD)

Time Urea Creatinine  Potassium Sodium Alb PCV
(week) (mg/dL) (mg/dL) (mmol/dL) (mmol/dL) (g/dL) (%)
O (after deworming) 28.75+6.07 0.88+0.12 4.0033 119.50+251 3.41+0.22 345+20
1(1° surgery) 25.6 +6.84 0.79+0.23 3.80+0.84 1@%4.10 3.67+0.32 35.0+1.8
2 101.8+41.37 3.01+247 4.78+1.64 134.40363. 3.72+0.27 34617
3 63.2+7.22 1.81+0.16 5.02+049 128.50+8.68.74+0.63 33.8+3.2
4 (2" surgery 53.5+5.6 1.63+0.1i 5.13+0.21 128.67+3.7 4.0(x035 33.9+3.
5 102.4+14.77 2.88+0.53 5.06+0.66 129.00565. 3.90+0.23 30.4+2.2
6 87.0+25.27 1.80+0.09 4.96+0.43 143.6753.04.02+0.27 299+1.6
7 95.6+10.0 2.76+1.9. 480+0.5 138.33+128 385+035 28.4z+4.
8 110.4+11.69 3.09+0.84 4.86+0.40 130.50028. 3.74+0.28 25.2+3.1
9 132.0+10.81 3.60+0.44 529+0.94 132.00077. 3.92+0.14 25.8+2.7
10 153.8+8.4 3.90+0.6! 6.10+1.2 126.33+2.8 396+007 26.5+3.(
11 147.0+8.92 349+051 5.86+040 131.50666. 3.83+0.12 27.2+3.8
12 1448+7.26 342+0.30 4.86+0.75 131.25189. 3.77+0.26 27.0+3.1
13 146.3+4.11 331+0.46 4.43+0.63 130.39286. 3.89+0.32 28.3+25

No significant change was seen in the levels ofirsealbumin P=0.057). There were significant correlation
between serum urea and creatiniRe@.000,r=0.998), urea and potassiuf=0.001,r=0.501), urea and sodium
(P=0.016,r=0.364), creatinine and potassiufP~0.002,r=0.447), and between creatinine and sodi®mr0(019,

r=0.362).
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Figure 3: Serum levels of urea, creatinine, potaasin and sodium in sheep with experimental CRF
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Figure 4: Packed cell volume in sheep with experinmal CRF
DISCUSSION

A large-animal model of chronic renal failure (CRFroduced by subtotal nephrectomy, has been create
specifically to study the pathophysiologic change€RF. Serum concentrations of urea and creatidoaot rise
appreciably above the normal range until 60-75%egfhrons are destroyed [10].Progressive increaserafn urea
concentration was accompanied by creatinine elewaii all animals. These changes are predominardratalities

in most species with renal failure [12,14,15,16].

The plasma potassium values increased after nephmgdn these sheep. Mildly increases in serum gsiten

concentrations after bilateral nephrectomy had beparted in sheep [11,12] and cattle [15,16]. Higpkemia is on

one the important index of renal failure and dimyisut failure of the progressive rise in the plaspotassium
values in ruminant after total nephrectomy wasgaesi to more excretion of this ion via the salitd,16]. Since
we did not analyze the saliva potassium conteodyeelation is difficult to establish. Additionalplasma potassium
concentrations quite variability had been reporiteczotemic cattle with various disease conditiftjsSerum

albumin was mildly increased in uremic sheep bugnitssignificant. This finding, which was attribdtto decrease
water consumption and dehydration, is contrary dogtheld beliefs that renal failure cause hypopnet@ia

secondary due to proteinuria and glomerulosclerf#i®ecrease in packed cell volume might be dueetual

dysfunction and emphasize the kidney roles in petida of erythropoietin.

Urinalysis is an essential component of the exatiinaf the urinary system and a method had besariteed for
steer, recently [2]. But total urine collectionmesheep wasn't successful in this experiment. Gibgeobservation
of sheep pens revealed that oliguria occurred hafter surgeriesand polyuria occurred 4 weeksrafécond stage
of surgery that cause bed wetness.

Preferably, the sheep should be maintained in estebtonic renal failure for relatively long periodétime for

experiments of long-term design. To illustrate thesteria in animal model selection, a total neghomy model
(an anephric model) would not qualify as an ideabtterm model because the most animals would&ifer less
than 100 hours without dialysis support [3,12]. &xmental uremia has also been induced by surgécabval of
both kidneys but the results, especially in rumisaare quite different from those in naturally wecing renal
failure. The clinical pathology is similar but tleds a prolonged period of normality after the suyg10]. Selective
ligation of the renal arteries provides an altamgatmethod of inducing experimental uremia. Brieflyilateral
(right) nephrectomy is combined with ligation of st@f the primary and secondary divisions of thémteft renal

artery. The degree of renal infarction is assegsediscoloration (for example, 75% of the kidnegpgahence, is
interpreted as ischemia that progresses to infarclihe feasibility of achieving a reproducibleaic renal failure
model by vascular ligation, even in the case ajdarmnimals, is also compromised by the formatiboadlateral

vessels that bypass the ligated branches and ¢basistent ramification pattern of the renal ar{é#j.
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