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Abstract: Diabetes mellitus is a metabolic disease belongs to a group of disparate diseases clinically and genetically
characterized by increased blood sugar (hyperglycemia) as a result of defect in insulin metabolism. Glucose-6-Phosphate
Dehydrogenase (G6PD) (Oxidoreductase, EC 1.1.1.1-49) is one of the most important enzymes of the metabolite, the main
enzyme and the key to the Pentose phosphate path way. Unsuitable control of blood glucose decreases G6PD activity and
increases diabetes mellitus complications. the This study evaluated effect of Mediterranean mutation which causes decrease
G6PD activity on diabetes patients and evaluated the difference of G6PD activity among diabetic and non-diabetic patients,
and the impact of hyperglycemia on the G6PD activity and different in G6PD activity in six and age and relation between
Calcium and Magnesium with G6PD activity and Mediterranean mutation and found correlative coefficient(r) between G6PD
activity in Patient and Blood sugar, Calcium, Magnesium and G6PD activity in healthy people. Asixteen diabetic and non-
diabetic subjects were selected from patients 8 to 60 years old. Demographic data including gender, age, height, weight,
duration of diabetes mellitus, type and duration of treatment, medical history (especially fauvism) were recorded. Blood
pressure and body mass index were also measured. One blood sample was taken from each subject and 5 elements including
G6PD presence and activity, fasting plasma glucose, plasma Calcium, Magnesium and DNA was extraction from whole blood
and then amplified by polymerase chain reaction (PCR) and later subjected to digestion by restriction enzyme Mboll to create
restriction fragment length polymorphism (RFLP) to enable the detection of mutation that caused G6PD deficiency namely
Mediterranean (Med). G6PD activity was significantly higher in non-diabetic subjects (P<0.05). Within diabetics, G6PD mean
activity was significantly higher in non-group (P<0.05) and in subjects with BMI < 25 (P<0.05). G6PD mean activity was
significantly higher in non-diabetics than (P<0.01) and Ca, Mg diabetics patients (P<0.05) the Med-G6PD mutation in diabetes
patient was more in non-diabetes patient, (47) diabetes patient have Med-G6PD (78.3%) and (15) non diabetes have the
mutation (15%) and the G6PD activity was significantly higher with Med-G6PD mutation in in diabetes patient (P<0.05) and
non-significantly higher with non-diabetes patient. 7he Med-G6PD mutation can be used as molecular marker to diagnosis
diabetes, Diabetic hyperglycemia may lead to serious complications and decrease G6PD activity. This issue itself aggravates
diabetic injury due to inappropriate anti oxidation process. Simultaneous dyslipidemia and obesity may intensify the effect of
hyperglycemia and oxidative stress.
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in insulin metabolism [1]. When you don't control the
increase blood hyperglycemia diabetes properly, it causes
long term damage and imbalances in the different organs of
the body and especially the eyes, kidneys, nerves, heart, and
blood, diabetes link creates several genetic and

1. Introduction

Diabetes mellitus is a metabolic disease belongs to a group
of disparate diseases clinically and genetically characterized
by increased blood sugar hyperglycemia as a result of defect



Advances in Biochemistry 2021; 9(3): 82-89 83

environmental factors simultaneously [2]. Insulin resistance
and lack of insulin secretion are the hallmarks of
pathophysiology of diabetes [3].

Glucose-6-Phosphate Dehydrogenase (Oxidoreductase,
EC 1.1.1.1-49) is one of the most important enzymes of
the metabolite, the main enzyme and the key to the
Pentose phosphate path way. It stimulates the process of
oxidation of the glucose-6-phosphate (G-6-P) (NADP +)
to save the life-producing pathways of many important
substances, particularly in red blood cells because they
have no other source of NADPH. NADPH produced by
the enzyme G6PD has a role Supplemented with the
enzyme glutathione peroxidase, which leads to the
reduction of oxidative glutatathione (GSSG) and its
transformation (GSH), which protects human red blood
cells from partial destruction [4, 36].

Most of the isoenzyme is produced by replacing one amino
acid with another in a chain sequenced by mutations. In three
analogues of G6PD: A, G6PD: Mountsinai and G6PD:
Santamaria, (G6PD: A) [5, 37]. In a study carried out by a
number of researchers, three amino acids were recorded in

the peer (G6PD: Vancouver), and in another study that was
recorded Amino acid is eliminated in a chain sequenced in
the enzyme molecule and produced analog (G6PD:
Sunderland) which rarely occurs, and in another study the
researchers recorded the abolition of eight Amino acids in
one of the isotopes to produce analogues (G6PD: Nara [6,
38]. These studies have shown that enzymatic dysfunction is
occurring in the enzyme gene [7, 39].

A large number of isoenzyme and enzymatic variables have
been described by biochemical properties and have been
identified without genetic mutations. However, other
isoenzyme cannot be diagnosed without relying on genetic
mutations. To the high accuracy of the diagnosis based on
genetic mutations of the isoenzyme determined by the
biochemical properties that the mutations give more accurate
results [7]. Med-G6PD is one of the most important and
common mutations of the enzyme. The mutation produces
cytosine (C) to thymine (T) in nucleotide (563) in exon [6, 39,
40]. Med-G6PD induced the substitution of phenylalanine
amino acid instead of serine on site as in figure 1.
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Figure 1. Position of G6PD gene in chromosome X in position 28.

Because of the importance of the enzyme and the presence
of mutations in the Mediterranean basin, Iraq this study
carried out to estimate the biochemical and genetic variables
in diabetes patients.

2. Experimental

Biochemical tests: The samples were collected (60)
samples of patients 40 male and 20 female, (60) samples of
the control group 39 male and 21 female at Salah-Alden,
General Hospital in Tikrit for the period from 1/9/2016 to
12/1/2017. Age of the participants was between 8 to 69 years.
Ten-milliliter disposable plastic syringes were used to draw
venous blood from each patient and control and then the
samples were left for 20-30 minutes at 37°C. The serum was

used for the analysis after separation by centrifugation in
vitro. In the present study, cholesterol, triglyceride, HDL-
cholesterol, GO6PDH, Mg, Ca and Alb. were estimated using
cholesterol, triglyceride, HDL-cholesterol, G6PDH, Mg, Ca
and Alb. kits form biolabo company (France) Colorimetric
method. PCR pre Mix (Bioneer-Korea).

3. Molecular Study

DNA was extracted from the blood tissue using Saremi
etal method, [8]. DNA concentration was measured by nano
drop 2000 in the unit (ng /pul) and purity, to confirm the step
extracted DNA was run on 1% agrose gel.

Lyophilized Primers were re-dissolved with distilled water
to be 10 Pmol/uL. table 1.

Table 1. PCR in the G6PD Interaction Primers Used to Detect Gene.

Primer Primer sequences Length (pb) Final concentration Temp (°C) TA (°C)
G6PD-6-F 5'...CCCCGAAGAGGAATTCAAGGGGGT...3’ 24 10 Pmol/pLL 60.8 58
G6PD-6-R 5'... GAAGAGTAGCCCTCGAGGGTGACT...3' 24 10 Pmol/uL 60.8 58
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A mix preparation reaction where PreMix is ready for use,
the final volume is completed to 20 pL by distilled water.
The reaction components were:

Table 2. PCR components.

Concentration Volume Species

20 -25 ng/ pL 2 uL DNA Template
5 Pico mole 1 Micro liter F- primer

5 Pico mole 1 Micro liter R- Primer

- 2 Micro liter Premix

Micro liter 14 Distill water

Samples were placed in the device after they were taught and
the program adopted by the researchers (Al-Tu'ma. F (Jawad
and William M) was activated in the system as follows [9]:

Table 3. PCR programmer.

Type ,Of e S Temperature °C Time min Number of cycles
reaction

First Denaturation 94 5 1

Denaturation 94 1

Annealing 58 1 35

Extension 72 1

Final Extension 72 5 1

Use the Mboll to cut the PCR product to detect the
Mediterranean mutation in the G6PD gene, according to the
Al-Jumaily Essam F. and Al-Temmemy Rana. A method
[10]. Table 4 shows the enzyme designation used in this
study and its source:

Table 4. Source of the Mboll enzyme and its location and its source.

Name of bacteria of enzyme Position of cut Enzyme

5'... GAAGA* ...3°
3" ...CTTCT*...5

Moraxella bovic ATCC10900 Mboll

The specificity of the enzyme is exploited with the PCR
product to accurately detect a genetic mutation in patients
with PCR-RFLP [11]. This was applied in this part of the
study. Genetic mutations were detected at sites C563T and
C563A for G6PD gene in diabetic patients The steps were
carried out as follows: - 10Unit of the enzyme was added to 5
ul of the PCR reaction product and the result was incubated
for 4 hours, a period of incubation for partial digestion or
(18) hours of incubation period. (2.5%) w\v, and the result
was recorded with an E-Graph device.

4. Result and Discussion

Table 5 show G6PD activity, levels of Ca, Mg, cholesterol,
HDL-C, VLDL-C, LDL-C, TG, Total protein, Albumin and
Globulin in the group of diabetic patients (type I and type II)
compared to control group. The results showed a significant
decrease in the probability level (P<0.05) in the rate of
efficacy of G6PD in females of the age groups 8-45 years,
45-69 years in patients with type I and II diabetes compared
to the control group, and the results showed no significant
decrease Probability level (P<0.05) in the rate of efficacy of
GO6PD in females in the age group (45-8) in patients with

typel diabetes compared with patients of type 2 for the same
age group and for the age group (69-45) (P<0.05) at the
G6PD efficacy rate in females, The results showed no
significant decrease in the level of probability (P<0.05) in the
rate of efficacy of G6PD in females aged 8 to 45 years in
patients with type 1 diabetes (10.218 + 0.578) compared to
the age group 46-69 years. (9.052 + 1.176), as well as the no
significant difference in G6PD efficacy rate at the probability
level (P<0.05) for male patients of type I and II and control
group when comparing the age group 8 to 45 years and the
age group 46-69 years. This result agrees with the researchers
Cappai G, et. al. [12], and Nkhoma ET, et. al. [13], who
found no significant difference in the activity of G6PD in
different age groups. Statistical analysis showed a very low
significant increase in the rate of enzyme activity for older
persons compared to the rest due to the genetic deficiency
caused by genetic mutations.

The results showed a significant decrease in the probability
level (P <0.01) in the calcium levels of patients of type II
diabetics compared with the control group. This result agrees
with a study researcher Rieyadh. et. al, [14] Ameerah M. et. al.
[15], Crawford. A et. Al [16], Hamad NA, et. al.,, [17]. The
results showed that there was no significant decrease in the level
of calcium for type 2 diabetics compared to others. A study by
Levy J, et. al. [18], confirmed that the balance of calcium level
in the body is necessary for the work of the secretion of Insulin
from beta cells to the at high level of glucose in the blood. The
results agree with the study by AL-Sammraie Abdilkarim J.
Yehia [19] and Fogh-Andersen N, et. al. [20] found a significant
decreased in calcium levels for typel patients. The reason for the
low level of calcium in typel diabetic patients compared to type
2 patients was due to the increased calcium salts and the
decrease in thyroid activity in typel patients Compared to
patients with type II. the results showed a significant decrease in
magnesium concentration of patients compared with Control
group, and this agrees with the researchers Fang Linyan, LI
Xueping [21], and Sung, CC, Liao, et. al. [22] showed that there
was significant decrease in the level of magnesium with
diabetes. The decrease in magnesium levels in some patients is
due to the nature of the food or to an increase in the amount of
magnesium produced by the kidney due to dysfunction in
diabetes.

There was a significant increase in the concentration of
cholesterol, TG, VLDL-C and LDL at the probability level
(P<0.001) in the serum patients with type 1 diabetes and type
II and a significant difference in the concentration of
cholesterol at the probability level (P<0.05) when comparing
between type I and II diabetics. High significant decrease of
high-density lipoprotein (HDL) for typel and type patients
compared to control group because diabetes leads to decline
metabolism of carbohydrates leads to imbalance in fat
metabolism in the body leading to a decrease in the level of
high-density lipoproteins [23, 41].

A decrease was not significant at the level of probability
(P<0.01) in total protein concentration of patients of both sexes
compared with the control group because of a defect in kidney
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function leads to crash proteins and decay This leads to a high
concentration of urea in the body. This result agrees with the
study by researcher Salim J. Khalaf [24] and Nanda, R et al. [25]
who found that was not significant at the level of probability
(P<0.01) in total protein concentration of patients of both sexes
compared with the control group because of a defect in kidney
function leads to crash proteins and decay This leads to a high

concentration of urea in the body. Statistical analysis of the
current results showed a significant decrease in the level of
probability (P<0.01) in the level of albumin for patients with
diabetes type I compared with the control group, while there
is a decrease significantly for patients with type II compared
with the control group. This result agrees with (Ou HY, et al)
and (Amal R. Farahan and Walla E. Jassem) [26, 27].

Table 5. G6PD activity in the group of diabetic patients compared to control group by sex and age.

Control Mean+SD Diabetes type I Mean+SD Diabetes type II Mean+SD

Male Female Male Female Male Female
G6PD activity (IU/gHb)
Age (8-45 yrs 13.8+0.54 12.857+0.25 9.750+0.90 10.218+0.57 9.610+0.11 9.760+0.54
Age 46-69 yrs 14.010+0.12 13.11040.15 10.977+0.86 9.052+1.17 9.458+0.40 10.497+0.83
Calcium (mg\dl) 8.92+1.66 9.558+0.30 7.524+0.67 7.524+0.67 8.917+0.294 9.653+0.58
Magnesium (mg\dl) 1.79+0.19 1.850+0.037 1.80+0.032 1.877+0.046 1.79+0.03 1.725+0.038
Cholestrol (mg/dl) 125.949+5.1 127.61+6.00 180+12.54 175.81+9.44 192.93+7.586 176.00+12.23
HDL-C (mg/dl) 59.25+1.48 41.09+1.949 42.83+£3.51 36.10+3.13 36.93+1.63 37.66+3.56
VLDL (mg/dl) 21.57+1.57 46.64+2.79 49.36+6.54 46.64+2.79 53.34+1.61 51.30+3.95
LDL (mg/dl) 115.11+£5.96 102.23+6.98 183.80+5.87 152.36+18.86 177.65+8.33 175.03+12.43
TG (mg/dl) 107.89+7.86 121.42+8.99 186.83+3.21 183.20+13.9 171.71+8.06 196.50+19.7
Total Protein (mg/dl) 7.06+0.17 7.36+0.23 6.11+0.46 7.17+0.0.32 7.09+0.18 6.35+0.35
Albumin (mg/dl) 4.26+0.15 4.00+0.16 4.47+0.37 4.66+0.24 4.58+0.16 4.48+0.39
Globulin (g/dl) 7.06+0.17 7.36+23 6.11+0.46 7.17+0.32 7.09+0.18 6.35+0.35

Correlative between the enzyme G6PD and a number of
clinical variables in patients with type I and II diabetes and

control groups:

To find the relationship between the G6PD and a number
of clinical variables in patients with type I, II diabetes and

control groups, correlative coefficient (r) was found.

Figure 2. Correlation between G6PD and calcium concentration.

Figure 3. Correlation between G6PD and Control concentration.

Figure 4. Correlation between G6PD and Magnesium concentration.

Figure 1 shows There is a linear correlation between the
decline in the G6PD activity in patients with diabetes type I
and II patients, and its activity in the control group, as the
value of the correlation coefficient between them (-0.375).
This result agrees with the Pinna Antonio et, al. who found
low enzyme activity in diabetics compared to control group
due to low level of antioxidants for diabetic patients because
of metabolic disorder caused by disease [28]. The absence of
a linear correlation between low enzyme activity in patients
with diabetes type I, II, and the level of concentration of
calcium and magnesium, as the value of their correlation
coefficient (0.028) and (0.044) respectively. The absence of a
linear correlation between low enzyme activity in patients
with diabetes type I, IT and cholesterol, HDL, LDL, VLDL,
TG and Albumin levels. The value of their correlation
coefficient (0.088), (0.1), (0.042), (0.083), (0.083) and (-
0.099) respectively. linear correlation between low enzyme
activity in patients with diabetes type I, II, and the level of
concentration of Total protein and Globulin the correlation
coefficient was 0.361and 0.295 respectively.
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Figure 9. Correlation between G6PD and TG tration.
Figure 5. Correlation between G6PD and Cholesterol concentration. & orretation between an concentration

Figure 6. Correlation between G6PD and HDL concentration.

Figure 10. Correlation between G6PD and Total protein concentration.

Figure 7. Correlation between G6PD and LDL concentration.

Figure 11. Correlation between G6PD and Albumin concentration.

Figure 8. Correlation between G6PD and VLDL concentration.
Figure 12. Correlation between G6PD and Total Globulin concentration.
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DNA was obtained from 138 samples were 68 & 70
patients and healthy respectively (Figure 13).

T —— ——— ———— — — —

Figure 13. a- The genomic DNA on 0.8% agarose gel, where the upper row
represents the patients and the lower row control group. b- PCR product of
patient on 2% agarose, where the main band of the molecular weight
(bp583) representing the gene G6PD. c- PCR product of the control samples
on the 2%Agrose gel. The main band shows the molecular size (bp583)
representing the gene G6PD.

The results of C563T primer showed the presence of Mboll,
which targeted the G6PD gene sequence, which encodes
G6PDH. The results were same molecular weight bands as
shown as in Figures 13 and 14. The resulting bands were shown
in 60 patients and 60 control group, And those that have not
been shown may not be due to decreased DNA purity or
concentration, and may be caused by an increase or decrease in
the concentration of the primer used or the presence of another
mutation at the amplified fragment, which affects initial fusion
or For manual error in addition to the primer.

5. Conclusion

The RFLP- PCR technique is capable to detect any
heterogeneity on the DNA molecule, even though this
variation is at the level of a single nitrogen base. Accordingly
the mutations can be identified [29].

After the PCR products were digested with restriction
enzyme, the optimal concentration of the enzyme was 10
units. The PCR products was then carried out after cutting
onto the 2.5% agarose gel. The Mediterrancan mutation
bands were (379, 24, 60, 120), and the specimens carrying
the Mediterranean mutation (24, 60, 103, 120, 276), as in
Figures 13 and 14.

Figure 14. a- The gel electrophoresis of the PCR product of the patient
samples. The Mbo II, which represents the Mediterranean mutation, appears
in samples 1-6 with molecular weight 60, 103 and 120, 276bp. Sample 7 is
Representing the natural sample and its molecular weight (60, 120, 379 bp,
and M)) represents the 100bp DNA Ladder. b- represents the products of
PCR-RFLP control group M: representing 100bp DNA Ladder Samples (1,
2, 15, 17, 18) represent the Mediterranean mutation. Samples (3-14, 16)
represent the natural pattern.

The relationship of the Mediterranean mutation to diabetes:

The results obtained in Tables (6 and 7) showed that the
individuals who carried the mutation were 78.3%, compared
to the healthy ones who carried the mutation, which was
15%. There is a significant difference in the probability level
(P<0.05) (21.6%). There was no significant difference at the
probability level (P<0.05) with the control group, and the
control group with the mutation showed that the mutation rate
in patients was higher than the control group. When comparing
the group of patients with the mutation and those without the
mutation, there was a significant decrease (P<0.05) among
patients with mutation of non-mutation patients. This is
because the lack of enzyme efficacy in patients and healthy is
due to the mutation in the enzyme gene and is often the
Mediterranean mutation. This is consistent with the study of
Al-Tu'ma. et al [9] The percentage of people with jaundice
who have a deficiency in the effectiveness of the enzyme is the
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Mediterranean mutation (75-94%) in five governorates of
central and southern Iraq. another study by Oppenheim, A., et
al. [30], and Al-Temmemy, et al, [10] who found the
proportion of Iraqi samples infected with anemic deficiency
that carries the Mediterranean mutation is (95.8%) of the total
number of people with anemia. Study in Iraqi Kurdistan by Al-
Allawi et al [31] found that the Mediterranean mutation is
predominant over the rest of the mutations in the region. As
well as the same researchers proved at the level of the city of
Baghdad [32].

As well as a study in western Iran in which Rahimi Z,
Vaisi-Raygani A, Nagel R, et al, [33] found that the
percentage of enzymatic deficiency resulting from the
Mediterranean mutation was 91.2%, an extension of previous
studies in northern and southern Iran. The common mutation
is the Mediterranean. In a study by Saleh Ahmed Bin Amro,
et al [34] the Mediterranean mutation is common in the
UAE. The Mediterranean mutation is common in the Middle
East this result found by Kurdi-Haidar, et a/ [35], and the
correlation between the Mediterranean mutation and the high
of glucose (P<0.05), in patients compared to the group of
patients who do not bear mutation indicating that the effect of
the mutation at the level of sugar in patients and therefore
there is a link between people who carry the mutation and the
aggravation of diabetes may be linked between the mutation
and the effectiveness of insulin, and this should be discussed
in the future. Thus, there appears to be a correlation between
the Mediterranean mutation on site T563C in the G6PD gene
and the low levels of G6PDH in the blood for diabetics and
therefore there is a direct or indirect effect of the
Mediterranean mutation on diabetics. Tables 6 and 7 showed
no significant effect at the level of probability (P<0.05) of the
mutation at the level of other biochemical variables were
measured.

Table 6. Relationship between G6PD gene mutation and G6PD enzyme
levels for diabetic patients.

Mutant allele Normal allele Type of allele for patient

47 13 Number from 60

78.3 21.6 Percentages (%)
**8.59+1.72 12.24+0.705 G6PD activity (Ul/g Hb)
**.7.05 0.0001%** t-test P value
1.8+0.174 1.84+0.238 Con of Mg (mg\dl)
0.523 0.83 t-test P value
8.83+1.95 8.49+1.85 Con of Ca (mg\dl)

-1.97 0.052 t-test P value
272+74.1 181+16.3 Con of glucose (mg\dl)

Table 7. Relationship between the Mediterranean mutation of G6PD gene
and G6PD enzyme levels of the control group.

Normal allele  Mutant allele  Type of allele for patient

51 9 sample 60Number of

85 15 Percentage (%)

14.2+1.77 13.5+1.14 G6PD activity (UI\G Hb)

1.41 0.16 t-test P value
1.8140.182 1.78+0.131 Con of Mg (mg\dl)

0.787 0.43 t-test P value
9.49 +£1.36 8.38+1.49 Con of Ca (mg\dl)

0.135 0.89 t-test P value
79+16.1 89+19.7 Con of glucose (mg\dl)
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