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Determination of urinary N-acetyl-p-D glucosaminidase
(NAG) levels in experimental blunt renal trauma

Deneysel kiint bobrek travmasinda idrar N-Asetil-B-D glukozaminidaz
(NAGQG) diizeylerinin belirlenmesi
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BACKGROUND

We evaluated the applicability of urinary N-acetyl-beta-D
glucosaminidase (NAG) levels in the diagnosis and follow-
up in blunt kidney injury.

METHODS

Twenty Sprague-Dawley rats were studied. In the Sham
group, left kidney exploration was made. In the Trauma
group, after left kidney exploration, a 20 g weight was
dropped onto the kidneys. Urine was collected for analysis
with strip and determination of urinary NAG and creatinine
(Cr) levels at baseline and 0-6, 12-24, 24-36 and 36-48
postoperative hours. Mann-Whitney U and Kruskal-Wallis
tests were used.

RESULTS

Macroscopic examinations of traumatized kidneys revealed
grade II and III injury, and histopathological examinations
showed relevant changes. Macroscopic hematuria was ob-
served in all traumatized rats. Urinary NAG/Cr levels in the
Trauma group were found to be significantly higher than
their base levels at 0-6, 12-24, 24-36, and 36-48 hours. In
the Sham group, only the level of NAG/Cr at 0-6 hours was
significantly higher. The increase in NAG/Cr levels at 0-6
hours was significantly higher in the Trauma group than in
the Sham group.

CONCLUSION

After isolated blunt renal trauma, urinary NAG levels in-
crease in the early stage. However, more detailed clinical
studies are needed to develop NAG levels as a criterion in
the follow-up of blunt renal trauma.
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AMAC
Idrar N-asetil-B-D glukozaminidaz (NAG) diizeyinin, kiint
bobrek yaralanmasinin tani ve takibinde kullanilabilirligi
arastirild.

GEREC VE YONTEM

Yirmi adet Sprague-Dawley cinsi geng-erigkin siganla ca-
lisildi. Sham grubunda sol bobrek eksplorasyonu yapil-
di. Travma grubunda sol bobrek eksplore edildikten son-
ra 20 gr agirlik bobrek iizerine diisiiriildii. Islem dncesi, is-
lem sonras1 0-6., 12-24., 24-36. ve 36-48. saatler arasinda
strip ile idrar tetkiki, idrar NAG ve kreatinin (Cr) diizeyle-
ri igin 6rnekler alind1. Istatistiksel analiz Mann-Whitney U
ve Kruskall Wallis testleri ile yapildi.

BULGULAR

Travma olusturulan bébreklerin makroskopik incelemele-
rinde grade II ve III yaralanma oldugu, histopatolojik in-
celemelerinde de beklenen patolojik degisiklikler goriil-
dii. Travma grubundaki siganlarin hepsinde makroskopik
hematiiri izlendi. Travma grubunda 0-6., 12-24., 24-36. ve
36-48. saatler arasindaki idrar NAG/Cr diizeyleri islem
oncesi kontrol degerlere gore anlamli olarak yiiksek bu-
lundu. Sham grubunda ise sadece 0-6. saatteki idrar NAG/
Cr diizeyleri kontrol degerlere gore anlamli olarak ytik-
sekti. Sifir-6. saatteki NAG/Cr diizeylerindeki artis trav-
ma grubunda anlamli olarak daha fazlaydi.

SONUC

Izole kiint bobrek yaralanmalarindan sonra erken donemde
idrar NAG diizeyleri anlaml1 olarak yiikselmektedir. NAG
diizeylerinin kiint bobrek yaralanmalarinda bir 6l¢iit olarak
kullanilabilirligi i¢in daha kapsamli ve klinik ¢aligmalarla
gelistirilmesi gerekmektedir.
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Although mortality and morbidity due to trauma
have declined in children, injuries remain an impor-
tant health problem. Most of the intraabdominal or-
gan injuries in children occur due to blunt traumas,
and approximately 10% of these injuries affect the
genitourinary system.!'*! The kidneys are the most
frequently injured organs when genitourinary system
injuries are considered, and renal injury is recorded
in approximately 1-5% of all the injuries.** Clinical
findings are not manifest in 25% of the cases with a
serious renal injury.[”]

Although N-acetyl-B-D glucosaminidase (NAG;
2-acetamidodeoxy-p-glucoside acetamidodeoxy glu-
cohydrolase) has been used for the identification of
renal diseases and injuries, its application in renal
traumas remains an unknown issue. NAG is a stable
glycolytic enzyme excreted in the urine with a molec-
ular weight of 130,000 Dalton. It is particularly found
at a high level in the lysosomes of proximal tubule
cells. It cannot be filtrated through the glomerulus due
to its high molecular weight; thus, the increase in the
urine concentration is indicative of proximal tubular
damage and loss of lysosomal integrity./®*!

Having considered the fact that urine NAG levels
can show significant changes depending on renal
parenchyma and tubular damage after blunt trauma,
these levels may be used as a guiding parameter in
patients with suspected renal trauma.

In this study, it was aimed to investigate the avail-
ability of urine NAG levels for the diagnosis and fol-
low-up of renal trauma in rats.

MATERIALS AND METHODS

This study was carried out in a University Experi-
mental Research Center after the approval of the lo-
cal Animal Ethics Committee. Young adult, male,
Sprague-Dawley rats, 3 months of age and weighing
220-300 g, were included in the study.

The rats were fed with standard rat food ad libitum
and tap water in metabolic cages in a controlled room
(temperature 20 to 25°C; humidity 70% to 80%; 12-
hour (h) light/dark cycle).

The study was conducted on 2 groups of 10 rats
each.

Group 1: Rats underwent renal exploration only
(Sham)

Group 2: Rats were exposed to isolated blunt renal
trauma (Trauma)

Because basal NAG levels before the procedure
would be measured, no separate control group was
formed. An experimental procedure was carried out in
aseptic conditions under general anesthesia of 50 mg/
kg intramuscular ketamine hydrochloride (Ketalar®,
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Fig. 1. The trauma set prepared for the study: a 30 cm metal
tube with a spoon mechanism at its lower tip and
cylinder-shaped metal weights of 100, 75, 50, 40, 30,
25, 20, 15, 10 g, respectively.

(Color figure can be viewed in the online issue, which is avai-
lable at www.tjtes.org)

Eczacibasi, Istanbul, Turkey) and 4 mg/kg xylazine
hydrochloride (Rompun®, Bayer, Istanbul, Turkey).

Preliminary Study: Building an Experimental
Isolated Renal Trauma Model

A preliminary study was conducted on two rats to
obtain standard renal injury. Under general anesthesia,
each of the weights, 50 and 40 g respectively, was al-
lowed to fall from a metal tube of 40 cm (i.e. from 40
cm height) in a set designed especially by the research-
ers (Fig. 1) onto an isolated kidney. It was observed
that both of the kidneys were completely crushed and
shattered (Grade V injury) for these height and weight
values. The height was then lowered to 30 cm and the
weight reduced to 20 g to obtain milder injuries that
did not require resuscitation and surgical operation
following the trauma. It was recorded that an appro-
priate injury model was acquired as a result of the trial
performed on both kidneys applying the latter values.
Both rats were sacrificed with a high dose of anesthet-
ics after the preliminary study.

Experimental Study

a) Sham group: A midline laparotomy was per-
formed under anesthesia after shaving and cleaning
with antiseptic solution. The left kidney was identified
and isolated from the perirenal adipose tissue and re-
placed into its location. Five ml of saline solution was
injected into the peritoneum and the abdominal wall
was closed with 4/0 continuous atraumatic silk sutures
in two layers. Rats were placed into their metabolic
cages, fed by standard food and water and followed-up.
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b) Trauma group: After the left kidneys were
separated from the perirenal adipose tissue, they were
lifted from lateral sides, and the “spoon” portion of
the specially designed device for inducing trauma
was inserted under the kidney. The parenchyma was
targeted without causing damage to the renal pedicle,
and a cylindrical metal weight of 20 g was allowed
to fall once onto the kidney from a 30 cm height in
vertical axis. The device was removed, and the kidney
was replaced into the renal bed. Injury was observed
macroscopically. Five ml of warm saline solution was
injected into the abdomen, the abdomen was closed,
and the rat was replaced into the metabolic cage. The
same follow-up and care criteria were applied for both
rat groups following procedures. Urine samples were
acquired 6 h after the operation and at the intervals of
12-24, 24-36 and 36-48 h. Rats in both groups were
sacrificed with high-dose anesthetic agents at the end
of 48 h. The abdomen was opened, and both kidneys
were removed and placed into 10% formalin solution
for histopathological examination.

Collecting and Evaluating Urinary Samples

Urine samples accumulating in metabolic cages were
taken from both groups before the procedure and were
analyzed using URS-10 urine stripes (Teco Diagnostics,
Anaheim, USA). Urine samples were taken to measure
NAG and creatinine (Cr) levels in the urine and to cal-
culate normal basal values before the procedure. Basal
values made up the control group of the study.

Urine strip examinations were carried out in urine
samples of the groups that were obtained in the first
6 h following the operation and between the inter-
vals of 12-24, 24-36 and 36-48 h. Urine samples were
obtained for NAG and Cr. Urine samples were cen-
trifuged in 3000 rpm for 5 minutes (min). Acquired
supernatants were placed into Eppendorf tubes for
measurements and stored at -80°C.

The NAG index was calculated to eliminate the
changes in urine samples that would arise due to urine
volume.

Urinary NAG Index (U/g): The urinary NAG in-
dex was calculated as Urine NAG activity / Urine cre-
atinine concentration.

3-cresol-sulphophthalein method was applied to
measure the NAG activity in spot urine.'"” MCP-NAG
was used as substrate and the absorbance of 3-cresol-
sulphophthalein revealed through NAG hydrolysis
was measured by Techcomp 8500 II UV/VIS spectro-
photometer (Techcomp Ltd, Shanghai, China) in 580
nm. NAG 875406 kit (Roche Diagnostic GmbH, Man-
heim, Germany) was applied for measurements. Cr in
urine was measured by Olympus AU600 autoanalyz-
er (Olympus Optical Co Ltd, Japan) using Olympus
brand UV-kinetic kit and applying Jaffe method.!'!)
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Histopathological Examination

After the kidneys were fixed in 10% formalin so-
lution 48 h after the procedure, samples that passed
through the long renal axis and pelvis were taken. He-
matoxylin eosin (H-E), Masson’s trichrome (MAS)
and periodic acid-Schiff (PAS) stains were applied to
the samples.

Sections were evaluated with respect to capsule
rupture, interstitial hematoma, cortical laceration,
medullary laceration, glomerular damage (hema-
toma), tubular rupture, arcuate artery rupture, and
infarction. Changes were rated between 0 and 3 for
tubular rupture, subcapsular hematoma and interstitial
hematoma. Accordingly, 0 expressed no pathology;
1 mild changes; 2 moderate changes; and 3 severe
pathological changes. The other parameters were cal-
culated as 0 (no pathological changes) and 1 (presence
of pathology).

Statistical Analysis

Data acquired from the groups were expressed as
mean value + standard derivation (Mean + SD). The
Mann-Whitney U test was applied for the periodic
evaluation of groups, Kruskal-Wallis test was used for
period comparisons in each group, and Mann-Whitney
U test was applied for dual comparisons. Lowest sta-
tistical significance level was accepted as p<0.05.

RESULTS

All the rats survived until the end of the study.
Grade II or III renal damage was observed in all the
rats in the Trauma group. Following the procedure in
the Trauma group, macroscopic hematuria was seen
in all rats.

Urinary Strip Analyses

There were no pathological findings with regard to
urine strip examinations in either group before the pro-
cedure. Further, no pathological findings were identi-
fied in urine samples received from the Sham group
after the operation between the intervals of 0-6, 12-24,
24-36, and 36-48 h. Macroscopic hematuria, 2+ (80
erythrocyte/ul) and 3+ erythrocyte (200 erythrocyte/
ul) were observed in the strip test in urine samples ac-
quired from all the rats of the Trauma group following
the procedure in the interval of 0-6 h. Between 12-
24 h, macroscopic hematuria in 3 of the rats and 1+
(25 erythrocyte/pl) or low-level hematuria in all the
rats were still present. No macroscopic hematuria was
recorded in any of the rats between 24-36 h. No mac-
roscopic hematuria was observed between 36-48 h,
whereas low-level hematuria was identified in 4 rats in
the strip examination.

NAG Levels

Control NAG values before the procedure
were found to be 3.213+1.392 U/g on average in
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Table 1. Average NAG levels in groups

Groups NAG (U/g) NAG (U/g) NAG (U/g) NAG (U/g) NAG (U/g)
Control 0-6 h 12-24 h 24-36 h 36-48 h

Sham group 3.213+1.392 69.366+£51.618* 13.413+13.179 3.805+2.590 2.439+1.313

Trauma group 2.659+0.840 113.00+45.109* 14.703+13.962* 10.027+10.362% 8.253+7.294*

*: p<0.05 between the control and time interval values in each group.
*: p<0.05 between the corresponding values of the two groups.

the Sham group. It was recorded that NAG levels
(69.366+51.618 U/g) measured 0-6 h after the pro-
cedure were increased compared to control NAG
values before the procedure. Further, NAG levels
(13.413+13.179 U/g) measured between 12-24 h were
increased compared to control values before the pro-
cedure. The increase in NAG levels was statistically
significant compared to control values between 0-6 h
(p<0.05), whereas the increase between 12-24 h was
not significant. No significant difference was found in
NAG levels (3.805£2.590; 2.439+1.313 U/g) between
the intervals of 24-36 and 36-48 h compared to control
values (p>0.05) (Table 1).

Control NAG values before the procedure were
found to be 2.659+0.840 U/g on average in the
Trauma group. The NAG level was measured to be
113.00+45.109 U/g for this group between 0-6 h and
was higher than all the other groups. These values
were measured as 14.703+13.962, 10.027+10.362,
and 8.25347.294 U/g, respectively, between the inter-
vals of 12-24, 24-36 and 36-48 h. It was determined
that all NAG levels measured between the intervals
of 0-6, 12-24, 24-36, and 36-48 h were observed to
be increased significantly compared to control levels
before the procedure (p<0.05) (Table 1).

When the Sham group and Trauma group were
compared, no significant difference was found be-
tween NAG control levels and the values between
12-24 h, whereas the increase between the intervals of
0-6, 24-36 and 36-48 h was significant in the Trauma

120
¥ NAG levels of

100 A
Sham group

80 # NAG levels of

/’\ rauma group
40

Ulg

Control 0-6* 12-24 24-36* 36-48%*

Hours

Fig. 2. Comparison of NAG levels of the groups.

*p<0.05: When the same periods of the groups were compared.
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group compared to the Sham group (p<0.05) (Table 1,
Fig. 2).

Histopathological Changes

No pathologic findings were observed in the Sham
group on macroscopic and histopathological examina-
tion of the kidneys.

In the macroscopic examination of the kidneys ex-
posed to trauma, capsule damage, parenchymal lacera-
tion, bleeding, and perirenal bleeding were identified.
Grade III injury was determined in 6 rats, whereas
Grade II injury was noted in 4 rats in the Trauma group
macroscopically.

Pathological changes due to trauma were recorded
for all the rats and are summarized in Table 2.

DISCUSSION

The measurement of the urine enzymes to diagnose
kidney diseases and to reveal renal damage has a wide
range of clinical application.®'2!3 NAG, as a nonin-
vasive test, has special importance in the diagnosis of
renal damage in the early period, which occurs due to
toxins or diseases, and in the follow-up of the progres-
sive disease.®l NAG determination is a sensitive test to
measure the severity of the renal damage before renal
functions regress.!'*! However, there is not enough in-
formation in the literature about the changes in urine
enzymes due to renal damage caused by trauma di-
rectly.

The easiest means of identifying whether the geni-
tourinary system is affected in cases with general body
trauma is to analyze the urine sample of the patient
and to determine whether or not hematuria has devel-
oped.l! Sixty-five percent of the severe renal dam-
ages have macroscopic hematuria in the beginning
and 32.7% of those have microscopic hematuria; no
hematuria may be recorded in only 1.7% of the cases.
The reason for no hematuria in these cases is either
renal pedicle damage or ureteropelvic rupture, both of
which are rarely observed injuries.'” No correlation
has been found between the degree of hematuria and
the severity of the renal injuries. Thirty-one percent of
the minor renal damages have macroscopic hematuria
and 65.5% of those have microscopic hematuria; no
hematuria may be recorded in 3.4% of the cases.['*!"]
Macroscopic hematuria is a more significant finding
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Table 2. Histopathological examination of the kidneys in the trauma group

A B C D E F G H I
T1 2 0 2 0 1 1 0 1 0
T2 2 2 2 1 1 1 0 0 0
T3 1 1 3 1 1 0 0 1 0
T4 3 2 1 1 1 1 0 0 0
T5 3 2 3 1 1 1 0 1 1
T6 3 0 1 1 1 1 0 0 0
T7 2 0 2 1 1 0 0 1 1
T8 3 3 3 0 1 1 1 0 1
T9 2 1 3 1 1 1 0 0 0
T10 2 0 1 1 1 0 0 0 0

A: Tubular Rupture*; B: Subcapsular hematoma*; C: Interstitial hematoma*; D: Capsule rupture; E: Cortical laceration;
F: Medullary laceration; G: Glomerular damage hematoma; H: Arcuate artery rupture; I: Infarction.
In the first three parameters (*): 0: none, 1: mild, 2: moderate, 3: severe; other parameters are evaluated as 0: absent, 1: present.

when renal injuries are taken into account; however,
major renal injury was identified in only 32% of the
patients with macroscopic hematuria.?” In this study,
macroscopic hematuria was recorded in the early peri-
od in all rats of the Trauma group exposed to grade II-
III renal injuries. No hematuria was determined in rats
in the Sham group in either the macroscopic or strip
examinations performed in the postoperative period.

Although various indicators (serum Cr and urea,
Cr clearance, etc.) are used widely in routine labora-
tories to evaluate the glomerular damage in kidneys,
biochemical indicators for the evaluation of tubular
damage are limited. For his purpose, ALP (alkaline
phosphatase), GGT (gamma-glutamyl transferase),
LAP (leucine aminopeptidase), AAP (alanine amino-
peptidase), GAL (beta galactosidase), NEP (neutral
endopeptidase), and NAG measurements are used in
urine. However, the stability of the molecule to be
evaluated and the difficulty of collecting urine for 24
h restrict the usage of most of these indicators. Among
these indicators, NAG has become prominent in the
identification of renal damage.'42!24

N-acetyl-B-D glucosaminidase (NAG) is the most
frequently applied enzyme for the evaluation of renal
tubular damage. It was reported in the literature that
the stability of NAG enzyme excreted through the
urine was higher and that it maintained its activity for
a long period by freezing. Moreover, it was reported
that this enzyme might be used in routine clinical prac-
tice by proportioning urine NAG activity to Cr and
working with spot urine.['****! We also investigated
the changes in urine NAG levels in the early period
due to blunt renal injuries by applying the NAG/Cr ra-
tio in order to eliminate the effects of volume changes.

In clinical studies and in an experimental study
conducted on rats, it was indicated that NAG levels
increased just after ESWL (extra-corporeal shock
wave lithotripsy), urine NAG levels returned to nor-
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mal levels in one week, and that ESWL might cause
renal damage that recovers rapidly.*>*" In an experi-
mental study carried out on dogs by Fortes et al.,*!
it was recorded that urine NAG levels increased 12 h
after ESWL, and were decreased after 24 h. A second
ESWL applied 24 h later did not increase NAG levels
again. However, a NAG-related study on blunt renal
trauma was not found in the literature.

There are many study models in the literature on
blunt renal injuries. Trauma models are used in which
a cylinder-shaped weight attached to a pendulum in
vitro is released to fall by extending it towards a side
and crash to the kidney. Postmortem swine kidneys
were used in other studies and biomechanics of the
trauma and the final lesions were mostly emphasized.
(29311 No isolated blunt renal trauma model was found
in the literature. Thus, a standard injury model was
aimed to be obtained with a preliminary study. A metal
tube was designed by the researchers to be used in the
model. A spoon mechanism at its lower tip that could
be placed under the kidney (for renal isolation) and a
cylinder-shaped weight with smooth surface measur-
ing 1 cm in diameter (for trauma) were used. The aim
of the pre-study was to obtain a standard and accept-
able renal injury that did not require any posttraumatic
resuscitation or surgical intervention. It was found that
Grade III injury, among the five- degree renal injury
scale accepted by the AATS (American Association of
Trauma Surgeon)i*?! was observed by dropping a 20 g
weight from a height of 30 cm. This trauma model was
applied in rats in the Trauma group. It was determined
both macroscopically and histopathologically that 4 of
the rats had grade II and 6 had grade III renal injuries.

In this study, urine NAG levels, which were re-
corded at 0-6, 12-24, 24-36, and 36-48 h following
isolated blunt renal trauma, were found to be signifi-
cantly higher with respect to urine NAG levels before
the trauma. It was noted that an apparent increase was
found in urine NAG levels in the first 6 h particularly
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and that these high levels decreased in 48 h. An in-
crease in urine NAG levels recorded at 0-6 and 12-24
h was observed in the Sham group. The increase at
0-6 h was statistically significant. No significant dif-
ference was found for this group when urine NAG
levels at 12-24, 24-36 and 36-48 h were compared to
control values. In the study of Fortes et al.,*® intrave-
nous thionembutal was administered to dogs under an-
esthesia with Pentrane inhalation. Intravenous contrast
material was given during the procedure and a second
ESWL was applied at 24 h in the same manner. In that
study, urine NAG levels before ESWL were compared
to NAG levels at 12, 24, 36, and 48 h after ESWL;
however, no separate control group was formed to
evaluate the effects of anesthesia or contrast material.
In the present study, a Sham group, which received
anesthesia using ketamine and xylazine, was formed
in addition to the group exposed to trauma. The appar-
ent increase in urine NAG levels in the Sham group
recorded in the first 6 h was remarkable. It was thought
that this increase might be related to the anesthesia or
surgical operation. In the study carried out by Fortes
et al.,® in which ESWL was applied at 24 h with a
second anesthesia and contrast administration, no in-
crease in NAG levels was observed. This again sup-
ports the fact that the increase in urine NAG levels in
the Sham group, including in our study, may be due
to the surgical exploration. Additionally, when urine
NAG levels of both the Trauma and Sham groups re-
corded at 6 h were compared, it was found that the
increase in urine NAG levels of the Trauma group was
significantly higher.

In conclusion, urine NAG levels increase in the
early period due to posttraumatic tissue damage in the
kidneys. This increase is more apparent in the first 6 h
and continues decreasingly to 48 h as well. The results
should be supported by similar studies, and normal
NAG values of various age groups should be deter-
mined for the clinical applications.

Acknowledgement

The authors thank FUBAP (Firat University Re-
search Fund), Elazig, for financial support for this
project (FUBAP project no. 1619-2009) and S. Kerem
Ozel for his linguistic overview.

REFERENCES

1. Haller JA Jr. Life-threatening injuries in children: what have
we learned and what are the challenges? Bull Am Coll Surg
1995;80:8-18, 43.

2. Cooper A, Barlow B, DiScala C, String D. Mortality and
truncal injury: the pediatric perspective. J Pediatr Surg
1994;29:33-8.

3. Snyder CL, Jain VN, Saltzman DA, Strate RG, Perry JF Jr,
Leonard AS. Blunt trauma in adults and children: a compara-
tive analysis. J Trauma 1990;30:1239-45.

4. Kivioja AH, Myllynen PJ, Rokkanen PU. Is the treatment of
the most severe multiply injured patients worth the effort?

480

Ulus Travma Acil Cerrahi Derg

A follow-up examination 5 to 20 years after severe multiple
injury. J Trauma 1990;30:480-3.

5. Baverstock R, Simons R, McLoughlin M. Severe blunt re-
nal trauma: a 7-year retrospective review from a provincial
trauma centre. Can J Urol 2001;8:1372-6.

6. Kristjansson A, Pedersen J. Management of blunt renal trau-
ma. Br J Urol 1993;72:692-6.

7. Basaklar AC. Genitoiiriner travma. In: Bagaklar AC, editor.
Bebek ve ¢ocuklarin cerrahi ve iirolojik hastaliklari (in Turk-
ish). Ankara: Palme Yayincilik; 2006. p. 1787-810.

8. Noyan T, Sekeroglu MR, Diilger H. N-Asetil-B-D Glukoza-
minidaz ve bobrek hastaliklarinda kullanimi. Van Tip Dergisi
2000;7:80-3 [in Turkish].

9. Furuhata N, Shiba K, Nara N. N-acetyl-beta-D-glucosamini-
dase. [Article in Japanese] Nihon Rinsho 1995;53:1267-76.

10.Price RG. The role of NAG (N-acetyl-beta-D-glucosamini-
dase) in the diagnosis of kidney disease including the moni-
toring of nephrotoxicity. Clin Nephrol 1992;38:14-9.

11.Bowers LD. Kinetic serum creatinine assays I. The role
of various factors in determining specificity. Clin Chem
1980;26:551-4.

12.D’Amico G, Bazzi C. Urinary protein and enzyme excretion
as markers of tubular damage. Curr Opin Nephrol Hypertens
2003;12:639-43.

13.Jung K. Enzyme activities in urine: how should we express
their excretion? A critical literature review. Eur J Clin Chem
Clin Biochem 1991;29:725-9.

14.Price RG. Measurement of N-acetyl-beta-glucosaminidase
and its isoenzymes in urine methods and clinical applica-
tions. Eur J Clin Chem Clin Biochem 1992;30:693-705.

15.Mee SL, McAninch JW. Indications for radiographic as-
sessment in suspected renal trauma. Urol Clin North Am
1989;16:187-92.

16.Casale AJ: Urinary tract trauma. In: Gearhart JP, Rink RC,
Mouriquand PDE, editors. Pediatric urology. Philadelphia:
W.B. Saunders Company; 2001. p. 923-43.

17.McAleer IM, Kaplan GW, Scherz HC, Packer MG, Lynch
FP. Genitourinary trauma in the pediatric patient. Urology
1993;42:563-8.

18.Smith EM, Elder JS, Spirnak JP. Major blunt renal trauma
in the pediatric population: is a nonoperative approach indi-
cated? J Urol 1993;149:546-8.

19.Baumann L, Greenfield SP, Aker J, Brody A, Karp M, Al-
len J, et al. Nonoperative management of major blunt renal
trauma in children: in-hospital morbidity and long-term fol-
lowup. J Urol 1992;148:691-3.

20.Morey AF, Bruce JE, McAninch JW. Efficacy of radio-
graphic imaging in pediatric blunt renal trauma. J Urol
1996;156:2014-8.

21.Vigano A, Assael BM, Dalla Villa A, Gagliardi L, Principi N,
Ghezzi P, et al. N-acetyl-beta-D-glucosaminidase (NAG) and
NAG isoenzymes in children with upper and lower urinary
tract infections. Clin Chim Acta 1983;130:297-304.

22 .Neimark A, Fidirkin A, Celovalnikova I. Enzymuria as early
marker of interstitial nephritis. Int Urol Nephrol 1997;29:137-
40.

23.Kavukgu S, Soylu A, Tiirkmen M. The clinical value of uri-
nary N-acetyl-beta-D-glucosaminidase levels in childhood
age group. Acta Med Okayama 2002;56:7-11.

24.Noyan T, Sekeroglu MR, Diilger H. Bobrek hasar1 markerl-
erinin degerlendirilmesinde 24 saatlik ve spot idrar kullanimi
arasinda fark var midir? Klinik Laboratuar Arastirma Dergisi
2001;5:53-7 [in Turkish].

Kasim - October 2011



Determination of urinary N-acetyl-B-D glucosaminidase (NAG) levels in experimental blunt renal frauma

25.Erkizan O, Ayder AR, Minareci S, Lekili M, Dincel C. NAG,
GGT, creatinine, urea and creatinine clearance before and af-
ter ESWL. Int Urol Nephrol 1994;26:259-62.

26.Uozumi J, Ueda T, Naito S, Ogata N, Yasumasu T, Koi-
kawa Y, et al. Clinical significance of urinary enzymes and
beta 2-microglobulin following ESWL. Int Urol Nephrol
1994;26:605-9.

27. Weichert-Jacobsen K, Scheidt M, Kiilkens C, Loch T. Mor-
phological correlates of urinary enzyme loss after extracor-
poreal lithotripsy. Urol Res 1997;25:257-62.

28.Fortes MA, Andriolo A, Ortiz V, Srougi M. Effect of shock
wave reapplication on urinary N-acetyl-beta-glucosamini-
dase in canine kidney. Int Braz J Urol 2004;30:148-54.

Cilt - Vol. 17 Sayi - No. 6

29.Snedeker JG, Barnstuble BB, laizzo PA, Farshad M, Nie-
derer P, Schmidlin FR. A comprehensive renal injury concept
based on a validated finite element model of the human abdo-
men. J Trauma 2007;62:1240-9.

30.Schmitt KU, Snedeker JG. Kidney injury: an experimental
investigation of blunt renal trauma. J Trauma 2006;60:880-4.

31.Bschleipfer T, Kallieris D, Hauck EW, Weidner W, Pust RA.
Blunt renal trauma: biomechanics and origination of renal
lesions. Eur Urol 2002;42:614-21.

32.Moore EE, Shackford SR, Pachter HL, McAninch JW,
Browner BD, Champion HR, et al. Organ injury scaling:
spleen, liver, and kidney. J Trauma 1989;29:1664-6.

481



