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The diagnosis of acute kidney injury by evaluating the activity of urinary enzymes
is an important tool especially for its precocity in relation to methods of assessment of
renal function considered late as the installation of injury precedes the function change.
This study was performed to determine the reference interval for urinary NAG activity
(N-Acetyl-B-D-glucosaminidase) in urine of healthy dogs of different breeds, ages and sexes.
It was utilized an automated method for the determination of NAG activity standardized
for dog urine samples. Through statistical analysis it was observed that NAG is positively
correlated with the age of the animal and urine specific gravity but is not interfered by sex
or weight. Based on the determination of urinary activity and after correcting the values for
a 1,025 urine specific gravity was obtained an reference interval of X ‘= 3.62U/L+0.66U/L.

INDEX TERMS: Reference interval, NAcetyl-B-D-glucosaminidase, NAG, urine, dogs, enzimury, injury.

RESUMO.- [Determinacio de intervalo de referéncia paraa  amostras de urina de cies. Por meio de andlise estatistica,
atividade da NAcetyl-B-D-glucosaminidase (NAG) naurina  observou-se que a NAG apresenta correlacdo positiva com
de cdes sadios.] O diagnoéstico da injdria renal aguda pela  a idade do animal e com a densidade urinaria, mas nao
avaliacdo da atividade de enzimas urinarias € uma importante  sofre interferéncia quanto ao sexo ou peso. Com base na
ferramenta para o médico veterinario, especialmente por sua  determinacéo da atividade urinaria e apds corrigir os valores
precocidade em relagéo aos métodos de avaliagdo da fungdo  para uma densidade de 1,025, obteve-se um intervalo de
renal, considerados tardios, visto que a instalagdo dainjliria  referéncia médio de X" = 3,62U/L+0,66U /L.

precede a alteracdo da fungdo. Neste estudo foi realizada

a determinacio do intervalo de referéncia médio para a TERMOS DE INDEXACAO: Intervalo de referéncia, NAcetyl-f-

atividade urinaria de NAG (N-Acetyl- B-D-Glucosaminidase), ~ D-glucosaminidase, NAG, urina, caes, enzimuria, injuria.
em urinas de cdes higidos, de diferentes racas, sexos e faixas
etarias. Para isso, trabalhou-se com um método automatizado INTRODUCTION

para determinacgdo da atividade de NAG, padronizado para ] ]
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under these conditions have a limited life at risk of triggering
moments of homeostatic imbalance with lower expectations
and quality of life. For many of these patients only remain the
dialytic treatments and renal transplantation.

The term acute kidney injury (AKI) attempts to reach a
group of patients with severe or non severe renal function
impairment but without clinical or laboratorial signs of renal
failure. As examples of injury it is possible to mention ischemic
or toxic glomerulonephritis or tubular injuries (Santos 2014).
Itis known that kidney injury can lead to changes in function.
Serum concentrations of urea and creatinine are markers
of excretory function and even if its values are within their
reference range, kidney injury may occur. This fact justifies
the need for evaluation methods that identify kidney injury
(Chew et al. 2011, Santos 2014).

Unlike urea and creatinine which can be considered as
late markers of evaluation there are other markers with
the quality of evidencing cellular renal damage like urinary
enzymes. Because different portions of the nephron contain
characteristic enzymes, these enzymes can be used to locate and
identify the injury through its increased activity (Veado etal.
2010). In dogs urinary enzymes have been primarily used
in the evaluation of acute nephrotoxicity because they are
sensitive and non-invasive tests for the diagnosis of tubular
lesion (Veado et al. 2010). It is observed a low activity of
urinary enzymes in healthy animals and finding an increase
in its activity indicates a kidney injury (Veado et al. 2010).

N-Acetyl-B-D-Glucosaminidase (NAG) is a lysosomal enzyme
present at high concentrations in the proximal renal tubules
cells. Its molecular weight is 140 kDa which does not allow
glomerular filtration (Sato et al. 2002a). If it is observed an
increase of the enzime activity above its reference it can be
considered that there is a renal parenchymal injury. According
to Sato etal. (2002a) the increase of NAG activity in urine is one
of the most sensitive indicators of tubular injury. This finding
may alter the clinical conduct in order to avoid the progression
ofthe injury and possible renal failure (Heiene et al. 2001). It
is known that for identifying AKI or monitoring a preexisting
injury itis recommended to execute an urinary panel with early
markers that complement each other. Although the evaluation
of only one marker represents a limited diagnosis NAG has
been shown to be very promising (De Loor et al. 2013).
There are no comercial tests in Brazil for analysis of urinary
NAG in dogs. In veterinary medicine the researchers use
human tests to analise NAG such as Shionogi, Osaka/Japan
(Noto et al. 1983). The lack of standardization of biomarker
assays hinders the comparison of validation results in dogs
(De Loor et al. 2013). Tassini (2015) adapted an automated
spectrophotometric assay to evaluate the urinary activity
of NAG in dogs. The determination of the reference interval
for a given analyte in a species allows the identification of
biochemical changes in the evaluated patient, providing the
clinician with adequate treatment and prognostic prediction
(Williamson et al. 2014).

The objective of this study was to determine the reference
interval for urinary NAG activity in samples of healthy dogs
of different sexes, races and age groups using the method
proposed by Tassini (2015) and approved by the Ethics
Committee in Experimentation Animal (CETEA/UFMG),
Protocol number 373/2015.
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MATERIALS AND METHODS

Sample population. 60 healthy dogs (Canis familiaris) were
selected, aged between 3 months and 15 years old clinically healthy,
of different races, both sexes, castrated and from private tutors and
support groups to abandoned dogs from the metropolitan area of
Belo Horizonte. The 60 dogs included in the study fulfilled all the
established prerequisites from an anamnesis questionnaire and
clinical, laboratory and ultrasound examinations. The owners of the
animals after proper orientation signed a Free and Informed Consent
Form and had the right to remove them from the experiment at any
time. The criteria for inclusion of the animals were:

- Do not be pregnant or breastfeeding;

- Be clinically healthy at the time of clinical examination and
collection of blood and urine samples;

- Not have been subjected to the use of potentially nephrotoxic
medications in the last 4 months;

- Have serum concentrations of urea, creatinine, GGT, phosphorus,
proteins and fractions and potassium within the reference ranges
for the species;

- No haematological changes classified as pathological;

- Donotpresentalterations in routine urine examination classified
as pathological.

- Aurinary protein/creatinine ratio of less than or equal to 0.25;

- Animals that did not meet all the necessary requirements were
excluded from the project.

Division of groups. The animals selected were divided into three
groups, based on age and sex. Each group consisted of 20 individuals,
10 males and 10 females, classified according to age (Table 1).

Tests, sample collection and send to analysis. Urine sample
collection was realized by cystocentesis with urine collecting flask
attached to a 25x7 gauge needle (Sarstedt®) guided by abdominal
ultrasonography, after previous trichotomy and local antisepsis
with 70% alcohol. The samples were identified and refrigerated
immediately after collection until they were sent to the laboratory
within a maximum of 4 hours. For the ultrasound examination a linear
transducer at the 9 MHz frequency coupled to the Chison 8100 Vet ®
ultrasound equipment was used as a tool to guide cystocentesis. After
urinalysis the urine samples were homogenized and centrifuged in a
macrotubes centrifuge for 5 minutes at 2000 RPM (Celm®) in conical
tubes where the supernatant was separated. The supernatant was
used for the biochemical determinations in the Cobas Mira Plus®,
Roche automation equipment.

Determination of the reference interval of urinary NAG.
The analysis of the urinary NAG activity was performed by automated
spectrophotometric assay in Cobas Mira Plus®, Roche biochemical

Table 1. Division of groups of dogs participating in the
evaluation study of urinary NAG activity

Sample size according to

Group n Total* sex Age (years)
Male Female
I 20 dogs 10 10 3 months - 2
11 20 dogs 10 10 3-7
11 20 dogs 10 10 >7
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apparatus according to a technique described by Tassini (2015).
The maximum collection period was 4 hours and the samples
were kept under refrigeration temperature (4-82C) until the time
of processing.

Correction of urinary specific gravity. The correction was made
for a urinary specific gravity of 1,025 based on the formula proposed
by Deschepper et al. (1989): X=Y (25/7Z):

- “X”is the value of the urinary enzyme activity after correction
by the formula;

- “Y”isthevalue of the urinary enzyme activity obtained without
correction;

- “Z” corresponds to the last two digits of the sample urine specific
gravity value.

Statistical analysis. The determination of the reference interval
for NAG was performed by averaging confidence interval analysis
using Principal Component Analysis (PCA) with SPPS ® v17 software.

RESULTS AND DISCUSSION

An important point for determination of urinary enzyme
activity is the influence of endogenous and exogenous factors
on the evaluated sample. Therefore, it is important to exclude
such interference so that a reliable urinary output can be
obtained. It has been observed in dogs (Sato et al. 2002b)
that NAG activity is not increased when there is urinary
tract infection or bacteria in the urine. Smets et al. (2010a)
observed that the urinary activity of NAG was not affected
by the presence of pyuria, hematuria and bacteriuria.
This differs from that observed with urinary GGT which,
according to Beck & Sammons (1975), may suffer a decrease
in activity in the presence of bacteria. However in order to
avoid this kind of interference in this experiment all urine
samples were collected by cystocentesis in order to reduce
contamination of the sample by the bacterial flora present
in the genitals and urethra, which could occur in collections
performed by micturition or by collection with an urethral
catheter. In addition, the urine samples were centrifuged and
then their respective sediments were analyzed under optical
microscopy to exclude the presence of bacterial contamination
which could be due to a urinary tract infection of the animal
under study:.

The time of sample collection is also important. Urinary
NAG activity shows a small variation throughout the day but
not statistically significant (Uechi etal. 1998). For the purpose
of standardization and to facilitate the laboratory routine the
urine samples were always collected between 8:00 and 11:00
hours. The bitches that were in this experiment could not be
pregnant, because according to Semczuk-Sikora et al. (2000),
NAG shows increased urinary activity in the third trimester of
pregnancy in pregnant women. This physiological variation can
occur due to hypertrophy or hyperplasia of nephrons, which
change as a form of adaptation to gestation. Nephrons return
to normal after gestation when it occurs without complications
(hypertension and eclampsia) (Semczuk-Sikora et al. 2000).
In this study it was observed that the weight and sex did not
influence the results of NAG activity which can be observed in
the uniform distribution of the results and that is in agreement
with the one observed in humans (Liangos et al. 2007). However
there was a positive correlation of NAG activity (Fig.1-3) with

1687

the age of the animals evaluated (p<0.001). Older animals,
males and females, of different breeds, presented greater
urinary NAG activity according to their age. This correlation
observed in healthy dogs is in agreement with that observed
in humans by Kono et al. (1990). In their experiment, the
urinary NAG activity was evaluated in 1.152 male and female
individuals and an increase in the urinary NAG activity was
observed with increasing age. Nevertheless, Smets et al.
(2010b) evaluating the activity of NAG in healthy dogs and
dogs with chronic kidney disease did not observe a positive
correlation of NAG with the age of the healthy individuals
evaluated, which is in disagreement with the observed in this
study. However, this may be due to the fact that the effect of
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Fig.1. Variation of urinary NAG activity in dogs from 3 months to
2 years old.
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Fig.2. Variation of urinary NAG activity in dogs from

2 to 7 years old.
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Fig.3. Variation of urinary NAG activity in dogs over 7 years old.
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age is better evaluated in a longitudinal follow-up study of
the same individual (Skalova & Chladek 2004).

Urinary specific gravity is a factor that can lead to
variable results in NAG activity. According to Stockham &
Scott (2011), urinary specific gravity is an accurate estimate
of the concentration of solutes in urine, so its variation is
accompanied by changes in the concentration of diluted solutes
in the urine, resulting in a direct influence on the activity
values of different enzymes, including NAG. The method used
to correct the interference of urinary specific gravity in this
study was the use of a formula proposed by Deschepper et al.
(1989). This formula defines an urinary specific gravity of
1,025 (considered a normal value for dogs with free access
to water intake) as a correction factor for the urinary flow
of a single sample. This method of correction was chosen
because it is simple to perform and provides reliable results
(Scott & Stockham 2011).

It was observed that NAG activity obtained from samples
without the use of the urinary specific gravity correction
formula differed statistically from the corrected NAG activity
(p<0.01), signaling to the importance of this correction
before evaluating a result. The urinary activity of NAG,
since there was no significant difference between the sexes
(Table 2), after correction, presented a reference interval
of X=3.62 U/L +0.66 U/L, lower than that obtained without
correction for urinary specific gravity (X=5.55 +1.39 U/L).

Itis observed that when applied the urinary specific gravity
correction formula, the standard deviations of NAG activity are
smaller when compared to the values obtained in the same
samples but without applying the formula of correction to an
urinary specific gravity of 1,025, as shown in Figure 4 and 5.
After working with a standardized methodology and excluding
interference factors on the analysis, it was necessary to
choose an appropriate “n” sample. The aim of this study was
to determine a reference interval so to qualify the dogs as
healthy it were done complete anamnesis, clinical examination,
blood and urine tests and ultrassonography. In addition, it is
important to work with an adequate number of animals to
be able to determine the reference interval. The statistical
method used to determine the reference interval was the
multivariate analysis using principal component analysis
(PCA), described by Mingotti (2013), for which a minimum
number of 50 observations is necessary.

The analysis of urinary NAG activity has been performed in
humans using commercial tests for urinary spectrophotometry,
usually with the substrate 4-Methylumbelliferyl
N-acetyl-B-D-glucosaminide, as described by Shionogi, Osaka,
Japan (Noto et al. 1983). In veterinary medicine, urinary
NAG tests have been conducted using commercially available
human tests, such as Sanko Junyaku Co. Ltd, Japan, which uses
p-nitrophenyl-N-Acetyl-f-D-glucosaminidase as the substrate
however, this may vary according to the test.

In studies such as the one performed by Sato etal. (2002b),
p-nitrophenyl-N-Acetyl-3-D-glucosaminidase was used as a
substrate in a test for urinary NAG analysis for humans to
determine urinary NAG activity in dogs. A total of 48 dogs
were evaluated; however, only 28 were healthy, and a reference
interval of 3.2+2.4 U/I for urinary NAG was determined. In
2009, Brunker et al. (2009). Evaluated the urinary activity
of NAG in 38 healthy dogs of different sexes and age groups
using a test for human NAG analysis and obtained a range of
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0.02 to 3.63U/1. In these studies it is not possible to consider
that a normal range for the urinary enzyme activity was
determined. At the first studie 28 samples were evaluated and
in the other 38, both numbers below the minimum required
of 50 observations (Mingotti 2013).

The evaluation of a reduced number of observations
may not allow to determine a reference interval for a given
parameter, keeping the mean urinary activity different
from that observed in this experiment. In addition, the pH,
temperature or substrate concentration used in these tests are
not described, and those are factors that are known to affect
the enzymatic reaction (Knoll et al. 1980, Horak et al. 1981),
which may increase or reduce the urinary activity evaluated.
In the method proposed by Tassini (2015), it was determined
an adequate pH for the enzymatic reaction in urine of dogs,
optimum temperature and correction factor based on a specific

Table 2. Reference interval of urinary NAG activity for dogs
according to sex

Level of statistical Reference interval

significance Male Female
95% 3.43-391 3.36-3.81
99% 3.47 - 3.87 341-3.76
99.9% 3.36-3.98 3.28-3.87
There was no statistical difference (P>0.05).
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absorptivity coefficient. According to De Loor etal. (2013),itis
necessary to have adequate standardization of the tests of new
biomarkers for dogs, in order to allow a reliable validation of
results. NAG has important characteristics that justify its use
as a diagnostic method, being a marker capable of signaling
AKIwith great specificity and precocity (Katagiri etal. 2012).
Early signaling of AKI allows the clinician to take preventive
therapeutic measures, besides helping to diagnose the type
of lesion - whether glomerular or tubular. The use of these
biomarkers may be a tool to avoid the progression and
worsening of the patient’s condition and to guarantee a greater
survival (De Loor et al. 2013). In addition, it also serves as a
resource for monitoring persistent renal injury in situations
where only its urinary activity is assessed or associated with
another early marker in patients with chronic kidney disease
(Liangos etal. 2007, Smets et al. 20104, Katagiri et al. 2012).
In veterinary medicine, the evaluation of the urinary activity
of this enzyme has been restricted to research (Sato et al.
2002b). In this study, the evaluation of urinary NAG activity
in dogs with kidney injury was not performed and, therefore,
it was not possible to compare its efficacy as an early marker
ofkidney injury in relation to urinary GGT and other markers,
because it was not an objective of this experiment. However,
it is known the importance of performing an urinary panel,
with different biomarkers, that can provide complementary
information about the installed injury and its situation at
the moments evaluated (De Loor et al. 2013). For this, it is
essential to perform more studies with new biomarkers, with
standardization of an adequate methodology and validation
of results considering different kidney pathologies.

CONCLUSIONS

There is a positive correlation between urinary specific
gravity and urinary NAG activity.

The urinary activity of NAG varies in a positive way with age.

The use of the urinary specific gravity correction formula to
1,025 reduces the interference of the urinary specific gravity
variation of the evaluated sample.
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