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Abstract: The increasing reports of Insulin Dependent Diabetes Mellitus (TDDM) among the children of Saudi
Arabia are of due scientific concern. Random mid-day urine samples were obtained from 30 diabetic patients
(15 males, 15 females) and 50 subjects (25 males, 25 females) not under medication and without clinical evidence
of renal disease or diabetes mellitus were used as controls. Two urinary enzymes, N-acetyl-beta-D-
glucosaminidase (NAG) and Alamne Aminopeptidase (AAP) were measured in the urine, together with
microalbuminuria, total protein and Creatinine (Cr) concentrations. In diabetic patients, NAG, Microalbuminuria
(MATT) and Total Protein (TP) were found to be elevated which indicated that these children were prone to
kidney damage in the future. However, as these diabetic children had not yet developed any clinically
measurable kidney damage, therefore other parameters such as, Alkaline Phosphatase (AP), AAP and winary
creatinine were not elevated. This elevation in the enzyme-levels was most probably due to dysfunction of their
kidneys. Urinary NAG assay therefore could be used as an alternative measurement of renal dysfunction. The
assay coupled to the logistic regression equation described herein, is expected to be a useful clinical tool for
predicting incipient nephropathy in adults and children. A routine check-up focused on the markers mentioned
in this study might help the patients in practicing caution to avoid any future health threat posed by diabetes
and associated kidney damage.

Key words: Urinary N-acetyl-B-D-glucosaminidase, alanine amino peptidase, microalbuminuria, Tnsulin
dependent diabetes mellitus, kidney injuries

INTRODUCTION

According to Crook (2006) Diabetes Mellitus (DM) is
caused by an absolute or relative insulin deficiency.
Type-1 diabetes is also called juvenile-onset diabetes or
Insulin Dependent Diabetes Mellitus (IDDM) and
accounts for only 5-10% of those with diabetes (American
Diabetes Association, 2005). The prevalence of diabetes
mellitus in the majority of developing countries is 1-2%
(Bennet, 1983). In Saudi Arabia the prevalence of diabetes
mellitus is very high and it is expected to become 40-50%
by 2020 (El-Hazmi and Warsy, 1989). Especially, there
is a high prevalence of obesity in school children
(Al-Khader, 2001). Diabetic nephropathy occurs in
approximately 1/3rd of individuals with insulin dependent
diabetes mellitus and non insulin dependent diabetes
mellitus (Rehman et al., 2005). The prevalence of diabetic
complication was low (66%) in diabetic patients with
family history of diabetes as compared to diabetic patients
without family history of diabetes (79%) (Hameed et al.,
2002). Renal complications have received little attention
(El-Hazmi and Warsy, 1989) and detailed information on
diabetes mellitus in Saudi Arabia is not yet available,

therefore, further studies are required (El-Hazmi, 1990).
However, thrifty gene hypothesis, increased energy
intake (kcal day™") and first cousin marriage could provide
a reasonable explanation for this dramatic rise in DM in
Saudi Arabia (Al-Khader, 2001 ). Evaluation of winary
enzyme 15 a variable tool in the diagnosis of impaired
renal function (Dubach and Schmid, 1979; Jung et af.,
1992). Renal damage initially occurs in a specific region of
the Nephron (Jung et al., 1988) and in most instances the
damage is irreversible (Price and Whiting, 1992). Most
commonly used renal function tests are insensitive and
fail to identify early lesion while biopsy sampling is not
recommended in most of the cases except in the presence
of a well-established renal disease. Therefore, a sensitive,
non-invasive marker is required for early detection of renal
injury (Price and Whiting, 1992).

Abnormality of the enzyme metabolism system leads
to a number of metabolic diseases. Tt is shown that many
diseases associate with many components of the enzyme
metabolism systems are now widely applied in clinical
examinations as special markers for diseases (Raja et al.,
2011). Urinary N-acetyl-beta-D-glucosaminidase (NAG)
increases before the appearance of severe proteinuria in
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insulin-dependent diabetes mellitus. Urinary NAG is
related to bleood glucose levels and it decreases to normal
levels when the blood glucose level is well controlled
(Hsiao et al., 1996). Some authors have observed that
urinary NAG did not change with recombinant human
growth hormone treatment in short chuldren who suffered
from growth hormone deficiency. On the other hand, some
studies have reported increased levels of urmary NAG
when proximal tubular cells are injured due to any
disease process including glomerular proteinuria,
hyperglycemia and transplant rejection (Sasaki et al.,
1996; Kavukcu et al., 2002). Increased NAG enzymatic
activity in urine has been reported to be associated
with various kidney injuries (Price, 1992a). Furthermore,
it 1s considered to be a sensitive marker of renal diseases,
an early warmng of rejection after renal transplantation
(Simeoni et al., 1994) and a sign of drug nephrotoxicity
(Wellwood et al., 1975). Blood glucose and wrinary NAG
excretion have also been reported to be increased in
patients associated with poor glycemic centrol
(Stefanovic et al., 2003). In previous studies, urinary NAG
was found to be responsive to acute changes in blood
glucose levels over 7 days before the collection of urine
(Stefanovic et al., 2003). Alanine aminopeptidase (AAP)
is a superficial component of the luminal plasma
membrane and 1t 1 located m the brush border membrane
along the nephron (Price and Whiting, 1992). AAP is
used as a specific biomarker for kidney damage and may
be as a tool to diagnose kidney disorders. This is because
it 18 found in high levels m the urine when the tubular
cells are damaged (Tung et al., 1988). Urinary NAG was
found to be highly elevated in normotensive as well as
hypertensive patients, while urinary AAP was found to be
more elevated in hypertensive patients compared to
nommotensive patients (Lary, 2004). Alkaline phosphatase
are a group of isoforms which hydrolyse many types of
phosphate esters. In both humans and ammals, the major
sowrces of ALP are the liver, bone, kidney and placenta
(Raja et al, 2011). Two distinct iscenzymes of Alkaline
Phosphatase (AP) are found in the kidney cortex but not
in medulla (Burdmann et al., 1994). Alkaline phosphatase
AP 18 present in the luminal plasma membrane in the
proximal tubule (Cohn and Roth, 1996).

In the current study, Urmnary N-acetyl-beta-D-
glucosamimdase with other urinary enzymes that provide
an early indication of renal damage was assayed The
commonly used parameters indicative of the presence of
diabetes were measured as well.

MATERIALS AND METHODS

The present study was conducted on a total of 80
subjects. Ethical approval was granted to this work by

273

Directorate of Health Affairs Jeddah, Ministry of Health,
Kingdom of Saudi Arabia, (Dated: 8 April 2008). The
protocol followed for the study was in conformity with the
latest revised draft (2008) of the 'Declaration of Helsinki'.
The study subjects were divided into 2 groups, as
follows:

Group I: Non-diabetic subjects: The control group
consisted of fifty normal subjects (25 males and 25
females}, aged 8.34+2.85 years, who were school
students without any clinical evidence of renal
disease or diabetes mellitus. None of these controls
were taking drug medication. The body mass index
was 16.50+6.53 kg m™— among males and females
Group II: Diabetic patients: Thirty IDDM patients
were studied including 15 males and 15 females. The
age of the diabetic subjects was 10.10£2.37 years.
The patients were attending the Al-Aziziah Matermty
and Children Hospital. The body mass index was
17664598 kg m~™ The HbAlc values were
10.88+3.19 mg dL.™' among males and females

Methods: The urine samples were divided into three
aliquots; one (5 mL) was stored at -20°C until required,
while the second (3 mL.) was stored in 30% glycerol for the
assay of alanine aminopeptidase (AAP) and the third
sample was used immediately for urinary NAG activity
(umol/MNP released/h/1.) assay. The third sample was
assayed for NAG activity without freezing (Yuen et al.,
1984), using a commercially available colorimetric kit
based on MNPGIcNAc substrate (PPR Diagnostics Ltd.,
London E1 9AT, UK). Urinary creatinine concentration
{mmol L™ was determined using the Bonsens and
Taussky method (Bonsnes and Taussky, 1945) based on
the Jaffe’ reaction (Bradford, 1976). The determination of
creatinine was carried out in order to correct for variations
caused by changes in urine flow (Wellwood et al., 1975).
The AAP activity (umol™ Cr) was determined according
to the method of Mattenheimer et al. (1992). Alkaline
phosphatase was measured using the modified method
described by Pollard et al. (1990). Urinary total protein
{mg mmol ™ Cr) was assayed according to the methed of
Bradford (1976) using Coomassie Brilliant Blue G-250
(Merck Chemicals L.td., Poole, England). The microl, test
strips  (Boehringer Ltd.) were wused to detect
microalbuminuria (mgL.™"). This test allows specific
detection of human albumin (<200 mg 1.7"). The intensity
of the dye 1s checked exactly after five minutes, the
intensity being directly proportional to the albumin
{mg .™") content of the urine. Urine pH and glucose
{mg L") were detected using Combur-Test strips
(Boehringer 1.td.). Glycosylated hemoglobin (HbAlc) was
determined using an Abbott IMX glycated hemoglobin
test (Little et al., 1986; Middle er al., 1983).
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Statistical analysis: Significance of the association of
study variables with status of the subjects (normal
subjects versus diabetic subjects) was tested by
Student's t-test or Fisher’s exact test as appropriate. A
two tailed p-value of <0.05 was taken as significant.
Statistical analysis was performed by SPSS version 14.

RESULTS

The clinical and biochemical features of the studied
groups are shown in Table 1. Urine samples from healthy
Saudi subjects without any listory of renal disease,
hypertension or diabetes mellitus were found to be free of
glucose, had normal PH, as well as NAG, AAP and AP
activities. There was no microalbuminuria or overt
proteinuria (Table 1) present. No significant differences
were found between males and females and therefore the
data was pooled for the whole group.

When Urine samples from 30 diabetic subjects were
analyzed and compared with the control group (Table 2).
NAG activities were found to be increased four-fold. AAP
and AP activities displayed a three-fold increase each
while microalbuminuria displayed a five-fold mcrease.
Significant differences in levels of urinary NAG, TP,
urinary glucose and HbAlc (p< 0.01, p<0.01, p<0.01 and
p<0.01, respectively) were observed when compared
diabetic group with non-diabetic control subjects.

Regression

Linear regression: Analysis for each group was carried
out between NAG/Cr (as an independent variable) and
AAP/Cr, AP/Cr, MAU/Cr and TP/Cr (as a dependent
variable).

NAG/Cr and AAP/Cr: In normal subject the relationship
is not significant (p=0.05) and coefficient of determination
is very low (R* = 0.071) that is to say that any increase in
NAG/Cr value is not associated with an increase in
AAP/Cr value. The data shows that the relationshuip of
NAG/Cr and AAP/Cr in TDDM group is stronger than in
mcrease levels of AAP/Cr in diabetic group whereas,
p<0.05 and coefficient of determination is high {(R* = 0.68)

NAG/Cr and MAU/Cr: In control subjects there is no
significant difference between the two parameter (p>0.05)
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Fig. 1(a-b): Scattered plots of NAG/Cr vs. AAP/Cr in
(a) Control subjects (p-value = 0.06, R* = 0.
07)and (b) TDDM group (p-value = 0.001,

?=0.68)

Table 2: Comparison between group It
group II: (diabetic population)

(nommal population) versus

) Group I Group IT
(Fig. 1).
Parameters n=>50 n=30 p-value
Table 1: Clinical and biochemical features of the control group (n=50) and NAG_ (!Jmothﬂ’mmol 628.03£011.78 17624544581.74  0.001
diabetic patients (n=30), which is collected from the hospital files creatinine) .

Climical and AAP (U mmol 0.03+0.03 0.08+0.10 0.254

. : . L . creatinine)
blOCht,‘lTllCﬂl. features - Control subjects Diabetic patients AP (U mmel™ creatinin)  0.04£0.04 0.10£0.09 0.222
Body mass index (kg m™) 16.50+6.35 17.66£5.98 Total protein (mg mmol™!  0.00:£0.00 0.10£0.01 0.001
HbAlc (mg dL ) 4.2-6.2 10.88£3.19 creatinine)
Retinopathy (%) ve 1 Microalbuminuria 3.8746.75 187764661 0461
Neurological disease (%) -ve -ve (mg mmol™ creatining)
IDDM (%) 1 ve 30 Glucose (mg dL™h) All< 50 1998.20+4934.73  0.001
Glucose (mg dL™") 70-180 356.57+173.24 Urinary creatinine (mmol) ~ 3.3543.19 2.3543.16 0.156
Ca"” (mg dL.™h 7.6-11 8.79+0.057 pH 6.0441.12 5.53+0.73 0.022
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and coefficient of determination is very low (R* = 0) so,
the relationship is not linear at all, this means that there is
no sigmficant relatonship between the two parameters.
As for diabetic patients the linear regression may be
considered fairly linear i.e. the relationship is not
significant and coefficient of determination is low so, the
relationship 1s not strong enough and increase in NAG/Cr
was not associated with an apparent increase in MAU/Cr
whereas, (p>0.05 and R* = 0.02) (Fig. 2).

NAG/Cr and AP/Cr: In control subjects the relationship
1s not significant (p=0.05) and coefficient of determmation
(R* = 0.01) is very low that is to say that any increase in
NAG/Cr value is not associated with an increase in AP/Cr.
The data shows for IDDM group that the relationship 1is
linear and any mcrease in NAG/Cr 15 associated with an
increase of AP/Cr whereas, p<0.05 and R* = 0.76) (Fig. 3).
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Fig. 2(a-b). Scattered plots of NAG/Cr vs. MAU/Cr in
{a) Control subjects (p-value = 0.92, R*=0)
and (b) IDDM group (p-value = 0.42,
R*=10.02)

NAG/Cr and TP/Cr: In control group there is no
significant association between the two parameters
(p=0.05) and coefficient of determination 15 very low
(R* = 0.05) so, the relationship is net linear at all. This
means that there 13 no strong relationship between the
two parameters. As for diabetic patients the relationship
1s sigmficant (p>0.05) and coefficient of determination was
very low (R* = 0.05) i.e., the relationship between the
NAG/Cr and TP/Cr was not strong relationship and any
increase in NAG is not associated with an apparent
increase in TP/Cr (Fig. 4).

Logistic regression: This analysis can be adapted to

include qualitative  dependent wvariables (NAG) to
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Table 3: The values of coefficients (b-constant) for all variables, p<0.05

Variables Logistic regression coefficients (b)
Age -0.45
Urinary creatinine -0.29
NAG -0.00
AP 24.33
AAP 31.01
MAU 0.06
TP -734.86
pH -033
UGLu 0.00
Albumin 0.57
BMI 0.23
HbaAlc -0.01
Constant (a) -54.84

dependent variables as seen below in order to predict the
presence or absence of a characteristic or outcome
based on the values of these dependent variables on

the other hand, it is also to see the probability of how
much the individuals will be affected by a particular
diseases.

p=cl fltel)

So, The predicted ¥ value for this mdividual using
the values of the partial regression coefficients (b) for the
corresponding variables and (a) i1s a constant which 1s
equal -54.84 (Table 3) whereas, p has a value of 1 for the
presence the disease but if p is equal zero the individual
is normal.

DISCUSSION

Renal damage is an important and serious diabetic
microvascular complication and is the leading cause of
end stage renal disease (Ibrahim and Vora, 1999). In the
present study, diabetic
nephropathy have been assayed in the urine of Saudi
control group and Saudi patients suffering from insulin
dependent diabetes mellitus. The parameters used
for investigation are considered to be useful markers
for diseases and are used for the first time among
the Saudi children population. To owr knowledge, this
is the first report which describes possible early
markers for assessment of diabetic nephropathy in Saudi
children.

In clinical trials, decrease m creatinine clearance,
increase in creatinine clearance and especially appearance

numbers of markers for

of microalbuminuria are keys for diagnosis and treatment
of diabetic nephropathy (Hong and Chia, 1998;
Ruggenenti et al., 2004). But these markers are insensitive,
unreliable, non specific and there 1s a time delay between
renal injury and detection. Thus, if other biomarkers are
found with improved specificity and sensitivity, this could
reverse or prevent the onset of renal damage. For several
years, many studies including i vitre and in vivo have
demonstrated that excreted urinary enzymes are useful
biomarkers for evaluaton and diagnosis of tubular
dysfunction or imjury, especially NAG (Uslu et al., 2005,
Price, 1992b; D’ Amico and Bazzi, 2003). Hence, tubular
damage most likely precedes glomerular damage so,
urinary enzyme excretion can be used (Uslu et al., 2005).
Our study showed that uninary NAG and TP were excreted
higher in diabetic patients compared with control group
(p<0.001 and p<0.01, respectively). This data agrees with
(Fathy et al., 2009, Basturk et al., 2006, Calatlano et af.,
1996; Uslu et al., 2005, Karakani et al., 2007) which
demonstrated an mcrease in urinary NAG in diabetic
patients that indicate these diabetic patients had tubular
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damage and may identify early diabetic nephropathy.
Urinary NAG should be as useful in children as it is in
adults for the detection of renal tubular disease, provided
an accwate normal range is used. Increase in NAG
excretion has been reported by several authors in diabetic
patients (Jung et al, 1988; Salem et al, 2002,
Piwowar et al., 2006).

Microalbuminuria refers to the appearance of low but
abnormal levels = 30 mg day ™' or 20 pg min™" of albumin
in the urine or an Albumin Creatinine Ratio (ACR)
30= mg g~ in spot urine. Patients with microalbuminuria
are referred to as having incipient nephropathy (American
diabetes association, Inc., 2004). Several studies has been
identified a number of children with diabetes developmg
MAT before the onset of puberty (Moore et al., 2000,
Schultz et al., 1999). In this study we found no significant
difference in MAU between control group and diabetic
patients (p=0.03). The presence of elevated NAG and
microalbuminuria in all diabetic patients investigated,
suggests that they have a high risk of developing diabetic
nephropathy with the possibility of progressing to ESRD
(UK perspective  diabetes study IX, 1993).
Microalbuminuria is also considered as an important
marker of greatly increasing cardiovascular morbidity and
mortality among the patients with type 1 diabetes and
type 2 diabetes.

One finding in the cwrent study was different
remarkably from other reports. Marked decrease was
encountered in AAP and AP due to the storage condition
as these markers are very sensitive. The present study
showed that no significant difference in AAP and AP
(p=0.05, p=0.05, respectively) in diabetic patients
compared with control group. Alamne aminopeptidase
and alkaline phosphatase were not elevated because the
kidney damage had not progressed yet.

The results obtammed m the study for pH, urinary
creatinine and the activity of N-acetyl-beta-D-
glucosaminidase enzyme were in close agreement with the
international reference ranges. Also no sex difference was
recorded between males and females because the sex
hormones are not active yet. It is a genuine observation
that winary glucose, HbAlc and plasma glucose
increased in diabetic children because the pancreas fails
to form and excrete insulin and this leads to accumulation
of glucose in the body.

The parameters investigated may not be useful in
diagnosing late stage of kidney failure but the
parameters might be useful for monitoring the progress
of the disease and the effect of the treatment of
kidney failure in normal children and diabetic children.
By using the logistic regression equation we can
predict the percentage of population that might be
expected to suffer from the disease in the future. In the
logistic regression ¥ is calculated by adding all
parameters and each multiplied by it is own constant. Tn
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order to calculate the probability of effect, the following
equation is plotted:

p=el /ltel)

were as p is a probability of effect. This equation can
predict the percentage for occurrence of the disease in 20,
30 or 100%. The use of linear regression and according to
coefficient of determination and p-value, there was a
strong relationship between NAG and some other
parameters, such as: AAP and AP in diabetic subject i.e.,
the increased level of NAG was associated with an
increased level of AAP and also, increased the level of
activity of AP in the body. In control subjects, no strong
relationship was found between NAG and other
parameters such as AP, TP and MATL

CONCLUSION

Urinary NAG assay therefore could be used as an
alternative measurement of renal dysfunction. The assay
coupled to the logistic regression equation described
herein, is expected to be a useful clinical tool for
predicting incipient nephropathy in adults and children.
A routine check-up focused on the markers mentioned in
this study might help the patients in practicing caution to
avoid any future health threat posed by diabetes and
associated kidney damage.
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