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ABSTRACT

The metabolism of several trace elements is altered in diabetes mellitus (DM). The present study
investigates serum levels of lipid profile and lipid per-oxidation as well as levels of Mg, Cu, Ni, Co,
Mn, Cr, Se, V and Zn, in 72 males with non- insulin- dependent diabetes mellitus (T2DM) and 21
non-diabetic healthy control subjects using inductively coupled plasma optical emission
spectrometry (ICP-OES). The results showed highly significant increase in serum concentrations of
LDL-C, TG and Cholesterol in T2DM patients in comparison with non-diabetic subjects (P<0.001).
The levels of Zn, Mg and V in male diabetic patients showed significant decline as compared to
controls (P<0.001). Also serum Cr and Co showed a significant decrease between non-diabetic
subjects and T2DM patients (P<0.05), whereas Ni, Mn and Se showed no significant differences
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between the control and T2DM patients. The serum Cu level revealed a substantial increase in
T2DM patients compared to non-diabetic individuals (P<0.001). Therefore, deficiencies in trace
elements and high level of lipid per-oxidation products appear to be possible additional risk factors
in the some pathogenesis of type-2 diabetes mellitus and its complications.  In addition, they could
be used as markers to evaluate the glycemic control and the lipid status of diabetic patients.

Keywords: Diabetes; trace elements; lipid per-oxidation; ICP-OES.

1. INTRODUCTION

Diabetes Mellitus (DM) is a chronic disorder of
carbohydrates, lipids, and proteins metabolism. It
is characterized by an absolute or relative
deficiency of insulin and/or the absence of insulin
receptors [1,2].

Changes in the concentration of insulin have also
been shown to influence or to be associated with
changes in the concentrations of several trace
metals in the blood, urine and other tissues [3].

Trace elements are essential nutrients with
regulatory, immunologic, and antioxidant
functions as they act as essential components or
cofactors of some enzymes throughout
metabolism [4]. Each trace element contributes
differently in many important physiological and
biochemical processes in the body. The
interaction between trace elements in biological
processes play a role in mediating biological and
chemical reactions which could be applied to the
management of human health [5-7]. A significant
relationship was found between trace elements
status and different DM states [8].

Numerous studies have clearly demonstrated
that some trace elements are involved in
regulating or potentiating insulin action [9,10,7].
Changes in blood insulin levels have also been
shown to influence or to be associated with
changes in the concentrations of several trace
metals in blood, urine and other tissues [3].
Establishing links between trace element
concentration in blood and diabetes can thus be
a useful mean to predict and manage diabetes
complications [10,11,2]. Complications of
diabetes are usually associated with increased
production of free radicals or impaired
antioxidant defenses [12,13]. For instance the
decreased levels of selenium, zinc and copper
may affect antioxidant system in diabetes [14].

DM may alter the copper, zinc, chromium,
magnesium and lipid per-oxidation status [15].
Therefore, the aim of the present study was to
investigate lipid profile, lipid per-oxidation and the

levels of Mg, Cu, Ni, Co, Mn, Cr, Se, V and Zn in
Libyans with T2DM compared with healthy group
as well as the correlation between levels of trace
elements and lipid profile content was also
examined.

2. MATERIALS AND METHODS

2.1 Ethical Considerations

The protocol of the study was approved by the
Ethical committee of Biotechnology Research
Center (Tweasha, Tripoli, Libya) on 2014. In
addition, the study was performed according to
the guidelines present in the Declaration of
Helsinki which was amended in 2013 [16].
Informed consent was sought and obtained from
individuals before enrollment into the study.

2.2 Design of the Study (Subject, Groups
and Samples)

This study was a cross-sectional study
conducted on 93 subjects (72 with T2DM and 21
controls) who attended the Endocrinology &
Diabetes Center (Tripoli, Libya), with age ranging
from 30 to 70 years. Subjects included in the
current study were selected from the general
population according to the following criteria:
first, they were suffering and diagnosed as T2DM
patients. Second, they were free of any ailment
which could affect the parameters under study,
and third, they are not on any medication.
Patients with type-1 diabetes mellitus, hemolytic
anemia, hemoglobin variants, pregnancy, hepatic
disease and infectious diseases like tuberculosis,
and sarcoidosis, were excluded from this study.
In addition, subjects under treatment with drugs
such as chelating agents, and ethambutol, D-
penicillamine were also excluded. Twenty one
apparently healthy, non diabetic subjects of
similar socioeconomic status, who were
members of the hospital community, were
recruited to serve as control. A detailed medical
history was taken and a physical examination
was performed upon all participants.



Alghazeer et al.; JABB, 3(3): 90-100, 2015; Article no.JABB.2015.036

92

2.3 Blood Sample Collection

Blood samples were taken after an overnight
fasting and collected into special metal-free
tubes for analysis of trace elements and
biochemical parameters. Blood samples (10 ml)
were obtained from the capital vein of each
participant using sterile disposable plastic
syringe. Specimens were collected at
standardized time to minimize any effect of
diurnal variation. Blood samples in a vacutainer
tubes left to clot and the serum was separated by
centrifugation at 4ºC.

2.4 Determination of Biochemical
Parameters

Various biochemical parameters in blood
including: Fasting blood sugar (FBS) measured
by the method of (Bondar and Mead, 1974) [17],
triglycerides (TG) [18,19], total cholesterol (TC)
[20], high-density lipoprotein cholesterol (HDL-C)
[21], low-density lipoprotein cholesterol (LDL-C)
and Glycosylated hemoglobin (HbA1c) according
to International Federation of Clinical Chemistry
(IFCC) [22,23].

All biochemical parameters measured according
to standard protocols using Pre-modular
analytics by using a kit with COBAS INTEGRA®
400 plus in the Biochemistry Laboratory, at the
Pathology Department in the Diabetes &
Endocrinology Center, Tripoli, Libya.

2.5 Determination of Lipid Per-oxidation
Level in Serum

Serum lipid per-oxidation was measured
according to the method described by Burtis and
Ashwood, [24]. The levels of lipid per-oxidation in
control and treated samples were measured by
the formation of thiobarbituric acid reactive
substance (TBARS).  Briefly, 2 ml of TBA (0.7%)
were added and sample heated at 100oC for 30
min. After cooling, the solutions were centrifuged
at 1500 x g for 10 min.  The absorbance of the
pink supernatant was measured at 532 nm. To
prevent oxidation during the assay, 67μM
Butylated hydoxytoluene (BHT) was added at the
beginning of the assay. MDA concentration was
calculated using 1,1-,3,3--tetramethoxypropane
as standard and was expressed as mg/dL of
MDA.

2.6 Trace Elements Determination

Aliquots of serum samples (150 μL) were mixed
with concentrated nitric acid (600 μL) and 30%

hydrogen peroxide (400 μL) into a pre-cleaned
15 mL polypropylene tube (Cen-Med). The tubes
were loosely capped, centrifuged for 10 minutes
at 4400 rpm. Then the sample was heated at
96ºC on a heating block digester for 90 min [25].

The analysis of serum samples has been carried
out using ICP-OES at Nuclear research Center,
Tripoli, Libya.  ICP-OES (model: VISTA-MPX,
CCD simultaneous ICPOES, VARIAN, nebulizer
type: glass concentric with pressure of 200 kPa,
Perkin Elmer, USA) was operated under suitable
conditions including choosing the suitable
wavelength for each element (Mn 257 nm, Cr
267 nm, Cu 324 nm, Zn 213 nm, Co 228 nm, Mg
280 nm, Ni 232 nm, V 290 nm and Se 196 nm)
with plasma argon flow rate of 12 L/min, auxiliary
argon flow rate of 1.5 L/min, nebulizer argon flow
rate of 0.4 L/min, integration time 100 s, read
delay 20 s, and peristaltic pump flow rate of 1
mL/min. The measurement of Seronorm™ Trace
Elements Serum quality control samples as
compared with Seronorm P TM P certified
values.

2.7 Statistical Analysis

Computer package IBM SPSS (Statistical
Package for Social Science) version 17.0 was
used in statistical analysis. All data were
expressed as the mean ± standard deviation and
data obtained in the study were compared by two
– tailed t-test for unpaired data. Association
between all parameters was determined using
multiple comparisons and Pearson’s correlation
coefficient (r). P-values less than 0.05 were
considered significant.

3. RESULTS

Table 1 shows the distribution of study groups
according to age. For subjects with type-2
diabetes,  the mean of patient's age was 55.43
years (range, 30–70 years),  Among the different
age groups, there were 17 patients (23.6%) age
< 50 years, 51 patients (70.8%) ages of 50-69
years, while 4 patients ( 5.6%) age ≥ 70 years.
The mean non-diabetic subjects (control) age
was 51.05 years (range, 30–72 years),  Among
the different age groups, there were 10 subjects
(47.6%) ages of 30-40, 10 subjects (47.6%) ages
of 50-69 years, and 4 subjects (4.8% ) age ≥ 70
years.

The diabetic patients had slightly excess body
weight compared to the control subjects The
mean duration of diabetes was 8.13±4.86 years,
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and 31.9% of diabetic patients and 40% of non-
diabetic subjects were smokers (Table 2).

Table 1. Distribution of subjects according to
their age

Age groups (years) n
30-49 50-69 >70

Control (n) 10 10 1 21
Diabetics (n) 17 51 4 72

Table 2. Description of physical
characteristics for diabetic and non-diabetic

(control) subjects

Parameters ND T2DM
n 21 72
BMI 27.80±6.13 28.28±4.46
Duration of
diabetes (years)

- 8.13±4.86

Smoking 40% 31.9%
Values are expressed as mean ±SD for n subjects,

ND: Non diabetic, BMI, Body mass index,
T2DM, non-insulin dependent (Type-2) diabetes

mellitus

The results showed a highly significant increase
in serum FBS and HbA1c in T2DM patients as
compared to non-diabetic subjects (P<0.001)
(Fig. 1).

Analysis of serum lipid profiles included
measurements of parameters such as
cholesterol, triglycerides, HDL-C, and LDL-C in
both T2DM patients and non-diabetic subjects
(Fig. 2). The obtained results showed no
significant change in HDL-C between T2DM and

non-diabetic subjects. However, highly significant
increase in serum concentrations of LDL-C, TG
and total cholesterol was markedly observed in
T2DM patients as compared to non-diabetic
subjects (P<0.001).

As shown in (Fig. 3), serum TABRS
concentration was significant higher in T2DM
group (0.036±0.069 mg/dl) than control group
(0.027±0.041 mg/dL) (P<0.05).

As shown in (Table 3), most of element
concentrations in T2DM males sera were
markedly lower as compared to the control
group, except the level of Cu which was
significantly higher in patients with type-2
diabetes than control subjects (P<0.000).

In comparison with control, the serum level of
Mg, Zn and V were found to be significantly
decreased (P<0.001) in diabetic patients; the
mean values for non-diabetic subjects were
12.21, 1.17 and 0.017 mg/L respectively,
whereas the mean values for T2DM patients
were 6.16, 0.809 and 0.005 mg/L respectively.

In addition, the serum levels of Cr and Co were
significantly diminished in T2DM patients as
compared to control group (P<0.05). As
illustrated from Table 3, the mean values of Ni,
Mn and Se showed no significant difference
between patients with T2DM and the control
group (P>0.05). Also, the mean serum Cu level
was noticeably elevated in T2DM group as
compared to non-diabetic subjects (P<0.001);
the mean value for control group was 0.862 mg/L
while the mean for T2DM group was 1.24 mg/L.

Fig. 1. Concentrations of FBS (A) and HbA1c (B) in serum of male T2DM patients compared to
non-diabetic subjects (male)

Data are mean ± SD; **P<0.001 for T2DM compared with control group
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Fig. 2. Concentrations of LDL-C, HDL-C, TG and Cholesterol in T2DM male patients compared
to non-diabetic subjects, respectively

Data are mean ± SD; **P<0.001 for T2DM compared with control group

Table 3. Serum level of trace elements and Mg in male diabetic patients and non-diabetic
(Control) subjects (Mean±SE)

Element (mg/L) Group P Value
T2DM Non-diabetics

Zn 0.809±0.329** 1.17±0.198 0.000
Cu 1.24±0.375** 0.862±0.303 0. 000
Cr 0.061±0.070* 0.105±0.045 0.008
Ni 0.209±0.177NS 0.177±0.160 0.427
Co 0.035±.034* 0.078±0.153 0.0 28
Mg 6.16±3.24** 12.21±2.59 0.000
Mn 0.069±0.084 NS 0.059±0.091 0.645
Se 0.173±0.331 NS 0.331±0.533 0.055
V 0.005±0.008** 0.016±0.018 0.000

* Significant at (P<0.05) between control and Diabetics subjects
** Highly Significant at (P<0.001) between Diabetics group and Non-diabetics group subjects

In order to examine possible association
between trace elements levels and other
biochemical parameters in diabetic patients,
further statistical analyses (Pearson's correlation)
were applied. Cr was inversely correlated with
HbA1c (r=-0.25); Mg was inversely correlated
with HbA1c and MDA (r=-0.34 and -.25,
respectively) (Table 4); Ni showed a positive
correlation with Cu and Cr (r= 0.332 and 0.360
respectively). In addition, positive correlation was
found between Mg and Mn with Cu (r=0.262,
0.296, respectively) and V was correlated with
Mg (r=0.250) (Table 5).

4. DISCUSSION

DM is a chronic disease that requires long-term
medical attention to limit the development of its
devastating complications and to manage them
when they do occur [26]. There is accumulating

evidence that the metabolism of several trace
elements is altered in diabetes mellitus and that
these nutrients might have specific roles in the
pathogenesis and progress of this disease [27,1].

In the present study, fasting blood glucose level
was significantly higher in diabetic patients than
in healthy subjects.

Serum HbA1c of the diabetic patients and control
subjects are presented in (Fig. 1B), which was
substantially higher in T2DM group in
comparison with control group (P>0.001)
indicating a poor or inadequate controlled
diabetes in patients. Present study showed
increase in HbA1c which is associated with
dyslipidemia, causing fatty liver and therefore
increases liver enzyme activities as reported in
previous study [28].
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Fig. 3. Thiobarbituric acid test values obtained for T2DM patients and non- diabetic subjects
Data are mean ± SD; *P<0.05 for T2DM compared with control group

Table 4. Pearson Correlation of trace elements and Mg with biochemical parameters among
T2DM patients group

Element FBS HbA1c TG Chol LDL HDL MDA
Zn 0.154 - 0.061 - 0.021 0.133 - 0.131 - 0.134 - 0.068 -
Cu 0.153 - 0.034 - 0.141 - 0.104 - 0.035 - 0.012 0.099
Cr 0.034 - -0.250* 0.094 0.001 - 0.077 0.058 - 0.011
Ni 0.016 - 0.201 - 0.198 - 0.071 - 0.001 - 0.115 0.010 -
Co 0.118 0.210 0.076 - 0.028 0.204 0.005 - 0.009 -
Mg 0.178 - -0.340** 0.054 0.102 - 0.016 - 0.039 - -0.249*

Mn 0.071 0.072 0.028 0.001 0.103 - 0.016 0.038 -
Se 0.097 0.095 - 0.215 0.040 0.060 0.137 - 0.169
V 0.086 0.110 - 0.007 0.196 - 0.007 - 0.199 - 0.108 -

*Statistical significance: P<0.05, FBS: Fasting blood glucose, HbA1c: Glycosylated hemoglobin ,HDL-c: High
density lipoprotein cholesterol, LDL-c: Low density lipoprotein cholesterol, MDA: Malondialdehyde

Table 5. Pearson Correlations of trace elements and Mg in study patients with type 2 diabetes
mellitus and control subjects

Element Zn Cu Cr Ni Co Mg Mn Se V
Zn 1
Cu 0.168 1
Cr 0.084 0.078 1
Ni 0.035 0.332** 0.360** 1
Co -0.107 0.199 0.003 0.115 1
Mg 0.020 0.262* 0.024 0.182 -0.054 1
Mn -0.026 0.296* -0.024 0.182 0.057 -0.052 1
Se -0.089 0.091 0.150 -0.001 -0.047 -0.029 0.068 1
V -0.020 0.201 0.009 0.018 -0.104 0.250* -0.167 -0.026 1

** Correlation is highly significant at the 0.001 level, * Correlation is significant at the 0.05 level

Patients with T2DM often exhibit an atherogenic
lipid profile, which greatly increases their CVD
risk compared with non-diabetic subjects. The
lipid profile parameters in diabetic patients were
estimated, among their levels of LDL and
cholesterol in diabetic patients were markedly
higher (P<0.001) in comparison with their levels
in control group, (Fig. 2).  A high level of lipid per-
oxidation in type-2 and type 1 diabetic patients
was early reported [29].  The increased levels of

TBARS in diabetic patients may be due to
increase in oxidative stress as well as
compositional changes in LDL, which lead to
more exposure of fatty acids to oxygen free
radicals that enhance a faster rate of lipid per-
oxidation [30]. This was in parallel with present
observation as well as previous findings which
observed that oxidized LDL is thought to promote
atherogenesis by increased levels of secondary
lipid per-oxidation products [31]. In the current

*
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study, the level of lipid per-oxidation was higher
in the serum of subjects with T2DM as compared
to control group (Fig. 3), which was in
concurrence with other study [15]. It has been
stated that intensive oxidative stress may
accelerate the metabolic deterioration of β cells
in T2DM [32].  Excessive lipid per-oxidation has
been suggested to be a potential biochemical
lesion associated with the development of
diabetic angiopathy like retinopathy and
nephropathy [33].

As regards to the status of trace elements as well
as Mg obtained from this study showed that the
levels of Se and Zn, Co, Mg, Mn, V and Cr were
diminished in serum of T2DM (Table 3). The loss
of these minerals might be attributed to impaired
absorption and/or the excess excretion of these
minerals in urine (glycosuria) of these patients,
which may induce a deficiency of these metals in
diabetic patients.

Diabetic condition results in increased glomerular
filtration rate and it is suggested that such an
alteration in renal function may contribute to the
increased urinary losses of the trace elements.
Increased excretion of some trace elements as
Zn indicates an abnormality of production or
breakdown of metalloenzymes or metal-enzymes
complexes [3]. The results in this study indicate a
significant decrease in serum Zn level of diabetic
patients compared to the non-diabetic subjects
(Table 3) which may be related to loss of Zn in
urine [34]. This was in accordance with previous
finding [35,36]. In addition, the present results
indicated that serum zinc level in diabetic group
had no significant correlation with either FBS or
HbA1c, which was in parallel with a previous
study [37]. Also previous study has shown that
Zn plays a role as an antioxidant that could
protect insulin and cells from being attacked by
free radicals [38]. Therefore, there is an
association between many of diabetes
complications and the decrease in intracellular
Zn and Zn dependent antioxidant enzymes [39].
Hence, when fats are oxidized, they are believed
to become more reactive and damaging to the
vascular system [40]. These results are in
agreement with previous studies, which showed
that the levels of Zn and Mg were decreased in
the majority of cases of T2DM [41,42].

Table 3 showed a significant statistical
differences between diabetic group and non
diabetic group regarding to Cu concentration (P-
value= 0.000).  The higher concentration of Cu in
subjects with T2DM might be due to increase in

glycation, which will stimulate release of copper
from copper rich compounds such as
ceruloplasmin [15] and the impaired synthesis of
this transport protein. Therefore, the results
confirm that T2DM have impaired Cu metabolism
[41].

In this concern, results agree with some studies
and contradict with others as one study revealed
that the copper value in the diabetic patients was
insignificantly different from the control subjects
[42], while in another study reported that copper
concentration was significantly higher in T2DM
patients than non-diabetic subjects [15].
However, the third study found that copper
values of diabetics showed no significant
difference compared with controls [43].

The present work shows that a positive
significant correlation was found between Cu and
Ni (r=0.332), Cu and Mg (r=0.262) as well as Cu
and Mn (r= 0.296) in T2DM male group (Table
5). Earlier study showed a correlation between
Cu and Mg in type-2 subjects [32]. Increasing Cu
in T2DM subjects may enhance the lipid per-
oxidation; especially the oxidation of LDL-C
leading to increased TBARS in diabetic patients
as reported in the present study (Fig. 3).

Diabetes mellitus has been suggested to be the
most common metabolic disorder associated with
magnesium deficiency [44]. The mean serum Mg
level was higher in the control group than in the
diabetic group, where the P-value were
statistically significant (P<0.001) (Table 3). The
present result is in agreement with previous
studies in which Mg level was found to be
decreased in patients with diabetes compared
with control group [45].

In subjects with T2DM there was negative
correlation between serum Mg level and HbA1C
(r= -0.340), while a positive correlation was found
between Mg and V (r= 0.250), (Tables 4 and 5).
Moreover, a negative correlation was obtained
between Mg and MDA (r= -0.249) (Table 4). It
has been found that serum Mg levels are
correlated inversely with HbA1c [9].   Loss of Mg
in T2DM is often associated with both
extracellular and intracellular Mg depletion [46].
Epidemiologic studies have found high incidence
of hypomagnesaemia in subjects with T2DM,
especially in those with poorly controlled
glycemic control [46]. Moreover, Mg deficiency
has been proposed as a factor in the
pathogenesis of diabetes-related complications,
including neuropathy [47].
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The mean plasma Se content in T2DM diabetic
patients was lower (0.146±0.373 mg/L) than in
control subjects (0.185±0.215 mg/L) (Tables 3).
The correlation between plasma decreased
selenium level and metabolic risk factors for
cardiovascular disease appears to be positive
[48].

Mn is a cofactor of many enzymes including
mitochondrial superoxide dismutase [26]. Mn-
activated enzymes play important roles in the
metabolism of carbohydrates, amino acids, and
cholesterol [49]. There is evidence that Mn may
be involved in the pathogenesis of diabetes [50].
Mn has been also shown to be important in
insulin synthesis and secretion [26]. In our study,
serum Mn level of diabetic patients was lower
than the non diabetic subjects (Table 3). A
positive correlation was found between Mn and
Cu (r= 0.262) (Tables 4 and Table 5).

Diabetes has been shown to be associated with
abnormalities in the metabolism of chromium and
zinc, they play role in the progression of the
ailment.   Chromium is a cofactor in the action of
insulin [47,22]. There were significant differences
between serum Cr in male diabetic in
comparison with control subjects (P= 0.008)
(Table 3). Also, in diabetic group there were an
inverse correlation of [Cr] in serum and HbA1c,
(r= -0.250) (Table 4).

In diabetic group, the serum V contents were
remarkably diminished as compared to controls
(Tables 3). In addition, a positive correlation
between V and Mg (Table 5) was also observed.
Current results are in agreement with one study
which proposed that a decrease in V level may
be resulting from the glomerular hyperfiltration in
diabetes [51], contrary to other results which
reported an increase in V concentration in T2DM
subjects [52].  Despite the little impact of V on
human metabolism, it is believed that V
supplements could enhance hepatic and muscle
insulin sensitivity, reduces levels of fasting blood
sugar [53] and therefore it is well recommended
as treatment for type-2 diabetes [54]. The level of
Ni was higher in serum of T2DM subjects than
control groups (Table 3). That was in agreement
with previous study [55].

5. CONCLUSION

This study shows that the decrease in trace
elements and increasing in lipid per-oxidation
products appear to be an additional risk factor in
the pathogenesis of type-2 diabetes mellitus and

its complications. In addition, trace elements
could be used as markers to evaluate the
glycemic control and the lipid status of diabetic
patients. Although some of the present findings
show good agreement with previous findings of
other researchers in the same concern, more
work is required to clarify the effect of trace
elements metabolism on diabetes and vice
versa.

ACKNOWLEDGEMENTS

The authors are greatly indebted to Prof. Hussein
El-Saltani, for suggesting the problem and for his
keen interest in the progress of the work. Our
gratitude also goes to the head of chemistry
Department, Faculty of Science (University of
Tripoli), Prof. Mansour Makhlouf for his
consistent help and encouragement.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Mumayun M, Khalid A, Ali A, Ahmed S,
Javed A. To study levels of serum Cr, Cu,
Mg and Zn in patients with diabetes
mellitus type 2. Pak. J. Med. Health Sci.
2011;5:34-38.

2. Praveena S, Pasula S, Sameera K. Trace
elements in diabetes mellitus. J Clin Diagn
Res. 2013;7(9):1863-1865.

3. Iqbal Z, Zafar T, Iqbal K, Usman M, Bibi H.
Urinary excretion of trace elements in
diabetics and their relation with serum
insulin in mirpur. IJBPAS. 2013;2(2):288-
298.

4. Lobo C, Torres P, Fouque D, Mafra D. Zinc
deficiency in chronic kidney disease: Is
there a relationship with adipose tissue
and atherosclerosis, Biol. Trace Elem Res.
2010;135:16-21.

5. Silvera N, Rohan E. Trace elements and
cancer risk: a review of the epidemiologic
evidence. Cancer Causes Control. 2007;
18:7-27.

6. Cakmak I. Enrichment of fertiliser with zinc:
An excellent investment for humanity and
crop production in India. J. Trace Elem.
Med Biol. 2009;23:281-289.

7. Rasdi F, Bakar N, Mohamad S. A
comparative study of selected trace
element content in malay and chinese



Alghazeer et al.; JABB, 3(3): 90-100, 2015; Article no.JABB.2015.036

98

traditional herbal medicine (THM) using an
inductively coupled plasma-mass
spectrometer (ICP-MS). Int. J. Mol. Sci.
2013;14:3078-3093.

8. Pasha Q, Malik A, Iqbal J, Shabeen N,
Shah H. Screening of trace metals in the
plasma of breast cancer patients in
comparison with a healthy population.
Hum. Ecol. Risk. Assess 12:1016-1032,
pathogenesis of diabetic neuropathy.
Endocr. Rev.  2009;25:612-628.

9. Viktorinova A, Toserova E, Krizko M,
Durackova Z. Altered metabolism of Cu,
Zn and Mg is associated with increased
levels of glycated hemoglobin in patients
with diabetes mellitus. Metabolism Clin
Experimental. 2009;58(10):1477-1482.

10. Gowrishankar R, Sai K, Saravanan K,
Magudapathy P, Nair P, Divi S,
Venkataramaniah K. Deficiency of Iron,
Manganese, Chromium and Zinc in
diabetic patients of anantapur district of
andhra pradesh, India. Research &
Reviews: A J. Med. 2011;1(3):1–11.

11. Pasula S, Sabbani P, Modi P. Serum sialic
acid, lipid profile and fibrinogen as markers
of ST- elevated ECG in myocardial
infarction. Jour of Med Sc and Tech. 2012;
1(3):29-35.

12. American Diabetes Association. Diagnosis
and classification of diabetes mellitus.
Diabetes Care. 2010;33:S62.

13. Tesfaye S, Gill, G. Chronic diabetic
complications in Africa'. AFR J MED MED
SCI. 2011;19:4-8.

14. Bhatnagar R,  Tandon R, LP, Meena A,
Iqbal A, Bharti J. Bhandohal S,
Saravanan's A. Study the status of
oxidative stress markers and trace
elements related to the antioxidative
system in type 2 diabetes. Asian J Med
Res. 2013;2(1):24-26.

15. Mosaad A, Abou-Seif G, Abd-Allah Y.
Evaluation of some biochemical changes,
in diabetic patients. Clin. Chim. Acta.
2004;346:161–70.

16. World Medical Association.World Medical
Association Declaration of Helsinki: Ethical
principles for medical research involving
human subjects. JAMA. 2013;310:2191–
2194.

17. Bondar J, Mead C () Evaluation of glucose-
6-phosphate dehydrogenase from
Leuconostoc mesenteroides in the
hexokinase method for determining
glucose in serum. Clin. Chem. 1974;20:
586-590.

18. Naito K. Disorders of lipid metabolism. In:
Kaplan LA, Pesce J, eds. Clinical
Chemistry, theory, analysis, and
correlation. St. Louis: Mosby Company.
1984;550-593.

19. Stein A. Lipids, lipoproteins, and
apolipoproteins. In: Tietz NW, ed.
Fundamentals of Clinical Chemistry. 1987;
3:448-481.

20. Trinder P. Determination of glucose in
blood using glucose oxidase with an
alternative oxygen acceptor. Ann. Clin.
Biochem. 1969;6:24-27.

21. Sugiuchih H, Uji Y, Okabe H, Irie T. Direct
Measurement of high-density lipoprotein
cholesterol in serum with polyethylene
glycol modified enzymes and sulfated α-
cyclodextrin. Clin. Chem. 1995;41:717-
723.

22. Bachorik S. Measurement of Low-Density
Lipoprotein Cholesterol. In: Rifai N,
Warnick GR Dominiczak MH, eds.
Handbook of Lipoprotein testing. 2nd ed.
Washington, DC. AACC. Press. 2000;
12:245-263.

23. Goldstein E, Little R, Lorenz A, Malone I,
Nathan D, Peterson M. Tests of glycemia
in diabetes. Diabetes Care. 1995;18:896-
909.

24. Burtis A. Ashwood R. Tietz textbook of
clinical chemistry. 4th. WB. Saundesrs Co.
Philadelphia. 2006;235.

25. Bragg A, Xue L. Optimization of dry ashing
of whole blood samples for trace metal
analysis. Am. J. Anal. Chem. 2011;2: 979-
983.

26. El-Nabarawy K, Mohamed A, Ahmed M,
El-Arabi H. α-Lipoic acid therapy
modulates serum levels of some trace
elements and antioxidants in type 2
diabetic patients. Am. J. Pharm. & Toxicol.
2010;5(3):152-158.

27. Adewumi T, Njoku H, Saidu Y, Abubakar
K, Shehu A, Bilbis S. Serum Cr, Cu, and
Mn levels of diabetic subjects in Katsina,
Nigeria. Asian J Biochem. 2007;2:284-288.

28. Bozzetto L, Prinster A, Annuzzi G,
Costagliola L, Mangione A, Vitelli A,
Mazzarella R, Longobardo M, Mancini M,
Vigorito C, Riccardi G, Rivellese A. Liver
fat is reduced by an is energetic MUFA diet
in a controlled randomized study in type 2
diabetic patients. Diabetes Care. 2012;35:
1429-1435.

29. Griesmacher A, Kindhauser M, Andert E,
Schreiner W, Toma C, Knoebl P,
Pietschmann P, Prager R, Schnack C,



Alghazeer et al.; JABB, 3(3): 90-100, 2015; Article no.JABB.2015.036

99

Schernthaner G. Enhanced serum levels of
thiobarbituric-acid-reactive substances in
diabetes mellitus. Am. J. Med. 1995;98(5):
469-75.

30. Regnstrom J, Nilsson J, Tornvall P,
Landou C, Hamsten A. Susceptibility of
low-density lipoprotein oxidation and
coronary atherosclerosis in man. Lancet.
1992;339:1183–6.

31. Patrono C, FitzGerald GA. Isoprostanes:
Potential markers of oxidant stress in
atherothrombotic disease. Arterioscler.
Thromb. Vasc. Biol. 1997;17(11):2309–15.

32. Robertson P, Harmon J, Tran O, Poitout V.
Beta-cell glucose toxicity, lipotoxicity, and
chronic oxidative stress in type 2 diabetes.
Diabetes. 2004;53(1):119-24.

33. Nishigaki I, Hagihara M, Tsunekawa H,
Maseki M, Yagi P. Lipid peroxide levels of
serum lipoprotein fractions of diabetic
patients. Bio. Chem. Med. 1981;25:373-78.

34. Nsonwu C, Usoro O, Etukudo H, Ustoro N.
Impudence of age, gender and duration of
diabetes on serum and urine levels of zinc,
magnesium, selenium and chromiumintype
2 diabetics in Calabar, Nigeria. Turk J.
Biochem. 2006;31:107-114.

35. Zhao C, Wang H, Zhang J, Feng L.
Correlation of trace elements glucose and
body compositions in type 2 diabetcis. Wei.
Sheng Yan. Jiu. 2008;37(5):600-605.

36. Akhuemokhan I, Eregie A, Fasanmade O.
Trace mineral status and glycaemic control
in Nigerians with type 2 diabetes. Afri. J.
Med. 2010;20-22.

37. Jansen J, Karges W, Rink L. Zinc and
diabetes - clinical links and molecular
mechanisms. J. Nutr. Biochem. 2009;
20(6):399–417.

38. Sun Q, Willett W, Van Dam R, Hu F.
Prospective study of zinc intake and risk of
type 2 diabetes in women. Diabetes care.
2009;32:629-634.

39. Anderson A, Roussel M, Zouari N,
Mahjoub S, Matheau M, Kerkeni B. A.
Potential antioxidant effects of zinc and
chromium supplementation in people with
type 2 diabetes mellitus, J. Am. Coll Nutr.
2004;20(3):212-8.

40. Soinio M, Pyrola K. Serum zinc level and
coronary heart disease in patients with
type 2 diabetes. Diabetes Care. 2007;
30(3):523-528.

41. Quilliot D, Dousset B, Guerci B, Dubois F,
Drouin P, Ziegler O. Evidence that
diabetes mellitus favors impaired
metabolism of zinc, copper, and selenium

in chronic pancreatitis. Pancreas. 2001;
22(3):299-306.

42. Rusu ML, Marutoiu C, Rusu LD, Marutoiu
OF, Hotoleanu C, Poanta L. Testing of
magnesium, zinc and copper blood levels
in diabete mellitus patients. Acta
Universitatis Cibiniensis Seria F Chemia.
2005;8:61-63.

43. Prabodh S, Prakash S, Chowdary V, Desai
V, Sheklar R. Status of copper and
magnesium levels in diabetic nephropathy
cases: A case- control study from south
India. Biol Trace Elem Res. 2011;142(1):
29-35.

44. Bhardwaj A, Maheswar K, Singh J, Kumar
V. A study of magnesium supplementation
on fasting blood glucose in patients of
diabetes mellitus type-2. Ashutosh
Bhardwaj. IJPRBS. 2013;2(2):1-10.

45. Sales C, Pedrosa L. Magnesium and
diabetes mellitus: Their relation. Clin Nutr.
2006;25:554- 562.

46. Barbagallo M, Dominguez J. Magnesium
metabolism in type 2 diabetes mellitus,
metabolic syndrome and insulin
resistance. Arch. Biochem. Biophys.
2007;458:40-7.

47. Rondon L, Privat M, Daulhac L, Davin N,
Mazur A, Fialip J, Eschalier A. Magnesium
attenuates chronic hypersensitivity and
spinal cord NMDA receptor
phosphorylation in a rat model of diabetic
nephropathic pain. J. Phyhsiol. 2010;
588(21):4205-4215.

48. Laclaustra M, Navas-Acien A, Stranges S,
Ordovas M, Guallar E. Serum selenium
concentrations and diabetes in U.S. adults:
National Health and Nutrition Examination
Survey (NHANES) 2003-2004. Environ
Health Perspect. 2009;117:1409–1413.

49. Nicoloff G, Mutaftchiev K, Strashimirov D,
Petrova C. Serum manganese in children
with diabetes mellitus type 1. Diabetologia
Croatica. 2004;33:47-51.

50. Esfahani N, Faridbod F, Larijani B, Ganjali
R, Norouzi P. Trace element analysis of
hair, nail, serum and urine of diabetes
mellitus patients by ICP atomic emission
spectroscopy. Iranian J. Diab. Lip. Diso.
2011;10:1-9.

51. Quamme A. Renal handling of magnesium
In: Massary SH, editor. Text book of
Neuropathy. Baltimore: Lippincott Williams
and Wilkins. 2001;344-50.

52. Ekmekcioglu C, Prohaska C, Pomazal K,
Steffan I, Schernthaner G, Marktl W.



Alghazeer et al.; JABB, 3(3): 90-100, 2015; Article no.JABB.2015.036

100

Concentrations of seven trace elements in
different haematological matrices in
patients with type 2 diabetes as compared
to healthy controls. Biol. Trace Elem. Res.
2001;79:205-5.

53. Siddiqui R, Taha A, Moorthy K, Hussain E,
Basir F,  Baquer Z. Amelioration of altered
antioxidants status and membrane linked
functions by vanadium and Trigonella in
alloxan diabetic rat brains. Biosci. 2005;
30(4):101–108.

54. Boden G, Chen X, Ruiz J. Effects of
vanadyl sulfate on carbohydrate and lipid
metabolism in patients with non-insulin-
dependent diabetes mellitus. Metabolism.
1996;45:1130-1135.

55. Forte G, Bocca B, Peruzzu A, Tolu F,
Asara Y, Farace C, Oggiano R, Madeddu
R. Blood metals concentration in type 1
and type 2 diabetics. Biol. Trace Elem.
Res. 2013;156:1–12.

_________________________________________________________________________________
© 2015 Alghazeer et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=930&id=39&aid=8781


