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ABSTRACT - Background: Chronic kidney disease affects more than 500 million people worldwide.
In this context, the uremic toxins present are related to worsening in tissue healing. Aim:
Evaluate on healing of colonic anastomosis in uremic rats, serum and anatomopathological
indicators, which may be related to the change tissue repair process. Methods: Twenty Wistar
rats, were randomly separated into two groups. In the sham group they were submitted to
5/6 nephrectomy simulation in left kidney, simulation right nephrectomy, median laparotomy,
colotomy and colorraphy. In the uremia group, they were submitted to 5/6 nephrectomy
of the left kidney, total nephrectomy of the right kidney and median laparotomy, colotomy
and colorraphy. Were collected for serum urea, creatinine and CRP dosages and the colonic
segments were studied for evaluation of granulation tissue, collagen maturation, microvascular
and myofibroblasts density, and cell viability. Through histochemical processing, microvascular
density was evaluated by anti-CD34 monoclonal antibody marking, cell viability by cell
proliferation nuclear antigen screening and myofibroblasts density with monoclonal anti-a-
actin antibody. Computerized histometry was used for evaluations of collagens type | and llI
by the coloration of picrosirius. Results: The group submitted to nephrectomy 5/6, compared
to the sham group, show urea increase (p<0.0000) and higher C reactive protein (p=0.0142).
Decrease of granulation tissue formation (border reepithelialization p=0,0196, angiofibroblast
proliferation p=0.0379), mean collagen | (p=0,0009) and collagen Il (p=0,016), microvascular
density (p=0,0074), cell proliferation nuclear antigen (p<0,0000) and myofibroblasts
(p<0,0001). Conclusion: The uremia induced by nephrectomy 5/6 model establishes negative
impact in the colonic wound healing.

RESUMO - Racional: A doenca renal cronica atinge mais de 500 milhdes de pessoas em todo
o mundo. Neste contexto, as toxinas urémicas estdo relacionadas ao comprometimento da
cicatrizacdo tecidual. Objetivo: Avaliar, na cicatrizagdo de anastomoses colbnicas de ratos
urémicos indicadores séricos e anatomopatologicos que possam estar relacionados com
alteracdo do processo de reparagao tissular. Métodos: Utilizaram-se 20 ratos Wistar divididos
aleatoriamente em dois grupos. No grupo simulagdo eles foram submetidos a simulacdo da
nefrectomia 5/6 do rim esquerdo, simulacdo de nefrectomia total do rim direito, laparotomia
mediana, colotomia e colorrafia. No grupo uremia, eles foram submetidos a nefrectomia 5/6
do rim esquerdo, nefrectomia total do rim direito, laparotomia mediana, colotomia e colorrafia.
Coletaram-se amostras de sangue para dosagens séricas da ureia, creatinina e proteina C
reativa, e do célon para processamentos histoldgicos e histoquimicos na avaliagdo do tecido
de granulagdo, maturagdo de colageno, densidade microvascular e de miofibroblastos,
viabilidade celular cicatricial. Empregou-se a histometria computadorizada para as avaliagoes
de colagenos tipos | e Ill, densidade microvascular pela marcagdo com anticorpo monoclonal
anti-CD34, viabilidade celular pela pesquisa do antigeno nuclear de proliferacdo celular e a
densidade de miofibroblastos com anticorpo monoclonal anti-a-actina. Resultados: O grupo
submetido a nefrectomia 5/6, em comparagao ao grupo simulagdo, demonstraram aumentos
da ureia sérica (p<0,0000) e proteina C reativa (p=0,0142), reducdo da formacdo de tecido
de granulagao (reepitelizacdo de bordas p=0,0196, proliferacdo angiofibroblastica p=0,0379),
porcentagens de colageno | (p=0,0009) e colageno Il (p=0,016), densidade microvascular
(p=0,0074) e miofibroblastos (p<0,0001) e antigeno nuclear de proliferacéo celular (p<0,0000).
Conclusdo: A uremia induzida pelo modelo de nefrectomia 5/6 determina impacto negativo
no processo de cicatrizagdo coldnico.
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INTRODUCTION

greater extent in recent years. However, the knowledge thereof must

still be extended in view of the innovative preventive and curative

measures available to surgeons, thus reducing the possibility of complications in
the handling of patients who need surgical aggression to cure their ills?422,

Since cicatrization is developed by a harmonic set of local cellular and

biochemical events, common to several sectors of the organism, it can be said

I | ealing is a complex process, which has begun to be understood to a
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that these influence its basic intermediary mechanisms
such as hemostasis, inflammation, cell proliferation and
wound remodeling.

In this context, uremic toxins, generated in renal
dysfunction, are responsible for the progression of chronic
renal disease (CKD) by inducing loss of residual renal function,
triggering systemic and vascular inflammatory responses
and thus, increasing renal endothelial dysfunction. Uremic
toxins are responsible for the progression of CKD and loss
of residual renal function; however, no specific time points
to the onset of uremia in patients with progressive loss
of renal function'. Other adverse effects of CKD include
decreased phagocytic activity of polymorphonuclear cells,
impaired tissue healing, delayed cicatricial inflammatory
process, low proliferation of fibroblasts and endothelial
cells, low tissue levels of hydroxyproline and collagen,
subcutaneous connective tissue and granulation tissue®®.

Among surgical procedures, gastrointestinal operations
are among the most frequently performed. In patients with
CKD when they need some intestinal surgical approach, even
under uremic conditions, this will be the only decision to
be made by the surgeon in the search for a solution for the
patient, as it occurs in emergency situations or in cases of
renopancreatic transplantation. Among the gastrointestinal
surgical complications, the most described are the failures
in anastomotic healing represented by 3.4% to 12% of
dehiscence, with the main cause being the metabolic
disorders of uremia secondary to CKD.

Although a large number of scientific information
on the surgical induction of renal dysfunction in rats is
available, there are still few studies on the effects of uremia
on intestinal healing. Animal models of renal dysfunction
approach the human condition and are important for the
understanding of the disease and for the development of
new therapeutic strategies®“.

Therefore, the objective of the present study was to
evaluate, in an experimental model of uremia in rats, specific
serum and anatomopathological aspects in the healing of
colonic anastomosis.

METHOD

Twenty rats (Rattus norvegicus albinus, Rodentia mammalia)
of the Wistar lineage, with ages between 143-152 days and
weights of 249.2+13.80 g were used. They were separated
into two groups.

Surgical procedure

Anesthesia was given in two stages. Firstly, they were
submitted to sedation by inhalation and after intramuscular
inoculation in both posterior calves of the anesthetics ketamine
hydrochloride, associated with xilasin hydrochloride.

In order to induce uremia in the animals of the uremia
group, the surgical procedure called nephrectomy 5/6,
described by Viana et al.® was used, which consists of the
following steps: partial nephrectomy, when both renal poles
are resected, and seven days after complete nephrectomy
of the contralateral kidney. In DO, partial nephrectomy was
performed by means of a left lumbar incision of about 3 cm
in extension and the peritoneal cavity was accessed for the
exposure of the left kidney that was drawn out of the cavity,
decapsulated preserving the gland adrenal axis and ablation
of the renal poles with Argon plasma electrocoagulator (Argon
4 - WEN ®) corresponding to approximately 2/3 renal mass.
The thread was preserved, as well as the vascularization and
the ureters.

In the simulation group, only a4 cm extension incision
was made and the peritoneal cavity was accessed with exposure

e

of the kidney, which was drawn out. In both groups, wall
closure was done by continuous suturing with monofilament
nylon 3.0 wire in musculoaponeurotic and cutaneous planes.

Sample collection

On the 7* day of post-colotomy and colorraphy (D21)
evolution, the rats were again weighed on analytical balance
and underwent closed-loop halothane inhalation sedation
and anesthetized by intramuscular injection of ketamine
hydrochloride.

Cardiac puncture was then performed with the collection
of 8-10 ml of blood, which corresponded to an exanguinative
puncture and induction of cardiorespiratory arrest. Blood
samples were immediately sent to the laboratory for serum
levels of urea, creatinine, and C-reactive protein.

Also under anesthesia and with evidence of death, the
abdominal cavity was extensively opened, an inventory of
the cavity was made, the colonic segment was located, which
was incised and rayed, resected, extended on filter paper,
washed with phosphate buffered saline solution (PBS) pH
7,4 and fixed in formalin.

Evaluations

To evaluate the evolution, initial and periodic weighing
were used on days DO, D2, D4, D7, D9, D12, D14, D17 and
D19, as well as the observation of the animals evaluating
the search for food, water and ambulation as indicators of
normality in comparison between groups. Evidence of uremic
state induction was made by serum urea and creatinine at
the end of the study period, using an automated method
with specific reagents for urea, creatinine and C-reactive
protein®2>.

Microscopic evaluations of the healing process of
the colonic anastomosis were performed through tissue
granulation analysis, formation of collagens types | and Il
microvascular density, cell proliferation and myofibroblasts
density.

Sections were made perpendicular to the largest
axis of the suture, in triplicates for each of the histological
determinations, with a microtome 4 um thick and fixed in
slides to be stained according to the evaluation to be made.
The formation of granulation tissue by H&E staining was
evaluated by microscopy?'. Was used computerized histometry
for the analysis of collagen types | and Ill by Picrosirius’s,
microvascular density by anti-CD34'>2*monoclonal antibody
labeling, cell viability by nuclear proliferation cell antigen®"
and myofibroblasts density with anti-a-actin monoclonal
antibody™2".

Statistical analysis

The results were expressed as meantstandard deviation
and the ANOVA and Student T tests were used with p<0.05
for comparisons between groups using the GraphPad InStat
software.

RESULTS

Weight evaluation

The rats of the uremia group presented greater weight
loss during the experiment, but without statistical differences
in the weighing moments.

Biochemical evaluations

Dosages of urea

The model employed was able to induce uremia in
the experimental group in relation to the simulation group
(p<0.0000), although the higher creatinine levels in the uremia
group were not significantly different (p=0.0904) simulation
group (Figure 1).
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FIGURE 1 - Graph showing the arithmetic means of the urea (mg/
ml) and creatinine (mg/ml) dosages

C-reactive protein dosages

As shown in Figure 2, the rats in the uremia group had
significantly higher C-reactive protein values than the simulation
group (p=0.0142)
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FIGURE 2 - Graph showing the arithmetic means of the dosages of
ultra-sensitive C reactive protein (mg/ml)

Microscopic evaluations

Histopathological evaluation of granulation tissue

In the evaluation of the colonic cicatrization process, the
superiority of the simulation group over the uremia group was clearly
observed, with a statistically significantimpact on reepithelialization
ofborders (p=0.0196) and angiofibroblast proliferation (p=0.0379).

Histometricevaluation of the percentage of collagen types | and Il

As shown in Figure 3, the rats in the uremia group presented
significantly worse results than the simulation group in the mean
percentages of collagen | (p=0.0009) and in relation to collagen
lll (p=0.016).
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FIGURE 3 - Graph showing the arithmetic means of the percentages
of collagens type I and Il in the intestinal scar tissue
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Microvascular density evaluation

Animals from the uremia group had significantly lower
microvascular density (p=0.0074) than those from the simulation
group (Figure 4).
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FIGURE4 - Graph showing the arithmetic means of the microvascular
density quantification in the intestinal cicatricial tissue

Tissue evaluation of nuclear proliferation nuclear antigen
(pcna)

Uremia-inducing animals demonstrated a significant
(p<0.0000) negative impact on cell proliferation in the intestinal
cicatricial tissue when analyzed by nuclear proliferation cell
antigen expression (Figure 5).
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FIGURE 5 - Graph showing the arithmetic averages of cellular
proliferation of nuclear antigen quantification in
intestinal cicatricial tissue

Myofibroblast density evaluation

The quantified density of myofibroblasts in the intestinal
cicatricial tissue had a sharp and significant reduction (<0.0001)
in animals that had uremia induced in relation to those that
did not present with uremia (Figure 6).
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FIGURE 6 - Graph showing the arithmetic means of quantifications
of myofibroblasts in the intestinal cicatricial tissue

DISCUSSION

Was adopted the experimental model proposed by Vianna
et al.”*"733 with modification. The differential of the present
study of this model is the non-accomplishment of ablation
of most of the parenchyma opposite the renal wire and the

3/5



ORIGINAL ARTICLE

use of argon plasma electrocoagulator for the ablation of 2/3
of renal mass. Experimental studies have demonstrated the
superiority of this mode of electrocauterization due to efficiency
and limited tissue trauma™.

The reproduction of this technique in rats similar to that
performed in the present study was performed by Fleck et
al'%, demonstrating a decrease in the glomerular filtration rate
after 10 weeks of the procedure, with the particularity of the
analysis between genders. The study verified that there was a
significant difference between male and female rats, assuming
greater fragility and susceptibility in females'™.

Although other experimental models are also effective
in demonstrating renal injury, nephrectomy 5/6 has some
advantages such as reproducing renal dysfunction due to loss
of nephrons as well as in humans, providing more complete
data on proteinuria and hypertension secondary to decreased
glomerular filtration, and compare renal damage to the amount
of renal mass withdrawn. When performed nephrectomy 1/2,
2/3 and 5/6 analysis of the biochemical and morphological
effects of the remaining kidney after progressive renal mass
ablation, demonstrates that compensatory renal hypertrophy
and glomerular injury are closely related to the volume of the
remaining kidney, and therefore, being more evident when a
greater fraction of renal tissue is extracted?*?°.

Urea is formed in the liver as the main end product of
the metabolism of nitrogenous substances and is subsequently
excreted by the kidneys?. Experimental and clinical studies have
demonstrated the negative effect of uremia on wound healing.
Colin et al.” concluded that rats with uremia were delayed in
the healing of small intestine anastomoses and aponeurosis.
Therefore, the presence of uremic toxins has a negative effect
by decreasing cell proliferation, the amount of hydroxyproline
in the operative wound, as well as causing alteration in the
formation of fibroblasts’2.

Uremia can cause intestinal mucosal injury, edema,
inflammation, ulceration with loss of mucosal barrier and as a
consequence, bacterial translocation may occur, a factor known
to be detrimental to the healing process®.

Studies have shown that granulation tissue was reduced
in uremic mice by performing histological analysis after five
days of the procedure forinduction of renal dysfunction, as well
as inhibition of cell proliferation in fibroblasts and granulation
tissue endothelial cells®.

To date, 19 isoforms of collagen have been identified,
and type | collagen predominates and constitutes 80-90% and
the remaining 10-20% are type I1I"2. Type | collagen is the most
frequent and predominantin bones and tendons is considered
mature collagen. Type Il is most commonly found in soft tissues
such as blood vessels, dermis and fascia. The granulation tissue
expresses 30-40% of type Il collagen, being considered immature
collagen. The most important is type |, which is responsible
not only for the maintenance of the integrity of most tissues
in function of their mechanical properties®, but also for their
active participation in the functionality of the tissues as a
function of their interaction with the cells present in the matrix
extracellular. Itis present in all vertebrates, and included in the
list of the largest and most complex macromolecules found in
the animal kingdom, along with other macromolecules form
the extracellular matrix.

Russell et al.?’, after 10 weeks of nephrectomy and
contralateral segmental renal ischemia in rats, demonstrated
that there is an evident alteration in the formation of the bone
mineral matrix and in the maturation of collagen in the group
with uremia.

In a study to evaluate the tensile strength and collagen
formation in rats after five, 10 and 15 days of uremia, there
was a considerable and significant reduction in collagen
accumulation, verified by the quantification of hydroxyproline
on the 10" and 15 days?’.

The production of new vessels is essential in wound repair,

andis observed in healing tissues and characterized by a complex
process involving multiple stages: vasodilatation, endothelial
permeability, rupture of the endothelial cell connection,
proliferation and migration of these cells, and subsequent
remodeling forming conduits for the passage of nutrients'.

Nuclear cell proliferation antigen plays an important
role in nucleic acid metabolism. It is a protein synthesized
mainly during the S-phase of the cell cycle and is essential for
chromosomal chromatin replication, transcription and assembly?.

In a study that evaluated the chondrocyte proliferation
activity by the expression of cellular proliferation nuclear
antigen in the zone of cartilage growth after 30 days of subtotal
5/6 nephrectomy in rats, it was possible to conclude that
the number of proliferating cells in the growth plateau was
significantly lower in uremic rats when compared to control
rats’. Another experimental study in rats that investigated
the density of myofibroblasts in wound healing by the same
method employed in this study concluded that metronidazole,
applied topically to wound healing with second intention, does
not interfere with the contraction of the wound and delays the
appearance of myofibroblasts®.

CONCLUSION

The experimentally induced uremic state is capable of
negatively influencing the healing process of the large intestine.
Uremia compromises the formation of granulation tissue,
delays maturation of type | collagen, induces microvascular
density reduction in the anastomosis, reduces cell viability in
the area of healing, and density of myofibroblasts present in
colonic healing.
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