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ABSTRACT

Introduction: Acute Renal Failure (ARF) occurs in about
5% of hospitalizations and up to 30% of ICU admissions,
with mortality rates between 15% and 60%. The objec-
tive of this study was to analyze different protocols for
the induction of IRA in an animal model, seeking the
standardization of the model for the study of bidirectional
relationship with apical periodontitis (AP). Methods:
Twenty-four rats were divided into three groups (n = 8):
G1 - Administration of Gentamicin at a dose of 80mg/
kg/day for 5 days; G2 - Administration of Gentamicin at
the dose of 100mg/kg/day for 8 days; G3 - Administra-
tion of Gentamicin at the dosage of 100mg/kg/day for 10
days. The AP was induced in all groups by means of pulp
exposure of the first and second upper and lower molars
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from the right side. After 30 days, the animals were eu-
thanized, the kidneys collected for histological analysis,
and the jaws removed for radiographic analysis. Results:
The presence of AP was confirmed in all specimens by
radiographic examination. The G3 group had a mortality
rate of 75% while G1 and G2 had no mortality. Histologi-
cally, the renal tissue of the G2 protocol presented tissue
changes such as dilation and more severe tubular necrosis
when compared to the G1 protocol (p <0.05). Conclu-
sion: In view of the high mortality rate observed in G3
and the histological findings observed in G1 and G2, the
indicated protocol is 100mg/kg/day for 8 days to study
the bidirectional relationship with apical periodontitis.

Keywords: Acute Kidney Injury. Periapical Periodonti-
tis. Kidney Diseases.

» The authors report no commercial, proprietary or financial interest in the prod-

ucts or companies described in this article.

Submitted: February 06, 2019. Revised and accepted: September 18, 2019

Contact address: Carolina de Barros Morais Cardoso
E-mail: carol.barros93@hotmail.com

Dental Press Endod. 2020 Sept-Dec;10(3):63-8



original article | Standardization of the experimental model of acute renal failure for bidirectional study with an apical periodontitis

Introduction

The bidirectional relationship between apical peri-
odontitis (AP) and systemic health has been reported
in the literature both in animal models and in humans.
In a standardized animal model, apical periodontitis,
when associated with diabetes and periodontal dis-
ease, may increase triglyceride levels,' creatinine,? gly-
cated hemoglobin,® proinflammatory mediators such
as IL-17,* besides altering some parameters of the
blood count, especially the white series® to alter the
insulin signal of blood and muscle tissue.®” In addition,
four infectious foci were able to increase triglyceride
levels in normal rats.® In humans with type 2 diabe-
tes, increased glycated hemoglobin was observed, as
well as a higher number of infectious foci in these pa-
tients.? The prevalence of apical periodontitis in these
patients compared to patients without the disease was
observed in patients with chronic kidney disease.™
These findings, both in animal and human models,
demonstrate the importance of knowledge about the
relationship between infection of endodontic origin
and systemic health.

The kidneys are complex, regulating organs that
perform functions essential for the maintenance of
organic homeostasis. Most of these functions in-
volve a combination of excretion and reabsorption
of substances, producing an input and output bal-
ance. As renal functions, it is possible to list fluid
and electrolyte balance; control of blood pressure,
red blood cell production and vitamin D production;
excretion of metabolites; secretion of bioactive sub-
stances such as hormones; and promotion of the
maintenance of acid-base balance.!"!?

Acute renal failure (ARF) is defined as rapid loss
of renal function with azotemia, ie elevation of cre-
atinine and urea levels.”® This condition is usually
considered an inpatient illness. The incidence may
range from 2 to 5%.!*'® In a prospective study with
a 5% incidence,” when 2216 hospitalizations were
evaluated, 79% of the episodes were correlated with
hypovolemia, post-surgery, contrast administration
for XR and aminoglycosides.

Aminoglycosides are antimicrobials used primar-
ily in the treatment of patients with severe infections
caused by gram-negative aerobic bacteria, but with
high nephrotoxic power.!” The major representatives
of this group are gentamicin, amikacin, streptomy-

© 2020 Dental Press Endodontics

64

cin and tobramycin. Nephrotoxicity, induced mainly
by gentamicin, is related to dose and duration of
treatment and is characterized by tubular necro-
sis,’® marked decreases in glomerular filtration rate
(GFR), ultrafiltration coefficient (KF) and glomeru-
lar plasma flow'. It should be noted that the use of
gentamicin (80 mg/kg) for more than seven days in
the therapeutic routine has been a common cause of
nephrotoxicity in approximately 30% of patients.?
Thus, due to the high nephrotoxicity presented by
this drug, it has been the method of choice for the
induction of ARF in animal models.?!-26

In the literature there are several protocols for the
induction of ARF in rats using gentamicin, the most
common route being intraperitoneal. Among the most
used dosages we can highlight that of one dose of
100mg / kg daily for 8 days;***"?° one dose of 100mg
/ kg daily for 10 days®?*"*° and the dose of 80mg / kg
daily divided in two daily applications for 5 days.*!

In view of the above, the objective of this study was
to analyze different protocols for the induction of ARF
in an animal model, seeking the standardization of
the model for the bidirectional relationship with apical
periodontitis (AP).

Material and methods
Experimental design

Twenty-four Wistar rats (Rattus norvegicus albi-
nus), with an initial mean weight of 280g, were used
in this study. The rats were housed in mini-isolators for
rats (Alesco, Sdo Paulo, SP, Brazil), kept in tempera-
ture-controlled rooms (22-24°C), and given ad libitum
access to water. The experimental procedures were
approved by and conducted in accordance with the
guidelines of the institutional ethics committee and
in compliance with the UK. Animals (Scientific Proce-
dures) Act 1986 (00373-2017).

Induction of acute kidney injury

Acute kidney injury was induced in rats by intra-
peritoneal (i.p.) injections of Gentamicin (Gentatec
100mg/kg), according to each protocol described:
G1 -Administration of Gentamicin (Gentatec®), in-
traperitoneally (i.p.) at the dose of 80mg/kg/day, di-
vided into two applications, for 5 days; G2 - Admin-
istration of Gentamicin (Gentatec®) intraperitone-
ally (i.p.) at the dosage of 100mg/kg/day for 8 days;
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G3 - Administration of Gentamicin (Gentatec®),
intraperitoneally (i.p.), at the dosage of 100mg/kg/
day for 10 days.

Induction of oral infection

On the day of the last i.p. injection of gentamicin
of each protocol the animals were anesthetized using
intramuscular administration of ketamine (87 mg/kg)
and xylazine (13 mg/kg) (Rompum - Bayer SA, Séo
Paulo, SP, Brazil).

For inducing AP, the dental pulps of the first and
second upper and lower right molars of each rat were
exposed using surgical round burs LN (Burs Long Neck
- Maillefer, Dentsply Ind. e Com. Ltda, Petrépolis, RJ,
Brazil)“. The dental pulps were exposed in the oral
cavity for 30 days, until the end of the experiment.

Rats euthanasia and confirmation of AP and
ARF induction

The rats were euthanized 30 days after AP induc-
tion and the last dose of the antibiotic by using an an-
esthetic overdose of thiopental sodium (Thiopentax;
Cristéalia, [tapira, SP, Brazil). In previous studies, it was
observed that this period is sufficient for the develop-
ment of apical periodontitis."* To confirm the induc-
tion of AKI, the kidneys were collected for histological

processing in hematoxilin and eosin (H.E.). After kid-
ney collection, the upper and lower jaws were dissect-
ed, processed, and subjected to radiographic analysis.

Results

After the experimental period, the G3 group pre-
sented a mortality rate of 75% (25% survival) when
combined with apical periodontitis. Both the G1 and
G2 protocols did not present mortality (survival of
100%), as shown in Figure 1.

The presence of apical periodontitis was confirmed
in all animals by radiographic examination after 30
days of pulp exposure. It was possible to observe a ra-
diolucent area in periapical area of the teeth that were
had the pulps exposed to the oral medium, suggestive
of periapical lesions of endodontic origin (Fig 2).

Renal tissue analysis was performed in all rats after
the 30-day experimental period. The effect of genta-
micin, a drug used for the induction of renal disease,
was investigated, and then compared among the differ-
ent protocols. Macroscopic changes in the kidneys of
normal and diseased rats can be observed in Figure 3.
Microscopic changes in renal tissue can be observed in
Figure 4. Both macroscopically and microscopically, it
is possible to observe the differences between healthy
tissue and diseased tissue.
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Figure 1. Survival rate of the different experi-
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Figure 2. Radiographic images of the max-
illa (A) and mandible (B), respectively, prov-
ing the presence of endodontic infection.
It is evidenced a radiolucent area next to
the peripapices of the molars that had their
pulps exposed.

Figure 3. Macroscopic image of the kidney (C): left, normal animal kidney; followed by the animal kidney of the experimental protocol G1; to the
center, protocol animal's kidney G2; and, on the right, animal kidney of the G3 protocol.

Figure 4. HE staining of the kidneys at 400x
magnification. A, corresponds to the normal
animal's kidney; B, G3 protocol; C, G2 proto-
col; and D, G3 protocol. In images B, C and
D, one can observe the presence of tubular
necrosis with dilated tubules (arrows) and
cells with pycnotic nuclei.
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Discussion

Apical periodontitis was induced by pulp exposure
of rat molars, allowing bacterial infection from the
oral environment."* This exposure lasted for 30 days,
as it is a sufficient period of time to observe the de-
velopment of apical periodontitis and complete pulp
necrosis* and was confirmed radiographically in the
present study.

Gentamicin is an aminoglycoside antibiotic that is
commonly used for the treatment of severe infections
caused by gram-negative bacteria. However, frequent
use of gentamicin is inadequate because of its high
nephrotoxic power?” The present study demonstrates
the nephrotoxic power of gentamicin in three experi-
mental protocols.

Administration of high doses of gentamicin (40
mg/kg or more) is a prerequisite for the induction
of renal dysfunction and acute nephrotoxicity in ani-
mals.?2% For the study of the different protocols, the
first protocol chosen was the dosage of 80 mg/kg/i.p.
of Gentamicin divided into two daily administrations
for 5 days.®! In this protocol macroscopically, the kid-
neys presented necrosis characteristics, which were
confirmed in the histological analysis due to the pres-
ence of renal alterations compatible with acute tubular
necrosis, being such alterations, cytoplasmic vacuol-
ization, the presence of cells with pynotic nuclei and
inflammatory infiltrate.

The second dose chosen (G2) is the most com-
monly used, with 100 mg/kg /day i.p for 8 days in
a single dose. This dose has been reported by oth-
ers and has been shown to be capable of developing
renal dysfunction and nephrotoxicity in rats**** which
is in agreement with our findings, In the histological
sections obtained in the present study, we can also
observe renal changes compatible with acute tubular
necrosis, which suggests the presence of loss of renal
function. These histological characteristics were also
observed in the G1 protocol, however, with greater
intensity and prevalence in G2. Macroscopically, in
the G2 protocol there was a notable chromatic altera-
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tion of the organ, where reddish-brown, typical of a
healthy kidney, gave rise to a more whitish color sug-
gestive of necrosis. In addition to a more pronounced
chromatic alteration, the kidneys of this protocol
were smaller when compared to the kidneys of the
G1 protocol. These findings, micro and macroscopic,
suggest a greater nephrotoxic power of the second
protocol when compared to the first.

The last protocol used (G3) at the dose of 100 mg/
kg/day ip. for 10 days in a single dose, also demon-
strates a high power of nephrotoxicity,*® with a greater
presence of pathognomonic signs of renal disease,
both microscopically and macroscopically, when com-
pared to G1 and G2. However, for the study of bidi-
rectional relation with apical periodontitis, the animals
should survive during the 30 day period for the devel-
opment of the lesions, which did not occur, since this
group had a high mortality rate (75 %), by associating
the two conditions, being thus excluded as an option
of an experimental model for the study of bidirectional
relation with apical periodontitis.

According to the Brazilian Society of Nephrology,
approximately 13 million Brazilians have some degree
of renal problem, of which 5,000 are in a severe stage
depending on hemodialysis or in the transplant queue.
In addition, the number of cases is increasing 10% per
year. The main risk groups are patients with a history
of renal disease in the family, elderly, obese, diabetic
and hypertensive. Thus, the standardization of this
study model allows the understanding of the function-
ing of the metabolism of patients in these conditions,
as well as the best materials accepted by it and its re-
sponse to endodontic treatment.3®

Conclusion

In view of the high mortality rate observed in
G3 and the histological findings observed in G1 and
G2, the protocol most suitable for the bidirectional
relationship between acute renal failure and apical
periodontitis is the G2 protocol, of 100 mg/kg/day
for 8 days.
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