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Abstract

Background: In recent years, the oxidative stress-induced free radicals have been
implicated in the pathogenesis of TID. It has been also reported that elements like
selenium (Se), zinc (Zn), and copper (Cu) involved in lipid peroxidation may play a
role in the pathogenesis and exacerbation of this disease. Objective: The aim of the
present study was to measure the serum levels of selenium, copper and zinc in children
with TID and compare them with that of apparently healthy children and to correlate
their levels with glycated hemoglobin (HbA1c%). Subjects and Methods: Our study
was carried on 100 children who were classified into 2 groups; Group I: included 60
diabetic children with mean age 7.8+2.1 years old, 25 male (41.7%) and 35 female
(58.3%), a mean disease duration of 5.21+2.59 years. Group Il: included 40 healthy
controlled children ‘with mean age 6.4+1.9 years old, 20 male (50%) and 20female (50%).
Results: The Se and Zn levels of children with TID were significantly lower than tlwse
of controls. Glycated hemoglobin (HbALlc) levels were found to be negatively correlated
\Vith Se and Zn levels. On the other hand, Cu levels of children with TIDM were
significantly higher than those of controls and higher in uncontrolled diabetic children
timn in the controlled diabetic children and there was a significant positive correlation
between glycated hemoglobin (HbAIc%) with Cu levels. The negative correlation
between Se, Zn and HbAlc levels may show poor metabolic control of the disease and
effect of oxidative injury. Those elements should be closely monitored during the course
of TID and supplementation of these elements may be beneficial both for controlling
diabetes and preventing long teen oxidative injury related to diabetic complications.
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Introduction essential metal elements and TIDM
Type one diabetes mellitus (TIDM) is a (Ozeuc et al., 2015).
chronic heterogenous group of disorder

which affect body metabolism occurs due Selenimn, an essential trace element with
to defects of insulin metabolism, it antioxidant properties, is a component of
emerges from autoimmune destruction of complex defense system against oxidative
insulin-producing pancreas islet cells in stress  (selenitml-dependent  glutathione
which environmental <md genetic factors peroxidases and selenoproteins) (Rayman
may have a role in the pathogenesis of this etal., 2012).

complex disease (Maritim et al., 2003).
Copper, an important part of many essential

Diabetes pathogenesis is considered to be enzymes involved in a number of vital
multi-factorial, and oxidant damage is one biological reactions. It participates in
of the factors in the etiology of diabetes oxidation-reduction reactions in energy
mellitus in children (Ozenc et al., 2015). metabolism. Indeed Abnormal metabolism

of Copper may have a role in the
There is a strong relation between some pathogenesis of chronic inflammatory
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disorders including TIDM (Lin et al.,
2014).

Zinc, an essential element, is useflll in
synthesis, storage and secretion of insulin.
Zinc, is a component of many enzymes.
The function of zinc in the body
metabolism is based on its enzymatic
affinity, way of a zinc enzyme complex
or zinc metalloenzyme, It plays an
important role in tlle maintenance of
several tissue functions (Ortega etal.,
2fJ12).

Subjects and Methods

This was a prospective cross sectional
study was carried out at pediatric
endocrinology  outpatients clinic, Minia
university children and maternity Hospital
during the period from October 2016 till
April 2017.

.This study included 100 children grouped
as following:

Group | (case group):-

It included 60 children diagnosed as
having TID according to ADA, (2016)
criteria  (ADA., 2016), their age ranged
from 5- 15 years with a mean of 7.8+2.1
years, 25(41.7%) of them were males
while 35 (58.3%) were females.

They were furtherly divided into 2
subgroups according to HbAlc level:
Group | A: 25 controlled diabetic
children 12(48%) of them males and
13(52%) of them females, with HbAIC :S
7.5.

Group | B: 35 uncontrolled diabetic
children 13(37%) of them male and

Results
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22(62.8%) of them females, with HbAIC
> 7.5 (JSPAD, 2014).

- Group Il (control group):

It included 40 apparently healtlly control
children age and sex matched with case
group with a mean of 6.4+1.9 years, 20
(50%) of them were males and 20 (50%)
were females.

All children witlL TID treated witll insulin
and had no other medications or
supplemental intake of vitamins and other
micronutrients. Insulin treatment consisted
of multiple daily injections, frequent
fasting, and postprandial capillary glucose
monitoring and adjustment of the insulin
dose accordingly.

Blood samples were obtained from the
children after an overnight fast under
complete aseptic technique, by sterile
venipuncture and divided into:

1- One ml was collected in plain tubes for
fasting blood glucose level.

2- Two ml was collected in tubes containing
EDTA as anticoagulant for HbALc assay.

3- Three ml was collected in plain tubes,
left to clot for 30-60 minutes at room
temperature and then, tubes were
centrifuged at 1500 rpm for 15 minutes
and separated serunl was directly
transferred to be kept frozen at — 20°
until Se, Cu and Zn assay to be done.
Statistical analysis of the data of this
study was performed using statistical
package for the social sciences (SPSS)
statistical package version 20.

Data were given as meanzstandard
deviation. Statistical significance was set
at a p value of <0.05.

Table (1): Comparison between diabetic children and control group as regard

the studied laboratory data.

(N 60)

Group |
Diabetic children

Group 11
Control children
(N 40)

Mean+SD

Mean+SD

Fasting Glucose (mg/dl)

153.4+25.1

86.6+18.09 0.005*

HbAIC (%) 8.7£2.2

5.9+0.5 <0.001*

Selenium (ng/ ml)

37.2+9.8

109.5+16.8 <0.001*

Copper (ug/dl)

201.9+16.4

134.1+27.7 <0.001*

Zinc (ug/dl)

24

46.1+9.3

87.3+15.7 <0.001*
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* (p) was considered Significantif< 0.05

Table (I) shows significant lower levels of selenium and zinc in diabetic children
than in control group. On the other hand, there were significant higher levels of glucose,

HbAIlc and copper in diabetic children than in control group.

Table (2): Comparison between controlled and uncontrolled diabetic children as
regard the studied laboratory data.

Controlled
(HbAIlc <7.5)
(N 25)

Uncontrolled
(HbAIc >7.5)
(N 35)

MeanxSD

MeanxSD

Selenium (ng/ml)

46.4+3.0

30.6+7.4

<0.001*

Copper (ug/dl)

185.8+11.2

213.4+6.9

<0.001*

Zinc (ug/dl)

54.9+6.2

39.7+4.8

<0.001*

HbAIc%

6.6+0.4

10.3+1.6

<0.001*

* (p) was considered Significantif< 0.05

Table (2) shows significant lower levels of selenium, and zinc in uncontrolled
diabetic children than in controlled diabetic children. On the other hand, there were
significant higher levels of copper and HbAlc in uncontrolled diabetic children than
in controlled diabetic children.

Table (3): Correlations between HbAlc with serum selenium, copper and zinc in
diabetic children.

P-value

Selenium(ng/ml)

<0.001*

Copper(1-1g/dl)

0.009*

Zinc(1-1g/dl)

<0.001-

*(p) was considered Significant if < 0.05

There were significant strong negative correlations between Se, Zn and HbAlc in diabetic
children (r=-0.927, p<0.00I; r=-0.900, p<0.001 respectively) (Fig. | and 3). On the other
hand, there was a significant positive correlation between Cu and HbAIc in
diabetic children(r=-0.861, p 0.009) (Fig. 2).
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(Fig. 1): Correlation between levels of selenium and HbAIc in diabetic children.
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(Fig. 2): Correlation between levels of copperand HbAIlc in diabetic children.
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(Fig. 3): Correlation between levels of zinc and HbAIc in diabetic children.
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Table (4): Relationship between duration of diabetes and selenium, copper, zinc and

HbA1c%.

TIDM cases duration
<5 years
(N 33)

TIDM cases duration
<5 years
(N 27)

MeanzSD

MeanxSD

Selenium (ng/ml) 37.3£9.5

35.03+10.5

Copper (ug/dl) 202.5+17.4

198.2+15.2

Zinc (ug/dl) 45.6+£9.4

46.7+9.2

HbA1c% 8.8+2.2

8.6+2.3

Table (4) shows insignificant difference in levels of Se, Cu and Zn in diabetic children as

regard the duration of the disease.

Discussion

Strict glycemic control is essential for
preventing the complications of diabetes.
HbAIc% is the stable product of non-
enzymatic irreversible glycation of the beta
chain of hemoglobin by plasma glucose and
is formed at rates that increase with
increasing plasma glucose levels. HbAlc %
levels provide an estimate of plasma
glucose levels during the proceeding I-3
months (ADA, 2014).

Antioxidant system disorder and/ or lack of
antioxidant elements such as Se, Cu and
Zn, changes in pancreatic antioxidant
enzyme activities are major factors accused
in the destruction of pancreatic B cells and
may be related in the development of
diabetes (Ozenc et al., 2015).

In our study serum Selenium concentrations
were reported to be decreased in children
with TID than in the healthy control group
(p value < 0.001) (table 1) and our results
were in agreement with Ozenc et al., (2015)
who reported a significant decrease of
serum Se in patients with TID. The lower
selenium status measured in diabetes might
be explained by effect of the disease, or its
associated inflammation, on selenium
status. For example, a systemic inflamm-
atory response produces cytokines that
inhibit the expression of SEPP1 and will
reduce plasma selenium (Rayman., 2012).

Another studies suggested that current daily
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intake of dietary selenium may be inade-
quate to protect human health (Rayman.,
2012). In addition, experimental and obser-
vational prospective studies indicate a
diabetogenic effect of selenium at low
levels of intake (Vinceti et al., 2009). The
supplementation of Se might have signi-
ficant value for the treatment of diabetes
and prevention of complications (Ozenc et
al., 2015).

On the other hand, our results were in
contrast with Tabar et al., (2012) and Asare
et al., (2013) who reported elevated of
serum Se in T2D patients. The high levels
of selenium concentrations lead to over
expression of GPx 1, which removing
hydrogen peroxide, a second messenger in
the insulin signaling cascade and insulin
binding to its receptor lead to insulin
resistance.

In addition, Se levels were significantly
lower in uncontrolled diabetic children than
in the controlled diabetic children (p value
<0,001) (table 2) and there were a signifi-
cant negative correlation between Se and
HbAIc levels (r = -0.927, P < 0.001), (table
3) and (figure 1). This was in agreement
with Ozenc et al., (2015), who found
decreased serum Se levels that negatively
correlated with HbAlc levels in diabetic
children and explained that by with poor
control, more hyperglycemia lead to excess
levels of reactive oxygen species that
interfere with the expression of SEPPI and
will reduce selenium concentrations.

Serum Levels of Selenium, Copper and Zinc
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In our study, no significant correlation
between disease duration and level of
selenium was observed (Table 4). This was
in agreement with the result by Forte et al.,
(2013), who found insignificant differences
were observed between the Se concent-
rations and duration of the disease.

In the present study, there was a significant
higher levels in serum copper in children
with TIDM in comparison to healthy
controls (p value <0.001) (table 1) and our
result was in agreement with Lin et al.,
(2014) and Salmonowicz et al., (2014), who
stated that serum copper levels were
significantly elevated in patients with TID
in comparison to control.

The increase in copper levels in patients
with TID may be attributed to hypergly-
caemia, which stimulates glycation and
causes release of copper ions from copper
binding sites of proteins. The release of
copper ions into blood further accelerates
the oxidative stress (Olaniyan et al., 2012).
Copper in its free form is a potent cytotoxic
element because of its redox chemistry. It
readily participates in Fenton and Heiber
Weiss reactions to generate reactive oxygen
species (Sarkar et al., 2010).

On the other hand, our result was in
disagreement with Basaki et al., (2012),
who stated that serum copper levels were
reduced in 20 Iranians diabetic patients, but
Ekmekcioglu et al., (2001) observed no
change in copper levels in diabetic patients
and control.

In addition, serum copper levels in our
study were significantly higher in uncon-
trolled diabetic children than in the
controlled diabetic children (p value
<0,001) (table 2). Moreover, there was a
significant positive correlation between Cu
and HbAlc (r = 0.861, P < 0.009) (table 3)
and (figure 2). This was in agreement with
EvliyaoiJlu et al., (2004), who found a
strong positive correlation between copper
and HbAlc that represents blood glucose
regulation. The relation between HbAlc,
which shows the glucose regulation, and
the increasing copper value supports that
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Cu is an important marker for oxidative
stress, because HbAlc levels rise with the
poor control of diabetes mellitus.

In our study, there was no significant
correlation between disease duration and
level of copper (Table 4).This was in
agreement with the result by Olaniyan et
al., (2012), who stated that no significant
differences observed between the Cu levels
and duration of the disease.

An unbalanced level of Zn in the body can
reduce the activity of the antioxidant
enzymes and to contribute to the tissue
damage (DiSilvestro., 2000).

In our study, serum Zinc levels were
significantly lower in children with TID
than in the healthy control group (p value
<0.001) (table 1) and these results were
in agreement with Kazi et al., (2008) and
Olaniyan et al., (2012), who reported
decrease levels of zinc in T2D patients.

Our result was in agreement with Ozenc et
al., (20 1S), who reported that serum zinc
levels in the diabetic group were lower
than in the control group and explained
by hyperzincuria or decreased gastro-
intestinal absorption of Zn, or both in
diabetic patients.

In fact, some authors found beneficial
effects in Zn supplemented T2D patients
and referred of an effective improvement in
their glycemic control (Al-Maroof and Al-
Sharbatti., 2006).

On the contrary, other studies found
unchanged levels of Zn (Serdar et al., 2009)
and (EvliyaoiJlu et al., 2004), while Zargar
et al., (2002), reported increased plasma
level of Zn in typel diabetic patients.

In addition, zinc levels were significantly
lower in uncontrolled diabetic children than
in the controlled diabetic children (p value
<0,001) (table 2). Moreover, there was a
significant negative correlation between Zn
levels and HbAlc% (r= -0.900 p<0.001),
(table 3) and (figure 3). This was in
agreement with Ozenc et al., (2015), who
found decreased serum Zn levels that
negatively correlated with HbA1c% levels
in diabetic children.

Serum Levels of Selenium, Copper and Zinc
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Quilliot et al.,, (2001) explained the
negative correlation between Zn levels
with HbA1c% levels in diabetic children
by hyperglycemia, as assessed by fasting
plasma glucose and by plasma HbAlc,
which was responsible for the increased
zinc excretion and the decreased superoxide
dismutase activity.

Jansen et al., (2009) had hypothesized that
the plasma Zn concentration may be
related to the duration of the disease, such
that the initial elevation of the plasma
levels at the onset of the disease (when B-
cells destruction occurs) is followed
afterwards by a drop when elevated
urinary Zn excretion overcomes the release
of Zn from B-cells. However in our study,
no clear relationship between disease
duration and level of Zn was observed
(Table 4).

So, zinc supplementation can protect
harmful  effect of diabetes-induced
oxidative stress and it can be hypothesized
that serum Zn levels should be closely
monitored during the course of TID and
supplementation may be given to patients
(Ozenc et al., 2015).

Conclusions

Lower Se and Zn levels and higher Cu
levels in diabetic children than control
group indicate the effect of oxidative
stress in pathogenesis of diabetes and
metabolism of insulin.

Also the negative correlation between
HbAlc and Se, Zn levels and positive
correlation with Cu level show the
negative effect of poor diabetic control on
oxidative system or the effect of oxidative
stress on poor control of diabetes.
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