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ABSTRACT

PURPOSE: The use of the collared peccary as an experimental model for ischemic nephropathy.

METHODS: A total of 12 collared peccary (Tayassu tajacu) was used and ischemic nephropathy was induced in six of these animals
that constituted the experimental group (G1) while the other six formed the control group (G2). Ischemic nephropathy was induced
surgically by partial occlusion of the left renal artery. The disease course was assessed by hematological tests, serum chemistry, urinalysis,
ultrasound (US) and doppler ultrasound function of the renal artery before induction, and at five, 10, 15 and 20 days after surgery.
Twenty days after the occlusion, unilateral nephrectomy and histopathological examination were performed to assess renal morphology.
RESULTS: Statistical analysis by Fischer’s test showed a significant difference (p<0.05) between the control group and the experimental
group. The histopathological examination showed glomerular, tubular and interstitial lesions. In the experimental group, 83.3% (5 /6)
showed moderate renal lesions and only 16.7% (1/6) were classified with no lesions. The ultrasound examination of the right kidney
presented statistical difference between day 5 and day 10 post occlusion.

CONCLUSION: The collared peccary as a good experimental model for ischemic renal disease, because it could be manipulated
during the research time without death, with health conditions that permit any subsequent procedure for disease therapy.
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Introduction

Obstructive disease of the renal arteries or renovascular
disease can produce two different and independent clinical
conditions: renovascular hypertension and renal insufficiency
(RI)'. Renovascular hypertension by clamping the artery was first
described by Goldblatt ez al.?, pioneer in rat models, focused on
pathophysiology study and renovascular hypertension treatment.
Jacobson®, based on studies with hypertension, created the term
ischemic nephropathy (IN) considered the standardized model for
renal failure induction.

Currently, this technique is mainly used to test
treatments for kidney disease or to obtain greater knowledge of
the IN mechanisms through the extension of the lesions, as well as
explanations for renal artery stenosis, a disease commonly found
chronically in humans®. The renal ischemia induction model has
previously been performed in animals such as rats' and pigs® to
analyze the severity and extent of injury and to evaluate therapeutic
treatments for secondary hypertension®.

Several experiments using stem cell therapy in renal
lesions have been made in recent years. A study in rats with
mesenchymal stem cell therapy for acute kidney injury induced
by ischemia/reperfusion model therapy accelerated renal tissue
recovery’. The same occurred in a wild rodent (agouti - Dasyprocta
prymnolopha) model, in chronic renal injury induced by drugs®.

An effective animal model enables the investigation of
spontaneous or induced pathological process and resembles the
same phenomenon/disease in one or more aspects of the pathological
process in humans®. The domestic pig is still widely used as an animal
model for the study of human disease, and has been shown to be
similar to man for biological, anatomic, physiological and nutritional
characteristics'®. However, it has relatively high market value for use
in scientific experimentation because of its maintenance. The Suidae
model extensively used in various fields of biomedical research,
currently, is the mini pig, that is cheaper and easier to maintain under
controlled conditions than the domestic pig'.

Collared Peccary (Tayassu tajacu) is an ungulate mammal
of the Tayassuidae family. The species resemble pigs because they
belong to the same order, Artiodactyla, although the pig belong to
the Suidae family'>". Currently these animals are being bred in
captivity for economic purposes in some regions of Brazil, and are
found from Argentina to southeastern United States'’. It has body
length ranging from 75 to 100 cm and weight 14 to 30 pounds.
They are omnivorous animals and adapt to various types of food
in captivity. The food items most commonly ingested by peccaries

are maize, cassava , pumpkin , sugar cane , balanced feed for pigs

or horses (14% crude protein) and banana pasture (cane, elephant
grass, brachiaria and cornstalk ) in specific quantities's"".

The collared peccary has reference values for CBC'S,
biochemical serum'®', urinalysis'® and renal ultrasonography®.
Knowledge of renal vascular anatomy provides subsidies for surgical
techniques, allowing the identification and dissection of the renal
pedicle vessels and consequently the partial occlusion of the renal
artery. According to Machado ef al?', the kidneys of the collared
peccary (Tayassu tajacu) have defined renal vascularization in the
main renal arteries that branch into sector arteries. The left kidney
has triple sectoral arteries and the ventrocaudal artery predominates.
Romagnolli ef al.** analyzed the renal anatomy of the Tayassu pecari
and stated that it (Tayassu peccary) belongs to the same family as
the collared peccary, Tayassuidae, renal artery is always single, a
fact also observed in collared peccary?!, wild boar (Sus scrofa)? that
belong to superfamily Suidoidae and the domestic pig*.

Considering the biology of the collared peccary, their
hardiness, disease resistance and good adaptability in captivity,
this species could represent a good alternative suidea model for
experimental research. The objective of the present study was to
establish the collared peccary (Tayassu tajacu) as an experimental

model for surgically induced ischemic nephropathy.

Methods

The protocols used in this experiment were approved
by the UFPI Ethics Committee for Experimentation (EAEC Case
No. 041/11) and the Authorization and Biodiversity Information
System-SISBIO (Case No. 33058).

This experiment was performed using peccary (Tayassu
tajacu) males reared in the Center for the Study and Preservation
of Wild Animals - NEPPAS (registration at the Brazilian Institute
of Environment and Renewable Natural Resources, IBAMA, No.
02/08-618) of the Federal University of Piaui (UFPI).

Experimental design

A total of 12 collared peccary (Tayassu tajacu) was used
and ischemic nephropathy was induced in six of these animals
that constituted the experimental group (G1) while the other six
formed the control group (G2). The kidneys of the animals (G1)
were evaluated by hematologic tests, urinalysis, ultrasound and
Doppler ultrasound before induction, and repeated at five, 10, 15
and 20 days after induction. The animals were subjected to renal
ischemia by partial occlusion of the renal artery, and 20 days later

unilateral left radical nephrectomy was performed. The control
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group (G2), also consisting of six collared peccary, the left kidneys
were collected by unilateral total nephrectomy for histopathology.
Animals considered clinically healthy were identified
, weighed, kept in NEPPAS in individual stalls cleaned daily,
fed commercial diet (minimum 16% crude protein, 3.03% ether
extract - 3.03% 5.5% - fibrous matter, 5% ash, 7.5% calcium -
1.3% and phosphorus - 0.7%), and corn, fruits, tubers and water
ad libitum. The weight of the animals ranged from 12 to 15 kg.

Anesthesia

In all procedures, the animals were restrained chemically,
after a 24-hour fasting period 12 hours without liquid, in the
morning with a combination of 15 mg/kg ketamine (Dopalen®)
associated with 1 mg/kg maleate midazolam (Dormire®) using a
pneumatic blowpipe dart designed by (DistInject®).

For the surgical procedure, after chemical restraint, the animals
were transported to the operating room of the Veterinary Teaching
Hospital (HVU), Center for Agricultural Sciences, UFPIL, where the
cephalic vein was cannulated with a 20G catheter and were maintained
with infusion of Ringer’s lactate. They were induced to inhalational
anesthesia with 5 mg/kg propofol (Propovan®), intubated with a 7.5
endotracheal tube and maintained with isoflurane (Isofturane®) diluted
in 100% O,. The animals were monitored throughout the trans-operative

period by cardiac monitor and pulse oximeter.
Sonographic evaluation and Doppler function

The bilateral kidney morphological evaluation was
performed by ultrasound equipment Chison Q6 probe microconvexa
6-8 MHz and 10-12 MHz probe. The values kidney size, length and
diameter and morphological description of echogenicity patterns
were measured. Doppler velocity values of flow and vascular
resistivity index were observed. The examination was performed

again at five, 10 and 20 days after inducing renal injury.
Laboratory evaluation

For urinalysis, urine was collected by ultrasound-guided
cystocentesis to perform the analysis in a hand refractometer
(Quimis Q667 - 5), tape urinalysis (Uriquest Vet Plus the Labtest).
Physical, chemical and sediment urine aspects were evaluated,
along with other findings of urinalysis.

To check the renal function of the animals, 5 ml of
peripheral blood were collected from the cephalic vein punctured
with a sterile 10 mL syringe attached to a 23G needle. The blood

562 - Acta Cirurgica Brasileira - Vol. 29 (9) 2014

was centrifuged at 3000 revolutions per minute (rpm) for 10
minutes to remove the serum and perform serum biochemical
dosage (Doles model D- 250) of urea, creatinine, calcium,

phosphorus, potassium, and alkaline phosphatase.

Surgical induction of renal ischemia and nephrectomy

Ischemic nephropathy was induced by clamping the renal
artery (Figure 1). After shaving the abdomen and skin antisepsis with
2% chlorhexidine and 1% iodine alcohol, the hind animals underwent
laparotomy in the left flank. The skin was incised in dorsoventral
direction and the external, internal oblique and transverse oblique
muscles were separated. The transverse fascia and peritoneum were
incised, and with the aid of Farebeuf retractors, the left kidney was
visualized and the renal pedicle identified. The left renal artery was
dissected and isolated with the aid of 0 cotton yarn, and after putting
up a parallel 24G hypodermic needle (20 x 0.55) renal artery occlusion
proceeded by suture around the renal artery and superimposed on the
same needle. After the surgical knot, the needle was withdrawn, thus
promoting partial occlusion of the renal artery and standardization of
the technique for all animals. Then followed the abdomen closed with

the approximate muscles separated by in X with Nylon 3-0 and skin,

separated with Nylon 3-0 single sutures.

FIGURE 1 — A. Collared peccary (Tayassu tajacu) kept under inhalation
anesthesia in the operating room of the HVU, UFPI. B. Exposure of the
left kidney by the left flank laparotomy with removal of internal, external
peritoneum and transverse, internal and external oblique muscles. C. View
of the left renal pedicle for dissection of the renal artery. D. Hypodermic
needle placed parallel to the left renal artery and anchoring cotton yarn
0. E. Surgical knot for partial occlusion of the renal artery. F. Arterial
occlusion completed with the withdrawal of the hypodermic needle
allowing the passage of reduced blood flow.
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For the postoperative care the peccaries received 40.000
IU benzantine benzylpenicillin (Bepeben®), flunixin meglumine
(Banamine®), 2mg/kg dipyrone (Algivet®) and 25mg/kg tramadol
(Tramadon®). For topical wound treatment, rifamycin spray was
used (Rifocina®) and healing ointment (Alantol®). Twenty days after
inducing partial ischemic nephropathy, total unilateral nephrectomy
was performed, using the same anesthetic protocol. A laparotomy
was performed through the left flank of the animals. The renal pedicle
was identified and dissected to separate the artery, renal vein and
ureter, performing a dual ligation of these elements, sectioned, there
between, and then the kidney was taken out of the cavity. Subsequently
laparorrhaphy, dressing and postoperative care were performed, as

already indicated in the surgical induction of nephropathy.
Renal histopathological evaluation

of the
cortex and medulla of the injured kidney, 5 mm thick, fixed in

For histopathological analysis, fragments
Bouin for 24 hours, processed and embedded in paraffin, were
collected, according to the routine technique, in the Animal
Pathology Laboratory, UFPI. Prepared Sum thick cuts stained
with hematoxylin-eosin, Masson’s trichrome staining of fibrous
connective tissue, PAS (Periodic Acid Schiff) and PAMS (periodic

acid - Metamina Silver) for evaluation of basal cell membranes.

Statistical analysis

Renal lesions were identified and classified according
to adaptation of the methodology described by Konopka et al.'.
Intensity levels were classified into four grades: absent, mild,
moderate and intense, and statistical analysis was assigned values
of 0, 1, 2, 3, respectively. The qualitative responses relating
to the examination were analyzed in 2 x 2 contingency and the
Fisher exact test table. The statistical objective was to compare
the animal before (day 0) and after induction (20 days) to verify
the effectiveness of the collared peccary as an animal model for

The data obtained in serum biochemistry, complete
blood count, ultrasound (US), US Doppler vascular urinalysis
and quantitative analyzes were analyzed by parametric statistics
in a completely randomized design and means were compared
by Student’s t test. Qualitative responses found in urinalysis
were replaced by scores according to Belommo ef al.? and the
nonparametric Kruskal-Wallis test was used. All statistical
analyzes were performed by the Graph Prism 6.0 statistical

program. A significance level was adopted of p < 0.05.

Results

The results for the induction of ischemic nephropathy in
collared peccary (Tayassu tajacu) showed no systemic changes,
the animals remained clinically healthy. However, the obstructed
kidney had focused alterations. The animal model was resistant
to multiple surgical procedures and secondary infections and
also presented rapid healing. There were no animal deaths in
this experiment. Regarding the serum chemistry values related
to urea, creatinine, calcium, phosphorus, potassium, and alkaline
phosphatase were not statistically different (p>0.05) by the Student
t test (Table 1) and the animals did not show change in the values
after induction at five, 10, 15 and 20 days compared to healthy
animals (day 0).

As for the values of CBC, white and red blood were
evaluated (Table 2), again the averages did not differ between days
5, 10, 15 and 20.

Means followed by the same letter on the same line do
not differ statistically (p>0.05) when compared between days 0,
5, 10, 15 and 20 days, by comparison of means and Student t test.

In the urinalysis analyses, comprising urine physical,
chemical and sediment examination (Table 3) and serum
biochemistry and blood count, there was no significant difference
between the experimental and control groups for quantitative
assessments and regarding the urinalysis group, there were no

differences between days evaluated by the Student t test at 5 %

induced nephropathy. significance.
TABLE 1 - Values of biochemical tests in collared peccary before and after induction of ischemic nephropathy.

Evaluated data 0 day 5 days 10 days 15 days 20 days

Urea (mg/dL) 24.20+4.55° 23.48+2.40° 26.86+3.36° 37.66+13.49° | 31.90+4.64°
Creatinine (mg/dL) 1.960.22° 2.18+0.34° 2.55+0.44° 2.63+0.32° 2.33+0.31°
Calcium (mg/dL) 9.92+0.59° 9.64+0.74° 9.62+1.11° 9.40+0.96° 8.54+0.85°
Phosphorus (mg/dL) 14.89+5.16° 9.82+3.58° 10.14+4.60° 7.28+0.62° 7.32+£0.72°
Potassium (mmol/L) 4.27+0.27° 3.89+0.29° 2.74+0.43° 3.20+0.98° 3.92+0.58°
AF (UI/L) 222.03+60.47° | 169.48+32.26° | 143.12 +31.65" | 167.62+39.59° | 188.17+53.04°

*Means followed by the same letter on the same line do not differ statistically (p>0.05) in the collared peccary in biochemical analyses com-
pared between days 0, 5, 10, 15 and 20 days, by comparison of means and the Student t test. FA; Alkaline phosphatase.
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TABLE 2 - WBC count in (7ayassu tajacu) before and after inducing ischemic nephropathy surgical renal artery occlusion.

Evaluated data 0 day 5 days 10 days 15 days 20 days

RBCs (x 10°/uL) 7.12+0.73° 5.65+0.16° 6.80+0.49° 6.62+0.58° 6.54+0.34°
Hemoglobin (g/dL) 12.49+0.59° 10.65+0.26° 12.40+0.51° 12.00+1.17° 11.13+0.50°
Hematocrit (%) 35.77+1.17° 29.78+1.49° 35.47+2.07° | 32.68+2.12° 32.73+1.81°
MCV (1) 51.80+3.15° 52.93+1.11° 52.83+2.75° | 50.05+3.31° 50.48+2.82°
MCH (pg) 18.07+1.27° 18.93+0.70° 18.52+1.05° 18.33+1.66° 17.17+1.02°
MCHC (%) 34.90+1.20° 36.00+2.01° 35.18+1.30° | 36.63+2.11° 34.12+1.11°
Platelets (x10° mm”) 321.17+65.94° | 358.75+45.06° | 329.00+29.76° | 341.75+56.8° | 441.66+66.44°
Leukocytes (x103/pl) 15.43+4.77° 14.15+2.58° 22.47+4.63° 18.95+3.25° 14.22+2.49°
Myelocytes (%) 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
Metamyelocytes (%) 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
Rods (%) 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.17+0.17°
Segmented (%) 33.0046.402 55.50%5.19° 46.67+5.60° | 47.75+6.10° 54.17+7.35°
Eosinophils (%) 4.50+2.142 4.00+2.27° 3.33#1.23° 2.00+0.91° 1.67+0.71°
Basophils (%) 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
Typical Lymphocytes(%) 61.50%5.44° 39.25+4.82° 48.83+4.63° 48.00+6.98° 42.67+7.04°
Monocytes (%) 1.00+0.37° 1.25+0.25° 1.17+0.40° 1.25+0.75° 1.33+0.61°

TABLE 3 - Analysis of urine analysis peccary (Tayassu tajacu) before and after submission of ischemic nephropathy renal artery occlusion.

Evaluated data 0 day 5 days 10 days 15 days 20 days
Density 1017+4.094° | 1012.8+2.24° | 1019.5+1.89° | 1008.66+1.76° | 1023.6+8.65"
Ph 6.75+0.65" 7.240.73° 5.75+0.75° 7.66+0.33° 7.1£0.4°
Glucose (mg / dl) 0x0° 020° 020° 0£0° 0£0°
Ketone (mg / dI) 020° 020° 020° 0£0° 0£0°
Nitrite (mg / dI) 020° 020° 020° 0£0° 0£0°
Color 1.5+0.34° 1+0° 2+0.70° 1+0° 1.6+0.6°
Aspect 0+0° 0.40.4° 0+0° 0+0° 0+0°
Cells 0.5+0.22° 0.4+0.29° 0.5+0.28° 0+0° 0.240.2°
RBCS 0+0° 0+0° 1.25+0.62° 0+0° 0+0°
Leukocytes 0+0° 0+0° 0+0° 0x0° 0x0°
Protein (mg / dI) 20+10° 3616 30x0° 40+10° 50+13.78°
Cylinders 0.50.5° 0.4+0.24° 0.5+0.52 0.33+0.33° 0.4+0.24°
Mucus 0+0° 0+0° 0+0° 0+0° 0+0°
Bacteria 0+0° 0.610.6° 0+0° 0+0° 0+0°
Crystals 1.33+0.61° 1.2+0.58° 1.5+0.86° 1+1° 0.8+0.58"

Qualitative data were replaced by scores and analyzed
by the Kruskall- Wallis test at 5% significance level, the means
were shown to be equal before and after treatment among the
days of the experiment (Table 3). Physical examination showed
pale yellow color, straw, gold and cloudy, with a predominance of
light yellow color and usually clear urine. The pH of the animal’s
urine remained close to neutrality, ranging between acid and basic

character, but without significant difference. Ketones, nitrites,
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glucose were found, as well as leukocytes. In all periods there were
findings related to epithelial cell desquamation and transition.
Urinary evaluation showed proteinuria, casts (granular
cylinders) and crystalluria (crystals of oxalate monohydrate and
dihydrate calcium, triple phosphate and sodium urate) in all the
evaluation periods of the experiment. Mucus was not observed in any
period, and bacteria were found in only one animal, and only on day

5, indicating urinary tract infection that was treated with antibiotics.
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Means followed by the same letter on the same line do
not differ statistically (p>0.05) when compared between days 0,
5, 10, 15 and 20, by comparison of means and the Student t test.

Table 4 shows the length and diameter of the kidneys,
obtained by ultrasound. In the Doppler examination of normal
renal blood flow proved partial occlusion of the renal artery as
shown in Figure 2, in which part of the blood coming to the renal
hilum can be seen that irrigates the interlobular and arched arteries.

Means followed by the same letter on the same column
do not differ statistically (p>0.05) when compared between 0, 5,
10, 15 and 20 days, by comparison of means and the Student t test.
Diam: Diameter; RI: resistivity index; BF: blood flow.

In the kidneys of animals in the control group,
there was preserved size, contours and regular edges. The
corticomedullary ratio was preserved with homogeneous
echotexture in the cortical parenchyma and the renal pelvis
showed normal pattern. Examination by color Doppler showed

a blade flow pattern close to the renal artery, without tortuosity,

stenosis or obstruction. Spectral Doppler showed normal
pattern systolic and diastolic waves with preserved speeds (the
standard for the species was reached) and preserved vascular
resistance index (Figure 2C) (Table 4).

Post- induction and normal kidneys revealed
topographical syntopy in all the animals. There was loss of
heterogeneity and coarse echotexture, characterized by diffuse
hypoechoic foci through cortical parenchyma (Figure 2A). The
overall echogenicity was shown to be increased in relation to the
spleen (left kidney near isoechogenic) and liver (isoechogenic or
hyperechoic right kidney). There was loss of corticomedullary
ratio, showing a hyperechoic halo of crystal deposition in the
corticomedullary border (Figure 2B). The vascular flow proved to
be reduced when examined by color Doppler, with hypoperfusion
and lower arcuate arteries (obstruction) (Figure 2D). An increase
was identified in vascular impedance, increased resistivity rates,
compared to normal and pre-induction, showing decrease in

diastolic and high systolic peak flow.

TABLE 4 - Sonographic and Doppler vascular kidney examinations before and after inducing ischemic nephropathy surgical renal artery occlusion in

collared peccary.
Left Kidney Right Kidney
Days | Length(mm) | Diam(mm) RI BF (cm/s) Length(mm) | Diam(mm) RI BF (cm/s)
0 | 54.81+1.58° | 26.96+2.21° | 0.41+0.01° | 25.86+0.81° | 59.44+0.81°™ | 24.77+0.79° | 0.38+0.02° | 26.30+2.06°
5 | 56.07+1.46° | 28.20+2.18° | 0.43+0.01° | 26.90+0.86° | 60.38+0.77° | 26.11+0.61° | 0.42+0.01° | 28.00+1.70°
10 | 55.31+1.55% | 27.47+2.29° | 0.45+0.01° | 27.88+0.60° | 61.16+0.83° | 26.79+0.54° | 0.46+0.01° | 28.76+1.71°
20 | 52.84+1.54° | 24.69+2.16° | 0.47+0.01° | 26.18+1.15° | 60.65+0.79>™ | 26.27+0.62° | 0.44+0.01° | 28.53+1.70°

FIGURE 2 - A and B. Collared peccary ultrasound of the left kidney (Tayassu tajacu) post-induction of partial occlusion. C. Doppler left kidney,
normal flow. D. Doppler after induction of renal partial occlusion of the left renal artery.
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Among the findings, the renal length increased
significantly (p<0.05) (Table 4) of the right kidney on the 10th day
post-ischemic induction, compared to day 5 (Figure 3A), but no
differences were presented in renal length and diameter in other
periods. However, means analysis showed a slight reduction in
the length and diameter of the left kidney from day 10 and the
decrease continued until the 20th day post- induction (Figure 3D).

The spectral Doppler US showed values for the blood flow
velocity in the renal artery and resistance index. These parameters
on the assessment days showed no statistical differences (Table 4).
The resistivity index (RI) of the left kidney, despite not showing
statistical difference, maintained a slight increase until the 20th
day after induction. The right RI had a similar reaction, but there
was a slight decrease on day 20, thus differing from the partially
obstructed contralateral kidney (Figure 3B). The right artery blood
right flow velocity (cm/s), even though there was no significant
difference, showed a slight increase after partial occlusion, a fact
that also occurred in the left artery, but speed decreased from 10
days post-occlusion until the 20th day (Figure 3C).
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Histopathological examination of the kidneys of animals
in the experimental group showed significantly more severe
injuries than the control group (p<0.05), demonstrating that the
technique enabled the induction of ischemic nephropathy in the
test model. In 83.3% (5/6) of the animals in the experimental
group glomerular, tubular and interstitial lesions in moderate
degree were observed in the cortical and medullary regions of the
kidney and these lesions did not occur in only 16.7%(1/6).

The main changes in the renal corpuscles were atrophy of
glomerulus with nuclear pyknosis of some glomerular cells, indicating
glomerular necrosis or apoptosis (Figure 4B). The urinary space
(Bowman’s space) was 16.7% (1/6) of the control group and 33.3%
(2/6) in the experimental group, a discrete amount of proteinaceous
material was observed (Figure 4A). In 83.3% (5/6) of the animals there
was renal ischemia thickening of the glomerular capillary basement
membrane, increase in the urinary space (Figure 4D), glomerular
sclerosis in 100% (6/6) and thickening glomerular capsule was observed
in 83.3% (5/6) (Figure 4F). The proximal and distal convoluted tubules
and straight nephron loop tubules also had lesions (Figure 4G and H).
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FIGURE 3 - Analysis of values for the kidney length (A), resistivity index (RI) (B), blood flow (C) and diameter (D) before (day 0) and after partial

occlusion of the left renal artery (5, 10 and 20 days) in collared peccary.
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FIGURE 4 - Photomicrograph of collared peccary (Tayassu tajacu) kidney.
A. Normal kidney showing intact glomeruli and renal tubules. Coloration:
HE. Magnification: x200. MP: proteinaceous material in the urinary and
intratubular space. B. Kidney after partial induction of ischemic nephropathy.
Atrophy of the glomeruli and increased urinary space (arrow). Coloration:
HE. Magnification: x400. Normal. C. Kidney. Basement membranes and
mesangial matrix stained black. Coloration: PAMS Increase: x200. D.
Rim after partial induction of ischemic nephropathy. Thickening of the
glomerular capillary basement membrane (blue arrow) and glomerular
capsule (yellow arrow); Atrophy of glomerulus (red arrow). Coloration:
PAMS Increase: x200. E. Normal kidney showing the normality of the
glomerular membrane, capsular and tubular capillaries. Staining: PAS,
magnification: x400. GR: renal glomerulus; TR: renal tubule. F. Kidney after
partial induction of ischemic nephropathy. Thickening of the glomerular
basement membrane capsule (arrow). Staining: PAS, magnification: x400.
G. Degeneration of tubular epithelial cells (yellow arrows) with pyknotic
nuclei (blue arrow). Coloration: HE, magnification: x400. H. Tubular
degeneration (yellow arrows) Coloration: HE, magnification: x400.

Renal tubule tubular atrophy, degeneration and necrosis
were found in 83.3% (5/6). In the animals of the experimental
group, the cells had pyknotic nuclei, increased cytoplasmic
eosinophilia and occasionally intratubular cellular debris (Figure

4H). In relation to the tubular basement membrane thickening

was 83.3% (5/6), rupture 66.7% (4/6) (Figure 5A). In 66.7%
(4/6) a variable amount of intratubular proteinaceous material
was observed classified as hyaline casts (Figure 5B). In 83.3%
(5/6) in some tubules ectasia was identified of the cortical region
of the kidney (Figure 5G and H). Among the interstitial injuries,
periglomerular interstitial nephritis was observed in 83.3% (5/6)
cases, demonstrated by the presence of inflammatory infiltrate,
consisting of macrophages, lymphocytes and plasma cells
(Figure SH), severe interstitial fibrosis in 83.3% (5/6) (Figure 5D)
congestion in 33.3% (2/6), interstitial edema in 33.3% (2/6) and
hemorrhage areas in 16 7% (1/6) (Figure 5E, 5F).

FIGURE 5 - Photomicrograph of collared peccary (Tayassu tajacu)
kidney after induction of partial ischemic nephropathy. A. Broken tubular
basement membranes (arrow). Coloration: PAMS Increase: x200. B.
Intratubular hyaline cylinders (arrows). Coloration: HE, magnification:
x200. C. Dilatation of the renal tubules. ET: tubular ectasia; TR: renal
tubule. Coloration: HE, magnification: x200. D. Dilation of renal cortical
tubules and mononuclear interstitial nephritis (yellow arrow). ET: tubular
ectasia. Coloration: HE, magnification: x200. Normal. E. Kidney. F.
Kidney after partial induction of ischemic nephropathy. Intense interstitial
fibrosis stained blue. Coloration: Trichrome Massom, Magnification:
x200. G. Perivascular edema (yellow arrows). HE, x200. H. Extensive
focal hemorrhage (white arrow). Coloration: HE, magnification: x200.
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Discussion

The experimental studies of the induction of ischemic
nephropathy technoque for partial occlusion of the renal artery
were satisfactory. The animals used in this study had similar
disease characteristics with lesions in the renal parenchyma, as
reported by Konopka et al.! stating that stenosis can be detected
by an atraumatic ligation with surgical suture. A reduction was
observed in the present experiment of about 3/4 of initial diameter
of the artery to produce hemodynamically significant stenosis
confirming the effectiveness of an experimental model.

Studies in the literature on the renal vascular anatomical

pattern in collared peccary?® and phylogenetically related

2224 were important to the success of the surgery, since they

species
supported the technique used for dissection and occlusion of the
left renal artery to induce renal ischemia.

Biochemical analysis of the animals showed that for
serum urea levels before and after inducing ischemic nephropathy,
values were taken absolutely within the numerical range for the
reference species'®?. Increasing concentrations of urea and serum
creatinine are considered diagnostic factors for Acute Renal Failure
(ARF) and Chronic Renal Failure (CRF)*. However, although
these levels remained stable in research, it can be said that they are
not good markers to indicate either acute or chronic renal lesions,
because they did not alter even with this unilateral injury.

The hematological profile of the animals showed no
differences between treatment groups and were in accordance
with references to species'®®. Thus, the animals showed no
changes in normocromia normocitosis and platelets in all phases
of the experiment, including the control group. However, on the
Sth day after surgical induction a slight decrease was observed,
which can be justified by restraint, therefore, both chemical and
physical restraint can cause changes in haematological parameters
in animals®?®. The platelet count of the animals was within the
range found for domestic pigs®.

The leucocyte count showed morphologically normal
leukocytes during the experiment, which may characterize an ARF
or CRF even show a stress response to illness with neutrophilia®'.
However, as in all periods the average value found was above the
benchmark for peccaries'®*, featuring leukocytosis, it is believed
that these values consist of a standard among animals used and
were not caused by the induction of nephropathy.

Physical examination of the urine of the animals showed
predominance of light yellow color and usually clear urine indicating
normality with normal urine specific gravity the same as the normal

values for domestic pigs®*. Urinary evaluation showed proteinuria,
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crystalluria and casts in all evaluation periods of the experiment,
including the control group, that therefore were not caused by
induced nephropathy and make the profile for the animals used.

Protein values obtained were well below the standard
for the species'®, however, the proteins in a healthy individual are
usually not found in urine. This occurs because the proteins have
a high molecular weight and the few that can pass through the
glomerular filter are then reabsorbed by the renal tubules. A small
amount may, however, escape and appear in urine in trace amounts,
especially in concentrated urine®. However, the small proteinuria
present in healthy animals can be caused by stress, as well as in
commercial pig farming where it is a problem in the system, or a
high amount of protein ingested®. Thus, the protein requirement
of the collared peccary is 14%, relatively low crude protein'’ and
nutritional requirement of 794.05 kcal/day**, however, the diet
offered to the animals contained 16% crude protein in the diet of
the animals, thus, it may have caused proteinuria in animals both
on day 0 and in the other periods of the experiment.

Ultrasound examination showed an increase in right renal
length on day 10 compared to day 5 after induction. Compared to
reference values®, there was an increase from the 10th day with a
slight decrease on day 20, but still larger than the referenced values.
The right kidney showed no wide divergence cited as the standard
for the species®, nor statistically significant difference, however,
a slight increase was observed from the 10th day of occlusion, as
occurred with renal length. The discrete contralateral hypertrophy is
probably due to an early compensatory intact response to maintain
the function of both kidneys, since one had decreased functional
capacity, a fact that also occurred in rabbits with induced CRF*.

In Doppler ultrasound, the rate of intra -renal resistance to
blood flow can be visualized and evaluated by calculating the RI?,
which shows a reflection of renal parenchymal resistance®’. Mean
RI values calculated in each kidney may assist in the diagnosis
of obstructive unilateral pathologies***'. The resistivity index and
flow velocity in the right and left kidneys showed no alterations,
probably due to the ability of renal autoregulation, which allows the
maintenance of constant organ blood flow despite possible changes
in existing infusion, treating initial compensatory responses without
any neurohormonal influence. The intrinsic renal autoregulatory
mechanism maintains blood flow constant over a wide range of
blood pressures (from 60 to 180 mmHg in humans), however, above
these thresholds self-regulation no longer occurs®.

In the case of RI, compared to a study made in humans
post-transplant, it was found that the RI was not significantly
different between patients with edematous alterations not only

fibrosis with tubular atrophy and interstitial fibrosis and glomerular
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and vascular sclerosis®, a fact that explains the lack of statistical
difference in the injured peccary kidney has proven areas of
intense interstitial fibrosis.

However, there was a small increase in the values of the
left renal RI and decreased flow velocity from the 10th day of
occlusion. This slight change was possibly due to the narrowing
in the artery of the distributor body that caused an increase in the
resistance and consequently the reduction of perfusion pressure
and flow velocity*. It is known that higher than normal values for
resistance index were reported in some nephropathies®. A reverse
situation occurred in the intact contralateral kidney with decreased
RI and increased flow velocity, as was mentioned earlier probably
due to the onset of intrinsic compensatory response.

Histopathological examination was conclusive to validate
the induction of renal ischemia in peccaries. The hematological
and biochemical tests were within the reference range for the
species. This is due to the fact that the model used in both kidneys
and stenosis could maintain normal levels of blood and urinary
metabolites in the body through the healthy contralateral kidney.
This fact has been observed in studies on the correlation of
sonographic and histopathological findings in renal diseases®.

Major renal histopathological changes of the peccary
with induced ischemia were degeneration and tubular necrosis.
These injuries are directly related to ischemia, because a decrease
in oxygen delivery to the kidney leads to tubular degeneration.
The loss of integrity of the cytoskeleton of renal tubular cells and
the disruption of actin initial events are crucial to the occurrence
of nephrosis, the microvilli are lost with the cytoskeleton*. Cell
adhesion is hindered in the narrow joints (occludin loss) and along the
basolateral membranes (loss or redistribution of the integrin). These
events facilitate the detachment of tubular cells, which are released
from the tubular basement membrane and also one from the other*,
confirming the histopathological changes observed in this study, in
which occasionally piknotic intratubular cells were observed.

With the persistence of the ischemic stimulus, cell
necrosis occurred and was observed in the tubular epithelium of
the kidneys subjected to ischemia of the animals. Cell necrosis
was marked by nuclear changes such as pyknosis, karyorrhexis
karyolysis or associated with cytoplasmic homogeneity and
acidophilia. Often battered cells still survive presenting only
sublethal changes such as vacuolar or hydropic degeneration with
mild metabolic changes, but still compatible with cell survival.
Associated with cell death by necrosis, apoptosis regulatory
genes are also activated culminating in the greatest loss of cells
along the nephron segments that contribute to the onset of renal

failure**°. Another factor that contributes to the pathophysiology

of acute tubular necrosis is intra-renal vasoconstriction, which
may compromise the circulation by 50%, which hampers oxygen
release, exacerbating ischemia*®.

In mice , morphological changes consistent with ischemic
necrosis of renal tubular cells are found after at least 30 minutes
of ischemia and after over an hour of reperfusion**** and in rats
subjected to ischemia only renal'. Common findings relate to renal
injury in the ischemic swine model®".

The changes observed in the kidneys of the animals,
subjected to ischemia, were predominantly tubular glomeruli with
a few morphological changes. This is due to the fact that in the
glomeruli, in spite of ischemia, do not undergo necrosis because
they are predominantly connective structures and therefore have
lower metabolism. The tubular cells, which are epithelial, have
high metabolism, especially the proximal tubule cells, which are
rich in mitochondria®'. The tubular atrophy present in 83.3% of
the animals with induced disease was in accordance with a similar
experiment on rats, in which 89.3% (75/84) of animals also
showed this lesion'.

Costa et al®* in an experiment in rabbits induced
nephropathy and reported that the most striking feature of the
chronicity of the lesions was characteristic subcapsular interstitial
fibrosis, dilatation of renal glomeruli or collectors and dilated
ducts with areas of sclerosis tubules. These observations were
also identified in this research. The maintenance and chronicity
of ischemia for 20 days resulted in renal interstitium, extensive
fibrosis, glomeruli atrophy, partial or total glomerular sclerosis.
Allied to this, there was mononuclear cell infiltration, hemorrhage
and congestion, demonstrating tissue reaction in contrast to the
ongoing damage caused. Similar results were found in the ischemic
rat model*, and domestic pigs’'.

Typical lesions of chronic kidney disease in dogs and cats
include a variety of degrees of tubulointerstitial lymphoplasmacytic
nephritis, fibrosis, tubular death, hypertrophy of some tubular
epithelial cells, mineralization of tubular basement membrane and
interstitium, glomerulosclerosis and obsolescent glomerulus®'.
However, in experiment in mice!, interstitial infiltration occurred
early on from the first time (seven days) of occlusion, in almost
all 98.8% (83/84) of the animals, a highly significant occurrence
throughout the experiment.

It is known that in acute IRA caused by nephrosis
interstitial inflammation is minimal, but in IRA caused by nephritis
it is substantial. The absence of fibrosis and loss of nephrons give
more support to the diagnosis of ARF in the initial phase than for
CRF. Thus, one cannot state the degree of nephritis found in this

experiment, since all histological analyzes were performed only at
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20 days. The chronicity of the lesions is marked by the recruitment
and proliferation of immune cells, increased extracellular matrix,
collagen proliferation and fibrosis®'. Thus, the continued presence
of glomerular and interstitial fibrotic lesions could determine
progressive loss of nephrons and glomerular filtration®, it is likely
that tubulointerstitial fibrosis and inflammation contribute to the
progressive failure of nephrons®.

Induced nephropathy in collared peccary also showed
thickening of the membrane of the glomerulus, glomerular and
tubular capsule. Similar results were found in experiments with
rats subjected to unilateral nephrectomy, but with mineralization
of basement membranes of kidney tubules and Bowman capsule®.
Congestion and interstitial edema were detected in kidney injury of
the animals, as well as in rats induced with nephropathy***. Partial or
total glomerular sclerosis found in 100% of our animals is a common
finding in rats and rabbits, as well as proximal tubular atrophy and
increased apoptosis, common in experimentally induced CRF'*.

The presence of hyaline casts is common in various
kidney diseases and were found in 66.7% of the individual
injured kidneys. These correspond to plasma proteins filtered at
the glomerulus and condensed in the tube, thus indicating that
the glomerulus is more permeable than normal. In chronic renal
failure there is an increased movement by hyperfiltrated protein in
the glomerular capillaries and urinary space mesangium, a process
known as “protein traffic”. The increase in glomerular filtration of
proteins is toxic to the kidney and can contribute to the progression
of renal disease’.

Bilateral partial occlusion of the kidneys of animals
would likely lead to a systemic disease , inducing them to a lethal
box , incompatible with the purpose of the study that prioritizes
the creation of an experimental model. Thus, one can justify the
potential of the peccary as an animal model because of its rapid
healing and postoperative recovery; high resistance of these
animals that favors clinical and surgical procedures; it is cheap
to acquire and maintain and adapts easily to captivity. The other
swine models such as the mini pig, on the other hand, has a high

market price and needs greater care in its management®.

Conclusions

The collared peccary is a good model for ischemic
nephropathy induced by surgery. It is a very study animal, easy to
adapt to captivity, and its size and body weight favor manipulation,
and it has a low maintenance cost compared to other swine models.
It enables the achievement of therapeutic research, including

experiments using stem cells for renal tissue repair.
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