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Diabetes mellitus is a clinical syndrome characterized by a high 
level of glucose in the blood resulting from a defect in insulin 
secretion or insulin action or both, which causes an imbalance 
of glucose utilization in tissues and glucose release by the liver . 
A biochemical study was conducted to assess the level of 
adrenomedullin and some biochemical variables had 140 blood 
samples for men, including four groups per group 35 samples, 
(G1) group 2 DM, (G2) 2 DM with hypertension, DM(G3)2 with 
renal failure and the control group. Their ages range between 
30-70 years. Patient samples were collected from Samarra 
General Hospital and outpatient clinics between 20/12/2020 to 
20/4/2021. The current study approached the evaluation of the 
concentration of adrenomedullin, ferritin, glucose, urea, 
creatinine, glutathione and malondialdehyde, Hba1c . The 
results showed a significant increase (P≤0.05) in the level of 
adrenomedullin in G1, with a decrease in G2 and G3 compared 
with the control group, and the level of ferritin increased 
significantly in G1, G2 and G3 compared with the control group, 
while the results indicated a significant decrease in the level of 
GSH in G1, G2, and G3 compared with the control group. The 
level of MDA significantly increased in G1, G2 and G3 compared 
with the control group. Further, the level of glucose significantly 
increased in G1, G2 and G3 compared with the control group, 
and the concentration of Hba1c increased significantly in G1 
and G2, while G3 did not show any significant differences 
compared with the control group. The level of urea increased 
significantly in G2 and G3, while G1 did not show any significant 
differences compared with the group. And creatinine level 
increased significantly in G3, while G1 and G2 did not show any 
significant differences in comparison to the control group . From 
the current study, we concluded that diabetes, hypertension, 
and kidney disease had a clear effect on biochemical parameters 
and increased oxidative stress. 
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Introduction 

Diabetes is characterized by hyperglycemia, 

which results from a defect in insulin secretion 

or its resistance. Diabetes causes retinopathy, 

neuropathy, nephropathy, and 

atherosclerosis. These complications are the 

results of prolonged hyperglycemia [1]. Type 

2 non-insulin dependent diabetes mellitus 

(NIDDM) is the most common and mildest 

type of diabetes, involving 90% of people with 
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diabetes worldwide. It usually appears after 

the age of 40, which is why it is called adult 

diabetes [2]. It emerges as the cells of the body 

become less responsive to the action of 

insulin, and the muscles and fat tissues are 

unable to use insulin appropriately, or 

sometimes the pancreas does not produce 

enough insulin for the body’s needs, so this 

type of disease is characterized by the 

presence of insulin accompanied by a defect, 

either with a deficiency of its secretion from 

the pancreas or a defect in its receptors, which 

leads to an uncontrolled glucose level in the 

blood [1,2]. 

Adrenomedullin (ADM) is a peptide 

hormone consisting of 52 amino acids 

belonging to the peptide family of the 

calcitonin gene related peptide (CGRP) [3]. It 

was first detected in human 

pheochromocytoma tissue by Kitamura in 

1993 by monitoring elevated cyclic adenosine 

monophosphate (cAMP) in human platelets 

[4]. ADM is synthesized both from the atria 

and ventricles of the heart and blood vessels. 

It is actively synthesized and secreted by 

vascular and endothelial smooth muscle cells 

[5]. Besides, the hormone is synthesized in the 

lung [6] and brain as well as in the islets of the 

pancreas [7]. Plasma ADM level in healthy 

subjects is low and its level changes to 

compensate for the vasoconstrictor effects. 

The increase in the ADM level in plasma 

correlates with the diseases’ state severity. 

For example, an elevated plasma ADM level 

has been associated with heart failure, 

hypertension, atherosclerosis, and diabetes 

[8]. ADM inhibits insulin secretion after oral 

administration of glucose. Therefore, it is 

expected to contribute to diabetes mellitus 

(DM) and even lead to the development of 

diabetes complications [9]. There has been 

progress in understanding the relationship 

between adrenomedullin and diabetes.  

The plasma level of the hormone is 

elevated in patients with poorly controlled 

diabetes, indicating a direct effect of glucose 

on hormone secretion [8,9]. 

Oxidation contributes to the occurrence of 

many diseases such as high blood pressure, 

Alzheimer’s disease, Parkinson’s disease 

[10,11], autoimmune disorders [12] and 

cancer [13]. Hyperglycemia promotes 

oxidative stress through the production of free 

radicals and the elimination of antioxidants 

[14], as in cases of chronic hyperglycemia, the 

reactive oxygen species (ROS) production is 

permanent, and therefore it acts to remove 

enzymatic and non-enzymatic antioxidants 

from various tissues [15].  

Malondialdehyde (MDA) is one of the end 

products of the oxidation process of 

unsaturated fatty acids (lipid peroxidation), 

and consists of three carbon atoms with two 

aldehyde groups [16], it is one of the 

indicators used to know the presence of the 

oxidation process within the tissues of the 

body [17]. Glutathione (GSH) (γ-glutamyl-

cysteinylglycine) is a major intracellular 

antioxidant that plays a key role in reducing 

the effects of oxidative stress and thus 

inhibiting ROS, resulting in the repair of 

damaged cells’ [18]. 

Ferritin (FRT) is a globular protein 

complex consisting of 24 Subunit (subunit) as 

these units represent the cells of the protein 

iron essential in both prokaryotes and 

eukaryotes and keep iron in a soluble and non-

toxic form [19]. Iron is found in greater 

proportion in the bone marrow, liver and 

spleen [20]. FRT stores are positively 

associated with the development of glucose 

intolerance, and type 2 diabetes [21]. The aim 

of this study was to evaluate adrenomedullin, 

ferritin with some biochemical parameters in 

patients. 

Material and method 

Sample collection and study design: Group 1 

(G1) involves 35 samples for type 2 diabetes 

patients; group 2 (G2) involves 35 samples for 

type 2 diabetes with high blood pressure; 

group 3 (G3) involves 35 samples for patients 

with type 2 diabetes with renal insufficiency 
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and 35 samples for the healthy individuals as 

control group. Their age ranged from 30-70 

year. Patients samples were collected from 

Samarra General Hospital and outpatient 

clinics, as well as Tikrit Hospital from the 

period between 20/12/2020 to 20/4/2021. 

Blood collection 

After 10 hours of fasting, the blood was drawn 

and left at room temperature for coagulation 

and for 10 min., the serum was expelled at 

4000 x g and the separated sera were frozen at 

-20 °C for future biochemical analysis. 

Biochemical parameters analyses 

Adrenomedullin concentration was measured 

by Enzyme Linked Immune-Sorbent Assay 

(ELISA) method, the ELISA kit provided by 

Melsin Medical, China. Ferritin’s concentration 

was determined by ELISA, provided by 

Monobind Inc-USA, Glycated hemoglobin 

(HbA1c) from Stan Bio America company. 

Blood sugar, urea, creatinine levels were 

determined according to enzymatic method 

using the colorimetric method according to 

the kit procedure provided by Bio Maghreb. 

Statistical analysis 

Applying the SPSS statistical program, 

Duncan's multinomial test was used to 

compare the chemical variables between four 

groups at the level of probability (P ≤ 0.05). 

Results and discussion 

The present study delved into the 
determination of the levels of ADM, FRT, GSH 
and MDA in the serum of patients in four 
groups. The results obtained from this study 
are summarized in Table 1.

TABLE 1 Mean ± SD of ADM, FRT, GSH and MDA in four groups under investigation 

Groups 
ADM 

pg/ml 

FRT 

ng/ml 

GSH 

mmol/L 

MDA 

mmol/L 

Control 161.379±21.758 

b 

50.187±12.918 

b 

10.345±1.135 

a 

6.795±1.566 

c 

G1 182.508±13.034 

a 

123.867±31.446 

a 

7.101±1.077 

d 

16.811±4.054 

a 

G2 53.308±13.034 

c 

119.975±29.427 

a 

8.768±0.695 

c 

13.375±2.247 

b 

G3 35.775±15.981 

d 

114.191±26.206 

a 

9.236±0.583 

b 

15.396±4.021 

a 
 

Different letters indicate statistically significant differences, while similar letters do not have statistically significant 
differences.

Adrenomedullin level 

Table 1 shows the mean ± SD of AMD level 

(182.508±13.034) pg/mL in G1, 

(53.308±13.034) pg/mL in G2, 

(35.775±15.981) pg/mL in G3 and 

(161.379±21.758) pg/ml in the control group. 

The results indicated that the level of AMD in 

the blood significantly increased (P≤0.05) in 

G1, while it decreased in G2 and G3 compared 

with the control group, as seen in Figure 1.  

 
FIGURE 1 Concentration of AMD in groups 

The level of ADM significantly increased in 
the group of diabetes patients (G1), which is in 

agreement with the Nakamura’s study 
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reporting that the level of the hormone in 

plasma was elevated in type 2 diabetes, but it 
is not related to the level of glucose in the 
blood circulation [22]. 

As the level of the hormone in healthy 

individuals is low, its level changes to 

compensate for the vasoconstrictor effects. An 

increased level of ADM in plasma correlates 

with the severity of the disease states. 

Elevated plasma ADM levels cause heart 

failure, hypertension, atherosclerosis, and 

diabetes [23], and ADM plasma levels in type 2 

diabetes patients are associated with a 

broader set of complications. The elevation 

may be attributed to acute hyperinsulinemia, 

oxidative stress and endothelial damage, 

which increase ADM production from 

pancreatic islets and vascular endothelium. 

This elevation may represent an etiological 

factor that leads to disease onset and insulin 

resistance [24]. 

ADM also inhibits insulin secretion after 

oral administration of glucose; therefore, it 

can be expected that ADM contributes to 

diabetes and even leads to the development of 

complications of diabetes [25]. As the cells of 

the body become less responsive to the action 

of insulin and the muscles are unable to use 

insulin appropriately, or the pancreas 

sometimes does not produce enough insulin 

for the body’s need, this type of disease is 

characterized by the presence of insulin 

accompanied by a defect, either due to a lack 

of pancreatic secretion or a defect in its 

receptors, which leads to not controlling the 

level of glucose in the blood. There has been 

progress in understanding the relationship 

between ADM and diabetes. The plasma level 

of the hormone is elevated in patients with 

poorly controlled diabetes in normal subjects, 

indicating a direct effect of glucose on 

hormone secretion [26]. 

The level of the hormone decreased in 

groups G2 and G3 and this is contrary to a 

study that found a positive association 

between the level of ADM in plasma and 

average blood pressure. Previous research has 

also shown an increase in plasma ADM level in 

patients with hypertension and chronic renal 

failure, especially an elevated plasma ADM 

level, a 3-fold increase associated with renal 

failure. Elevation in ADM may help prevent 

increased blood pressure and body fluid 

retention and represents a compensatory 

mechanism for diabetes complications [27]. 

Ferritin level 

Table 1 shows the mean ± SD of FRT level 

(123.867±31.446) ng/ml in G1, 

(119.975±29.427) ng/ml in G2, 

(114.191±26.206) ng/ml in G3 and 

(50.187±12.9) ng/ml in the control group.  

The results indicated that the level of FRT 

in the blood increased significantly (P≤0.05) in 

G1, G2 and G3 compared with the control 

group, while there were no significant 

differences between the groups G1, G2 and G3, 

as seen in Figure 2. 

 
FIGURE 2 concentration of FRT in groups 

The concentration of FRT significantly 

increased in all groups, where it increased 

significantly in G1 compared with the healthy 

group and in agreement with the results of 

Sumesh et al. [28], proving the existence of a 

relationship between FRT and type 2 diabetes, 

on which many studies indicate that the iron 

content plays a role in causing type 2 diabetes, 

as iron is a strong oxidizing factor, and high 

iron content is accompanied by an increase in 

the level of oxidizing factors that may raise the 

risk of type 2 diabetes. There are several 

epidemiological studies that give a positive 

report on the relationship between increased 

iron storage, which represents ferritin, and an 
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increased risk of type 2 diabetes [29]. 

Recently, an association has been made 

between iron excess through iron-containing 

foods, such as red meat, and increased iron 

stores, and the development of diabetes, and it 

is suggested that there is a link between iron 

excess and improved insulin resistance and 

secretion [30,31]. 

GSH level 

Table 1 shows the mean ± SD of GSH level 

(7.101±1.077) mmol/L in G1, (8.768±0.695) 

mmol/L in G2, (9.236±0.583) mmol/L in G3 

and (10.345±1.135) mmol/L in the control 

group. The results displayed that the GSH level 

in the blood significantly decreased (P≤0.05) 

in G1, G2 and G3 compared to the control 

group, as seen in Figure 3. 

 
FIGURE 3 Concentration of GSH in groups 

The results indicated that the level of GSH 

significantly decreased in all groups, as the 

results showed that patients with type 2 

diabetes had lower concentrations of GSH in 

plasma and higher concentrations for non-

diabetics or the control group. So, our study is 

similar to other studies [32,33], 

demonstrating GSH deficiency in type 2 

diabetes. However, we also observed that GSH 

concentrations and synthesis rates were 

lower in diabetic patients with known 

microvascular complications compared with 

the data from the control group showing that 

rates of GSH synthesis and possibly increased 

permanent use of GSH contribute to its lower 

concentration in type 2 diabetes. Chronic 

hyperglycemia also leads to the development 

of microvascular complications [34], and 

increases the risk of vascular disease [35]. 

Cellular damage from hyperglycemia leads to 

oxidative stress, i.e., increased superoxide 

production through a number of mechanisms 

including increased formation of advanced 

glycation end products, polyol pathway 

activity, hexosamine activity, and protein 

kinase C activation [34,36]. Intensive glycemic 

control reduces the incidence of 

microvascular complications [34]. Since 

lowering blood glucose reduces oxidative 

stress [37,38], the reduced risk of 

microvascular complications may be in part 

due to improved antioxidant capacity. Since 

GSH is a major antioxidant within cells, it plays 

a key role in reducing the effects of oxidative 

stress [39].  

MDA level  

Table 1 shows the mean ± SD of MDA level 

(16.811±4.054) mmol/L in G1, 

(13.375±2.247) mmol/l in G2, (15.396±4.021) 

mmol/l in G3 and (6.795±1.566) mmol/l in the 

of the control group. The results displayed that 

the level of MDA in the blood increased 

significantly (P≤0.05) in G1, G2 and G3 

compared with the control group, while there 

were no significant differences between the 

two groups G1 and G3, as seen in Figure 4. 

 
FIGURE 4 Concentration of MDA in groups 

The levels of MDA increased in the groups 

under study and that the level of MDA 

increased significantly in the G1 group; this is 

in agreement with the results of Al Samarrai 

[40], which indicated an elevated level of MDA 

in the type 2 diabetes patients. The results of 

the current study agree with those of Humadi 
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et al. [41], which revealed that diabetes 

patients had a very high MDA level. A high 

level of MDA is an indicator of a high state of 

oxidative stress in the body, and the MDA level 

increases and its concentration is associated 

with an increase in the blood glucose level in 

patients with diabetes. Aldehyde 

dehydrogenase enzymes act in the liver 

mitochondria due to the increased 

concentration of fats in the tissues and these 

enzymes work to remove oxidized fats from 

the tissues [42,43]. 

The current study also included the 
determination of the levels of glucose, Hba1c, 
urea and creatinine in the serum of patients in 
four groups. The results obtained from this 
study are summarized in Table 2.

TABLE 2 Mean ± standard deviation of serum FSG, Hba1c, urea and creatinine in groups under 

investigation 

Creatinine 

mg/dl 

Urea 

mg/dl 

Hba1c  

% 

Glucose 

mg/dl 
Groups 

0.85±0.14 

b 

26.26±5.35 

c 

5.50±0.44 

b 

81.54±15.13 

c 
Control 

0.97±0.17 

b 

30.37±6.19 

c 

9.76±1.81 

a 

175.82±43.61 

a 
G1 

1.16±0.37 

b 

38.65±9.15 

b 

9.18±1.75 

a 

192.48±46.81 

a 
G2 

7.11±1.62 

a 

119.88±32.81 

a 

5.51±0.94 

b 

132.60±41.85 

b 
G3 

 Different letters indicate statistically significant differences, while similar letters do not have statistically significant 
differences

Glucose level 

Table 2 shows the mean ± SD for glucose level 

(175.82 ± 43,61) mg/dl in G1, (192.48 ± 46.81) 

mg/dl in G2, (132.60 ± 41,854) mg/dl in 

serum G3 and (81.54 ± 15.13) mg /dl in the 

control group. The results indicated that the 

blood glucose level significantly increased 

(P≤0.05) in G1, G2 and G3 compared with the 

control group, with no significant difference 

between G1 and G2 despite the slight increase 

in glucose level in G2 compared with G1 

(Figure 5). 

 
FIGURE 5 Concentration of glucose in groups 

The level of glucose increased in the groups 

under experiment, as our results showed a 

significant increase in the G1 group, in 

agreement with the results of Farhan study 

[44]. 

Hba1c level 

Table 2 shows the mean Hba1c ± SD estimate 

of the glycosylated hemoglobin level (9.76 ± 

1.81) in G1, (9.18 ± 1.75) in G2, (5.51 ± 0.94) 

in serum G3 and (5.50 ± 0.44) in the control 

group. The results indicated that the level of 

Hba1c in the blood significantly increased 

(P≤0.05) in G1 and G2, while G3 did not show 

any significant differences compared with the 

control group, and with no significant 

difference between G1 and G2 in the level of 

Hba1c as represented in Figure 6. 

 
FIGURE 6 concentration of Hba1c in groups 
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Glycated hemoglobin concentration 

increased significantly in the G1 and G2 

groups, coinciding with the increase in the 

serum glucose concentration in type 2 diabetic 

patients compared with the healthy controls. 

These results agree with those of Al-Mayah et 

al. [45]. 

Urea level 

Table 2 shows the mean ± SD of serum urea 

level (30.37±6.19) mg/dl in G1, (38.65±9.15) 

mg/dl in G2, (119.88±32.81) mg/dl in G3 and 

(26.26±5.35) mg/dl in the control group. The 

results displayed that the level of urea in the 

blood significantly increased (P≤0.05) in G2 

and G3, while G1 did not show any significant 

differences compared with the control group, 

despite the presence of a high presence 

between G1 and control (Figure 7). 

 
FIGURE 7 Concentration of urea in the groups 

There is no significant effect of urea 

concentration in the G1 group, as the diabetes 

group, but the concentration of urea rises in 

hypertensive patients G2 and G3 groups. 

Creatinine level 

Table 2 shows the mean ± SD of creatinine 

level (0.97±0.17) mg/dl in G1, (1.16±0.37) 

mg/dl in G2, (7.11±1.62) mg/dl in G3 and 

(0.85±0.14) mg/dl in the of the control group. 

The results indicated that the level of 

creatinine in the blood significantly increased 

(P≤0.05) in G3, while G1 and G2 did not show 

any significant differences compared with the 

control group (Figure 8). 

 
FIGURE 8 Concentration of creatinine in the 

groups 

The results did not show any significant 

differences between the groups G1 and G2 

compared with the control group, while the G3 

group showed a significant increase, being in 

agreement with the study by Rakopersingh et 

al. [46]. 

Conclusion 

From this, adrenomedullin level was 

increased in G1, with a decrease in G2 and G3, 
and the ferritin level was increased 
significantly in G1, G2 and G3 compared with 

the control. Results showed increase the 

oxidative stress and decrease the antioxidants, 
increase the concentrations of urea and 
creatinine, we concluded that diabetes, 
hypertension, and kidney disease had a clear 

effect on biochemical parameters and 
increased oxidative stress. 

Acknowledgements 

We'd like to extend our gratitude to all of the 

participants in this study. This study was 

made possible by their work and dedication to 

the research process. This research was 

supported department of Chemistry, College 

of Education, University of Samarra. 

Orcid: 
Arwa Muhammad Hashem: 

https://www.orcid.org/0000-0003-1863-9403 

Abdulmonaim Hamad Majied Al-Samarrai: 

https://www.orcid.org/0000-0002-0351-538X 

Othman Rashid Al Samarrai: 

https://www.orcid.org/0000-0002-1487-4054 

 

https://www.orcid.org/0000-0003-1863-9403
https://www.orcid.org/0000-0002-0351-538X
https://www.orcid.org/0000-0002-1487-4054


P a g e  | 643 A.M. Hashem et al. 
 

References 

[1] J.T. Wu, J. Clin. Lab. Anal., 1993, 7, 293–300. 

[Crossref], [Google Scholar], [Publisher] 

[2] C.J. Rhodes, Science, 2005, 307, 380-384. 

[Crossref], [Google Scholar], [Publisher] 

[3] D.R. Poyner, P.M. Sexton, I. Marshall, D.M. 

Smith, R. Quirion, W. Born, R. Muff, J.A. Fischer, 

S.M. Foord, Pharmacol. Rev., 2002, 54, 233–

246. [Crossref], [Google Scholar], [Publisher] 

[4] K. Kitamura, K. Kangawa, M. Kawamoto, Y. 

Ichiki, S. Nakamura, H. Matsuo, T. Eto, 

Biochem. Biophys. Res. Commun., 1993, 192, 

553–560. [Crossref], [Google Scholar], 

[Publisher] 

[5] S. Sugo, N. Minamino, K. Kangawa, K. 

Miyamoto, K. Kitamura, J. Sakata, T. Eto, H. 

Matsuo, Biochem. Biophys. Res. Commun., 

1994, 201, 1160–1166. [Crossref], [Google 

Scholar], [Publisher] 

[6] A. Martinez, M.J. Miller, E.J. Unsworth, J.M. 

Siegfried, F. Cuttitta, Endocrinology, 1995, 

136, 4099–4105. [Crossref], [Google Scholar], 

[Publisher] 

[7] F. Satoh, K. Takahashi, O. Murakami, K. 

Totsune, M. Sone, M. Ohneda, K. Abe, Y. Miura, 

Y. Hayashi, H. Sasano, J. Clin. Endocrinol. 

Metab., 1995, 80, 1750–1752. [Crossref], 

[Google Scholar], [Publisher] 

[8] B.M. Cheung, F. Tang, Recent. Pat. Endocr. 

Metab. Immune. Drug Discov., 2012, 6, 4–17. 

[Crossref], [Google Scholar], [Publisher] 

[9] D.C. Bunton, M.C. Petrie, C. Hillier, F. 

Johnston, J.J. McMurray, Pharmacol. Ther., 

2004, 103, 179–201. [Crossref], [Google 

Scholar], [Publisher] 

[10] Z. Chen, C. Zhong, Oxidative stress in 

Alzheimer’s disease. Neurosci. Bull., 2014, 30, 

271–281. [Crossref], [Google Scholar], 

[Publisher] 

[11] M.H. Yan, X. Wang, X. Zhu, Free Radic. Biol. 

Med., 2013, 2, 90–101. [Crossref], [Google 

Scholar], [Publisher]   

[12] A. Perl, Nat. Rev. Rheumatol., 2013, 11, 

674–86. [Crossref], [Google Scholar], 

[Publisher] 

[13] S.S. Sabharwal, P.T. Schumacker, Nat. Rev. 

Cancer, 2014, 11, 709–721. [Crossref], [Google 

Scholar], [Publisher] 

[14] F. Giacco, M. Brownlee, Circul. Res., 2010, 

9, 1058-10570. [Crossref], [Google Scholar], 

[Publisher] 

[15] U. Asmat, K. Abad, K. Ismail, J. Saudi 

Pharm. Soc., 2016, 24, 547–553. [Crossref], 

[Google Scholar], [Publisher] 

[16] S.K. Pandey, R.M. Banik, J. Agr. Tec., 2012, 

4, 1317-1333. [Pdf], [Google Scholar], 

[Publisher] 

[17] S. Demir, M. Yilmaz, N. Akalin, D. Aslan, 

Turk J. Gastroenterol., 2003, 1, 39-43. 

[Crossref], [Google Scholar], [Publisher] 

[18] H.J. Forman, H. Zhang, A. Rinna, Mol. 

Aspects Med., 2009, 30, 1–12. [Crossref], 

[Google Scholar], [Publisher] 

[19] E.C. Theil, Ann. Rev. Biochem., 1987, 56, 

289-315. [Crossref], [Google Scholar], 

[Publisher] 

[20] C. Camaschella, A. Nai, L. Silvestri, 

Haematologica, 2020, 105, 260-272. 

[Crossref], [Google Scholar], [Publisher] 

[21] S. Soad, A.M. Amr, N. Altaweel, H.A. 

Elazem, Med. J. Cario Univ., 2009, 77, 201-206. 

[Google Scholar], [Publisher] 

[22] T. Nakamura, K. Honda, S. Ishikawa, K. 

Kitamura, T. Eto, T. Saito, Endocr. J., 1998, 45, 

241–246. [Crossref], [Google Scholar], 

[Publisher] 

[23] B.M. Cheung, F. Tang, Recent. Pat. Endocr. 

Metab. Immune. Drug Discov., 2012, 6, 4–17. 

[Crossref], [Google Scholar], [Publisher] 

[24] K.L. Ong, A.W. Tso, R.Y. Leung, S.S. Cherny, 

P.C. Sham, T.H. Lam, B.M. Cheung, K.S. Lam, 

Clin. Chim. Acta, 2011, 412, 353–357. 

[Crossref], [Google Scholar], [Publisher] 

[25] D.C. Bunton, M.C. Petrie, C. Hillier, F. 

Johnston, J.J. McMurray, Pharmacol. Ther., 

2004, 103, 179–201. [Crossref], [Google 

Scholar], [Publisher] 

[26] Y.Y. Li, B.M. Cheung, L.Y. Wong, I.S. 

Hwang, C.R. Kumana, F. Tang, Neuropeptides, 

2005, 39, 73–80. [Crossref], [Google Scholar], 

[Publisher] 

https://doi.org/10.1002/jcla.1860070510
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Review+of+diabetes%3A+Identification+of+markers+for+early+detection%2C+glycemic+control%2C+and+monitoring+clinical+complications&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcla.1860070510
https://doi.org/10.1126/science.1104345
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Type+2+Diabetes-a+Matter+of+%C3%9F-Cell+Life+and+Death%3F&btnG=
https://www.science.org/doi/abs/10.1126/science.1104345
https://doi.org/10.1124/pr.54.2.233
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=International+Union+of+Pharmacology.+XXXII.+The+Mammalian+Calcitonin+Gene-Related+Peptides%2C+Adrenomedullin%2C+Amylin%2C+and+Calcitonin+Receptors&btnG=
https://pharmrev.aspetjournals.org/content/54/2/233
https://doi.org/10.1006/bbrc.1993.1451
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Adrenomedullin%3A+a+novel+hypotensive+peptide+isolated+from+human+pheochromocytoma.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0006291X83714518
https://doi.org/10.1006/bbrc.1994.1827
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Endothelial+cells+actively+synthesize+and+secrete+adrenomedullin.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Endothelial+cells+actively+synthesize+and+secrete+adrenomedullin.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0006291X84718274
https://doi.org/10.1210/endo.136.9.7649118
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Expression+of+adrenomedullin+in+normal+human+lung+and+in+pulmonary+tumors.+&btnG=
https://academic.oup.com/endo/article-abstract/136/9/4099/3037342
https://doi.org/10.1210/jcem.80.5.7745031
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Adrenomedullin+in+human+brain%2C+adrenal+glands+and+tumor+tissues+of+pheochromocytoma%2C+ganglioneuroblastoma+and+neuroblastoma.+&btnG=
https://academic.oup.com/jcem/article-abstract/80/5/1750/2651110
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Adrenomedullin%3A+exciting+new+horizons.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Adrenomedullin%3A+exciting+new+horizons.+&btnG=
https://www.ingentaconnect.com/content/ben/emi/2012/00000006/00000001/art00002
https://doi.org/10.1016/j.pharmthera.2004.07.002
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+clinical+relevance+of+adrenomedullin%3A+a+promising+profile%3F+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+clinical+relevance+of+adrenomedullin%3A+a+promising+profile%3F+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0163725804000981
https://doi.org/10.1007/s12264-013-1423-y
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Oxidative+stress+in+Alzheimer%E2%80%99s+disease&btnG=
https://link.springer.com/article/10.1007/s12264-013-1423-y
https://doi.org/10.1016/j.freeradbiomed.2012.11.014
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Mitochondrial+defects+and+oxidative+stress+in+Alzheimer+disease+and+Parkinson+disease&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Mitochondrial+defects+and+oxidative+stress+in+Alzheimer+disease+and+Parkinson+disease&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0891584912018230
https://doi.org/10.1038/nrrheum.2013.147
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Oxidative+stress+in+the+pathology+and+treatment+of+systemic+lupus+erythematosus.&btnG=
https://www.nature.com/articles/nrrheum.2013.147
https://doi.org/10.1038/nrc3803
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Mitochondrial+ROS+in+cancer%3A+initiators%2C+amplifiers+or+an+Achilles%E2%80%99+heel%3F+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Mitochondrial+ROS+in+cancer%3A+initiators%2C+amplifiers+or+an+Achilles%E2%80%99+heel%3F+&btnG=
https://www.nature.com/articles/nrc3803
https://doi.org/10.1161/CIRCRESAHA.110.223545
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Oxidative+stress+and+diabetic+complications&btnG=
https://www.ahajournals.org/doi/full/10.1161/CIRCRESAHA.110.223545
https://doi.org/10.1016/j.jsps.2015.03.013
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Diabetes+mellitus+and+oxidative+stress%E2%80%94a+concise+review&btnG=
https://www.sciencedirect.com/science/article/pii/S1319016415000766
http://ijat-aatsea.com/pdf/v8_n4_12_july/15_ijat_2012_8_4__s.k_pandey_-biotechnology-corrected%20in%20june,13,2012.pdf
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Selection+and+optimization+of+nutritional+constituents+for+enhanced+production+of+alkaline+phosphatase+by+Bacillus+licheniformis+MTCC+1483&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Role+of+free+radicals+in+peptic+ulcer+and+gastritis&btnG=
http://acikerisim.pau.edu.tr/xmlui/handle/11499/5280
https://doi.org/10.1016/j.mam.2008.08.006
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Glutathione%3A+Overview+of+its+protective+roles%2C+measurement%2C+and+biosynthesis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0098299708000617
https://doi.org/10.1146/annurev.bi.56.070187.001445
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=FERRITIN%3A+STRUCTURE%2C+GENE+REGULATION%2C+AND+CELLULAR+FUNCTION+IN+ANIMALS%2C+PLANTS%2C+AND+MICROORGANISMS&btnG=
https://www.annualreviews.org/doi/abs/10.1146/annurev.bi.56.070187.001445?journalCode=biochem
https://doi.org/10.3324/haematol.2019.232124
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Iron+metabolism+and+iron+disorders+revisited+in+the+hepcidin+era&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7012465/
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Ferritin+and+Insulin+Resistance+in+Patients+with+Type+2+Diabetes+Mellitus.+&btnG=
https://pesquisa.bvsalud.org/portal/resource/pt/emr-92127
https://doi.org/10.1507/endocrj.45.241
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plasma+adrenomedullin+levels+in+patients+with+non-insulin+dependent+diabetes+mellitus%3A+close+relationships+with+diabetic+complications&btnG=
https://www.jstage.jst.go.jp/article/endocrj1993/45/2/45_2_241/_article/-char/ja/
https://doi.org/10.2174/187221412799015263
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Adrenomedullin%3A+exciting+new+horizons&btnG=
https://www.ingentaconnect.com/content/ben/emi/2012/00000006/00000001/art00002
https://doi.org/10.1016/j.cca.2010.11.007
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Agenetic+variant+in+the+gene+encoding+adrenomedullin+predicts+the+development+of+dysglycemia+over+6.4+years+in+Chinese&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0009898110006893
https://doi.org/10.1016/j.pharmthera.2004.07.002
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+clinical+relevance+of+adrenomedullin%3A+a+promising+profile%3F+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+clinical+relevance+of+adrenomedullin%3A+a+promising+profile%3F+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0163725804000981
https://doi.org/10.1016/j.npep.2004.11.002
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Adrenomedullin+gene+expression+and+levels+in+the+cardiovascular+system+after+treatment+with+lipopolysaccharide&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143417904001192


P a g e  | 644 Evaluation of the adrenomedullin… 
 

 

[27] T. Ishimitsu, T. Nishikimi, Y. Saito, K. 

Kitamura, T. Eto, K. Kangawa, H. Matsuo, T. 

Omae, H. Matsuoka, J. Clin. Invest., 1994, 94, 

2158–2161. [Crossref], [Google Scholar], 

[Publisher]   

[28] S. Raj, G.V. Rajan, Int. J. Res. Med. Sci., 

2013, 1, 12-15. [Crossref], [Google Scholar], 

[Publisher]  

[29] S.N. Rajpathak, J.P. Crandall, J. Wylie-

Rosett, G.C. Kabat, T.E. Rohan, F.B. Hu, Biochim. 

Biophys. Acta Gen. Subj., 2009, 1790, 671-681. 

[Crossref], [Google Scholar], [Publisher] 

[30] R. Jiang, J. Ma, A. Ascherio, M.J. Stampfer, 

W.C. Willet, F.B. Hu, Am. J. Clin. Nutr., 2004, 79, 

70–75. [Crossref], [Google Scholar], 

[Publisher] 

[31] J.M. Fernandez-Real, A. Lopez-Bermejo, 

W. Ricart, Clin. Chem., 2005, 51, 1201–1205. 

[Crossref], [Google Scholar], [Publisher] 

[32] D. Nguyen, J.W. Hsu, F. Jahoor, R.V. Sekhar, 

J. Clin. Endocrinol. Metab., 2014, 99, 169–177. 

[Crossref], [Google Scholar], [Publisher]  

[33] F.K. Lutchmansingh, J.W. Hsu, F.I. Bennett, 

A.V. Badaloo, N. McFarlane-Anderson, G.M. 

Gordon-Strachan, R.A. Wright-Pascoe, F. 

Jahoor, M.S. Boyne, PLoS One, 2018, 13, 

e0198626. [Crossref], [Google Scholar], 

[Publisher] 

[34] M. Brownlee, Nature, 2001, 414, 813–

820. [Crossref], [Google Scholar], [Publisher] 

[35] T. Almdal, H. Scharling, J.S. Jensen, H. 

Vestergaard, Arch. Intern. Med., 2004, 164, 

1422–1426. [Crossref], [Google Scholar], 

[Publisher] 

[36] T. Nishikawa, D. Kukidome, K. Sonoda, K. 

Fujisawa, T. Matsuhisa, H. Motoshima, T. 

Matsumura, E. Araki, Diabetes Res. Clin. Pract., 

2007, 77, S41–S45. [Crossref], [Google 

Scholar], [Publisher] 

[37] M.C. Bravi, A. Armiento, O. Laurenti, M. 

Cassone-Faldetta, O. De Luca, A. Moretti, G. De 

Mattia, Metabolism, 2006, 55, 691–695. 

[Crossref], [Google Scholar], [Publisher] 

[38] J. Unger, Insulin, 2008, 3, 176–184. 

[Crossref], [Google Scholar], [Publisher]  

[39] G. Wu, Y.Z. Fang, S. Yang, J.R. Lupton, N.D. 

Turner, J. Nutr., 2004, 134, 489–492. 

[Crossref], [Google Scholar], [Publisher] 

[40] O.R. Al Samarrai, Samarra J. Pure Appl. 

Sci., 2020, 2, 1-6. [Crossref], [Google Scholar], 

[Publisher] 

[41] A.A. Humadi, O.R. Al Samarrai, K.F. Al-

Rawi, Egypt. J. Chem., 2021, 64, 5-6. [Crossref], 

[Google Scholar], [Publisher] 

[42] R.K. Ali, W.J.H. Ali, Baghdad Sci. J., 2013, 

10, 189-197. [Crossref], [Google Scholar], 

[Publisher] 

[43] R.K. Padalkar, A.V. Shinde, S.M. Patil, 

Biomed. Res., 2012, 23, 207-210. [Google 

Scholar] 

[44] L.O. Farhan, Baghdad Sci. J., 2015, 2, 362-

370. [Pdf], [Google Scholar], [Publisher] 

[45] W.T. Al-Mayah, M.N. Al-Azzawi, Thesis 

University of Baghdad, 2004. [Google 

Scholar], [Publisher] 

[46] C. Couchoud, N. Riffaut, T. Hannedouche, 

O. Moranne,A. Hertig, d'Épidémiologie et de 

Santé Publique, 2018, 66, S385. [Crossref], 

[Google Scholar], [Publisher]   

How to cite this article: Arwa Muhammad 

Hashema*, Abdulmonaim Hamad Majied Al-

Samarrai, Othman Rashid Al Samarrai, 

Ferritin and Some Biochemical Parameters 

in Type 2 Diabetes Patients. Eurasian 

Chemical Communications, 2022, 4(7), 636-

644. Link:  

http://www.echemcom.com/article_14715

6.html 

 

Copyright © 2022 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.1172/JCI117573
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plasma+levels+of+adrenomedullin%2C+a+newly+identified+hypotensive+peptide%2C+in+patients+with+hypertension+and+renal+failure.+&btnG=
https://www.jci.org/articles/view/117573
https://doi.org/10.5455/2320-6012.ijrms20130203
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Correlation+between+elevated+serum+ferritin+and+HbA1c+in+type+2+diabetes+mellitus&btnG=
https://www.msjonline.org/index.php/ijrms/article/view/2525
https://doi.org/10.1016/j.bbagen.2008.04.005
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+role+of+iron+in+type+2+diabetes+in+humans&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304416508001001
https://doi.org/10.1093/ajcn/79.1.70
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Dietary+iron+intake+and+blood+donations+in+relation+to+risk+of+type+2+diabetes+in+men%3A+a+prospective+cohort+study%5C&btnG=
https://academic.oup.com/ajcn/article/79/1/70/4690072?login=true
https://doi.org/10.1373/clinchem.2004.046847
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Iron+stores%2Cblood+donation%2C+and+insulin+sensitivity+and+secretion&btnG=
https://academic.oup.com/clinchem/article/51/7/1201/5630040?login=true
https://doi.org/10.1210/jc.2013-2376
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Effect+of+Increasing+Glutathione+With+Cysteine+and+Glycine+Supplementation+on+Mitochondrial+Fuel+Oxidation%2C+Insulin+Sensitivity%2C+and+Body+Composition+in+Older+HIV-Infected+Patients&btnG=
https://academic.oup.com/jcem/article-abstract/99/1/169/2836223?redirectedFrom=fulltext
https://doi.org/10.1371/journal.pone.0198626
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Glutathione+metabolism+in+type+2+diabetes+and+its+relationship+with+microvascular+complications+and+glycemia&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198626
https://doi.org/10.1038/414813a
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Biochemistry+and+molecular+cell+biology+of+diabetic+complications.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Biochemistry+and+molecular+cell+biology+of+diabetic+complications.+&btnG=
https://doi.org/10.1001/archinte.164.13.1422
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=+The+independent+effect+of+type+2+diabetes+mellitus+on+ischemic+heart+disease%2C+stroke%2C+and+death%3A+a+population-based+study+of+13%2C000+men+and+women+with+20+years+of+follow-up&btnG=
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/217184
https://doi.org/10.1016/j.diabres.2007.01.031
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Impact+of+mitochondrial+ROS+production+on+diabetic+vascular+complications.+Diabetes+Res+Clin+Pract.%3B77+Suppl+1%3AS41%E2%80%935.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Impact+of+mitochondrial+ROS+production+on+diabetic+vascular+complications.+Diabetes+Res+Clin+Pract.%3B77+Suppl+1%3AS41%E2%80%935.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0168822707001611
https://doi.org/10.1016/j.metabol.2006.01.003
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Insulin+decreases+intracellular+oxidative+stress+in+patients+with+type+2+diabetes+mellitus&btnG=
https://www.metabolismjournal.com/article/S0026-0495(06)00041-2/fulltext
https://doi.org/10.1016/S1557-0843(08)80037-1
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Reducing+oxidative+stress+in+patients+with+type+2+diabetes+mellitus%3A+a+primary+care+call+to+action&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1557084308800371
https://doi.org/10.1093/jn/134.3.489
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Glutathione+metabolism+and+its+implications+for+health&btnG=
https://academic.oup.com/jn/article/134/3/489/4688681?login=true
https://doi.org/10.54153/sjpas.2020.v2i3.26
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Preptin+hormone+level+and+some+biochemical+parameters+in+type+2+diabetic+patients+in+Samarra+city&btnG=
http://www.sjpas.com/index.php/sjpas/article/view/26
https://dx.doi.org/10.21608/ejchem.2021.77687.3792
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Estimation+of+6Ckine+and+Chemokine+Receptor+Type+7+With+Some+Biomarkers+in+Type+2+Diabetes+Mellitus+Patients+in+Ramadi+City-Iraq&btnG=
https://ejchem.journals.ekb.eg/article_176512.html
https://www.iasj.net/iasj/download/ccd160045278c02f
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Comparative+study+of+oxidative+stress+in+diabetes+mellitus.+&btnG=
https://www.iasj.net/iasj/download/ccd160045278c02f
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Lipid+profile%2C+%28February%29+serum+malondialdehyde%2C+superoxide+dismutase+in+chronic+kidney+diseases&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Lipid+profile%2C+%28February%29+serum+malondialdehyde%2C+superoxide+dismutase+in+chronic+kidney+diseases&btnG=
https://www.iasj.net/iasj/download/c159ef5b208033b6
https://scholar.google.com/scholar?q=Determanation+of+Several+Biochemical+Parameters+in+Sera+of+Iraqi+Patients+with+type+2+Diabetes&hl=de&as_sdt=0,5
https://www.iasj.net/iasj/article/101291
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Monthly+variations+of+some+physical+and+chemical+properties+for+Al-Garraf+River+one+of+the+main+Tigris+branches+at+Al-Haay+Cit&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Monthly+variations+of+some+physical+and+chemical+properties+for+Al-Garraf+River+one+of+the+main+Tigris+branches+at+Al-Haay+Cit&btnG=
https://www.researchgate.net/profile/Wisam-Al-Mayah/publication/344237182_Monthly_variations_of_some_physical_and_chemical_properties_for_Al-Garraf_River_one_of_the_main_Tigris_branches_at_Al-Haay_Cit/links/60661f20458515614d2b6ab2/Monthly-variations-of-some-physical-and-chemical-properties-for-Al-Garraf-River-one-of-the-main-Tigris-branches-at-Al-Haay-Cit.pdf
https://doi.org/10.1016/j.respe.2018.05.405
https://scholar.google.com/scholar?q=Outcomes+of+acute+kidney+injury+depend+on+initial+clinical+features:+A+national+French+cohort+study&hl=de&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0398762018311052
http://www.echemcom.com/article_147156.html
http://www.echemcom.com/article_147156.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

