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Abstract 

In patients with diabetes, chronic inflammation is characterised by the 

increase in C-reactive protein (CRP) and tumour necrosis alpha (TNF-

α). The consumption of melatonin and flaxseed oil may improve 

insulin sensitivity and the effectiveness of diabetic medications. The 

current study investigated the efficacy of melatonin and flaxseed oil in 

patients with Type 2 diabetes mellitus (T2DM). It involved 43 patients 

with diabetes who were divided into 3 groups. The first group received 

a placebo (starch 50mg, n=13), the second group received melatonin 

(10mg per day, n=14) and the third group received flaxseed oil 

(1000mg per day, n=16), in addition to prescribed hypoglycaemic 

medication and a 12-week controlled diet. Fasting blood sugar (FBS), 

glycated haemoglobin (HbA1c), oxidative stress and inflammatory 

parameters were measured in each group at 0, 6, and 12 weeks. 

Melatonin and flaxseed oil administrations resulted in a highly 

significant increase in glutathione (GSH) levels, a significant decrease 

in malondialdehyde (MDA), a significant increase in superoxide 

dismutase (SOD) in the melatonin group and a significant increase in 

SOD in the flaxseed oil group. The melatonin group and the flaxseed 

oil group also showed a highly significant decrease in oxidised low-

density lipoprotein (ox-LDL).TNF-α was significantly reduced after 

the respective consumption of melatonin and flaxseed oil. Furthermore, 

flaxseed oil consumption resulted in a significant decrease in CRP; 

however, there was no significant difference in CRP due to melatonin 

consumption.

 
DOI: 10.53293/jasn.2021.4049.1068, Department of Applied Sciences, University of Technology 

This is an open access article under the CC BY 4.0 License. 

 

 

Journal of Applied Sciences and Nanotechnology 

 

mailto:haitham7424@yahoo.com


Journal of Applied Sciences and Nanotechnology, Vol. 2, No. 1 (2022) 

 

91 

1. Introduction 

Type 2 diabetes mellitus (T2 DM) is a metabolic disease characterized by hyperglycemia caused by impaired 

insulin secretion in pancreatic β-cells in response to glucose, or by deficiencies in insulin action on its target 

tissues. Long-term complications particularly retinopathy, nephropathy, neuropathy and microvascular disease 

has been linked to chronic hyperglycemia [1].There is increasing clinical and experimental evidence that reactive 

oxygen species (ROS) and antioxidants (e.g. glutathione (GSH), superoxide dismutase (SOD), etc.) are increased 

in diabetes, and that the onset of diabetes is strongly related to oxidative stress (OS). In patients with diabetes, 

hyperglycemia induces free radicals and impairs the defence mechanism of endogenous antioxidant that function 

is to counteraction toxic OS [2].In addition, chronic inflammation in diabetics is marker by elevated serum level 

of C-reactive protein (CRP) and proinflammatory cytokine (e.g. interleukin-6 (IL-6), tumor necrosis factor alfa 

(TNF-α), monocyte chemoattractant protein-1 (MCP-1) ... etc.) [3].TNF-α can cause insulin resistance, diabetic 

retinopathy, diabetic nephropathy, endothelial dysfunction and atherothrombosis [4]. Melatonin has its own 

antioxidative effect and also increases the activity of endogenous antioxidative enzymes. It is secreted at night 

and crosses the blood-brain barrier, where it prevents oxidation disorders of cerebral nerve cells during nocturnal 

sleep [5]. Melatonin's immunostimulatory effect is dependent not only on its ability to increase cytokine 

production, but also on its anti-apoptotic and antioxidant properties [6]. Flaxseed has the potential to be a 

powerful antioxidant. The active constituent of flaxseed (lignan, secoisolaricire-sinoldiglucoside (SDG)) has 

potent antioxidant properties, lowering ROS, also reducing DNA scissions and lipid peroxidation [7, 8]. Animals 

consumed flaxseed, flaxseed oil, or flaxseed lignan had lower levels of inflammation, oxidative lung damage, 

lipid peroxidation, and hyperinsulinemia [8]. In human, flaxseed (oil, lignan, or supplements) was thought to 

reduce OS by lowering serum inflammation biomarkers (TNF-a, IL-1b, IL-6, CRP), decreasing glucose, 

glycosylated haemoglobin (HbAlC) concentrations, and lowering insulin resistance [8,9].The aim of the current 

study was to investigate the effect of melatonin and flaxseed oil on glycaemic control, OS and inflammatory 

parameters in T2DM patients. 

2. Experimental Procedure 

2.1. Patients Selection 
This study included 43 patients (26 females and 17 males) with type 2 diabetes on sulfonylurea (glibenclamide), 

aged 40-60 years (48.39±7.89 SD), and with a disease duration of five to ten years who attended the 

Endocrinology and Diabetes Center, Baghdad, Iraq, for the period from October 2012 to April 2014.  

2.2. Exclusion Criteria 

This study excluded patients with liver or kidney disease, as well as those with cardiovascular disease. Also, 

patients taking insulin therapy or other anti-diabetic medications, antioxidants (aspirin), hypolipidemic agents, 

anti-inflammatory or nonsteroidal anti-inflammatory drugs were excluded. In addition, any medications should 

be considered. Also, pregnant women and breast feeding are excluded.  

2.3. Inclusion Criteria 
This study included patients who had already taken the maximum dose of sulfonylurea (glibenclamide) (15 mg 

per day) for two weeks with a regulated diet but had poor glycemic control as indicated by abnormal fasting 

blood sugar (FBS) and HbAlC.  

2.4. Study Design 

Three groups of patients were randomly established as following: 1) Group A (n=13) patients were administered 

a placebo starch powder in a capsule (50 mg per day) (Ingredion, India). 2) Group B (n=14) patients were 

administered melatonin powder 10mg as hard gelatin capsule (Amuun, Egypt) once day (10mg per day) at night. 

3) Group C (n=16) patients were administered flaxseed oil 500 mg soft gelatin capsule twice daily (1000 mg per 

day) (Emad factory for herbal oils, Iraq) after meals. All patients in these groups were also received 

glibenclamide and a restricted diet for 12 weeks.    

2.5. Specimen Collection and Evaluation 
To track changes in the examined parameters, ten (10 ml) blood samples after 12 hours fasting were taken 

through venipuncture and serum was separated from all patients at 0 (baseline), 6 and 12 week(s) of treatment. 

FBS was measured using a ready-to-use kit, as described in [10]. HbAlC was measured using the VARIANT 
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hemoglobin AlC program, which based on ion exchange high performance liquid chromatography [11].Serum 

malondialdehyde (MDA) levels were estimated using the method of [12], which was modified by [13]. Serum 

glutathione (GSH) levels were determined using the method of [14]. Serum superoxide dismutase (SOD) levels 

were determined using the method described in [15], and serum oxidized LDL (ox-LDL) levels were determined 

using an enzyme immunoassay (ELISA) kit described in [16]. TNF-α levels in serum were determined according 

to [17]. CRP levels were determined using the method described in [18].  

2.6. Statistical Analysis 

Except for HbAlC, all results were expressed in mmol/L. The paired t-test and analysis of variance (ANOVA) 

were used to determine the level of significance, with P<0.05 considered significant.  

3. Results and Discussion 

Diabetes is commonly treated with oral hypoglycemic medication, glycosidase enzyme inhibitors, or injected 

insulin [19], these synthetic agents, however, can have serious side effects [20]. Furthermore, for thousands of 

years, herbal treatments for diabetes have been used in traditional medicine, they used by approximately 60% of 

the world's population, and this figure is growing by the day [21]. There are over 800 plant species exhibit 

hypoglycemic activities [22]. Because of the low cost, ease of availability, and lack of side effects, there has 

been an increase in the use of herbal products as anti-diabetic [23, 19].  

3.1. Effects of Melatonin and Flaxseeds Oil on Glycemic Control 

After 12 weeks of treatment in comparison with base line (0week), results showed that there was no significant 

difference (P>0.05) in FBS for the both  placebo and flaxseed groups, while a high significant decrease (P<0.01) 

in FBS for the melatonin group. Also, in comparison with placebo group, there was no significant difference in 

FBS of the flaxseed group (P>0.05), while a significant decrease in the melatonin group at the same duration. 

Regarding HbA1c, in comparison to the baseline value after 12 weeks of treatment, there was no significant 

difference in the placebo group's HbA1c (P>0.05), a significant decrease in the flaxseed group's HbA1c 

(P<0.05), and a high significant decrease in the melatonin group's HbA1c (P<0.001). And in comparison, with 

placebo group, there was no significant difference in HbA1c of the flaxseed group, whereas a significant 

decrease in HbA1c for melatonin group (Table 1). 

This results are consistent with other [24] that noticed that dietary milled flaxseed and flaxseed oil consumption 

for 12 weeks had no effect on HbA1c or fasting blood glucose concentrations. Similarly, flaxseed oil 

supplementation had no effect on glycemic control in people with T2DM [25]. Furthermore, studies looking into 

the potential benefits of lowering the dietary ratio have failed to show a positive effect on insulin sensitivity and 

glycemic control [26]. Another research reveals that taking high doses of flaxseed oil (60 mg/kg) had no effect 

on glycemic control in T2DM [27]. In a research conducted by [8], flaxseed supplementation was proven to 

lower insulin resistance. Despite the fact that insulin concentration was not changed significantly, the HOMA-IR 

index (homeostasis model assessment of insulin resistance) was significantly lower following flaxseed 

supplementation, reflecting a decrease in insulin resistance. In contrast, [28, 29] reported that decrease in 

HOMA-IR after supplementing with flaxseed showed no significant changes in insulin concentration. This could 

explain the current study's findings that administrations of flaxseed oil have no significant effect on FBS levels; 

however, it significantly lowers HbA1C levels. 

Recently, pineal hormone has been shown to influence insulin secretion, carbohydrate metabolism, and blood 

glucose levels. The pineal gland and a few other organs locally synthesize melatonin (N-acetyl-5-

methoxytryptamine) [30]. Melatonin appears to have a diabetes-preventive effect, whereas pinealectomy 

increases the risk of diabetes [31]. Melatonin's main function is to regulate seasonal and circadian rhythms, with 

high levels at night and low levels throughout the day. Insulin levels are also adapted to day and night variations 

due to melatonin-dependent synchronization [32]. In this regard, the findings of this study are consistent with 

previous findings that melatonin at a dose of 10 mg per day for 12 weeks was found to be effectively reduces 

FBS and HbA1c levels. Melatonin has the potential to impact diabetes and metabolic disorders not only through 

altering insulin release, but also by protecting pancreatic β-cells from oxidative damage due to their low 

antioxidative capacity, in the pancreas, melatonin receptors have been identified [32,33]. Melatonin can also act 

on target cells through attaching to membrane-bound receptors [34]. In both animal and human investigations, 
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melatonin has been demonstrated to help regulate blood glucose levels. Over a 5-month period, continuous 

therapy with prolonged-release melatonin (2 mg) lowers HbA1c levels and improves glycemic control. 

Furthermore, patients with T2DM who were given melatonin (6 mg) for three months had better glycemic 

control [30]. 

Table 1: FBS and HBA1c levels in each group at varied treatment periods. 

Group 
FBS (mmol/l) HbA1c (%) 

0 week 6 weeks 12 weeks 0 week 6 weeks 12 weeks 

Placebo 
(n=13) 

11.68+3.64 
10.62+2.94 

* 
11.62+2.79 8.35+1.93 8.6+1.94 8.15+1.61 

Melatonin 
(n=14) 

10.39±2.42 
9.15±2.78 

* 
7.64±1.83 

**†† 
8.36±1.13 

7.76±1.03 
** 

6.91±1.15 
**† 

Flaxseed 
(n=16) 

11.69±5.13 10.97±3.38 10.49±3.21 8.37±1.71 
7.41±1.82 

** 
7.74±1.3 

* 

Comparison with baseline: *= significant (P<0.05),**=highly significant (P<0.001). 

Comparison with placebo over the corresponding duration:†= significant (P<0.05), ††= highly significant (P<0.001). 

3.2. Effects of Melatonin and Flaxseeds Oil on Oxidative Stress 
Diabetes causes an increase in oxidative stress due to a variety of factors. Hyperglycemia produces reactive 

oxygen species (ROS), which cause lipid peroxidation and membrane damage via glucose auto-oxidation [35]. 

In the current study, there was no significant difference in GSH, MDA, and ox.LDL of the placebo group after 

12 weeks of treatment in comparing with baseline (0 week), however results showed that both flaxseed and 

melatonin groups had a high significant increase in GSH and SOD, but a high significant decrease in MDA and 

in ox.LDL. In addition, after 12 weeks of treatment, there was a high significant increase in GSH and a high 

significant decrease in MDA of the flaxseed and melatonin treated groups when compared to a placebo-treated 

group at the same duration. A significant increase in SOD in the melatonin groups, a high significant increase in 

SOD in the flaxseed treated group, and a high significant decrease in ox.LDL in the flaxseed and melatonin 

treated groups, as shown in Table 2. 

Flaxseed oil lowered oxidized glutathione levels and maintained low GSH levels in erythrocytes, showing that it 

may boost antioxidant activity in human erythrocytes, according to [36]. A prior study [37] found similar results 

in erythrocytes from diabetic rats. This event revealed that flaxseed oil was abundant in PUFA (n-3 

polyunsaturated fatty acid) and that the PUFA's numerous double bonds protected the membrane from oxidative 

stress [38]. Furthermore, flaxseed oil has been shown to transfer phenolic hydrogen to a peroxyl free radical of a 

peroxidized PUFA in a previous study. By suppressing the radical chain reaction, this method can prevent PUFA 

peroxidation in cellular or subcellular membrane phospholipids [39]. Several investigations in diabetic models 

have shown that glucose can enter the cell and activate the polyol pathway, resulting in nicotinamide adenine 

dinucleotide phosphate (NADPH) depletion [40].  

Melatonin has antioxidant properties in both homogenized tissues and living organisms [41]. One study [42] 

assessed the effect of melatonin supplementation on oxidative stress parameters in elderly primary essential 

hypertensive patients. MDA levels were significantly reduced after taking 5 mg of melatonin every day for 30 

days.  Although there have been no clinical studies on the effect of melatonin on LDL oxidation. In one study, 

the antioxidative effect of melatonin on ox-LDL-induced disruption of nitric oxide synthesis in the human 

umbilical artery, which could be the fundamental source of endothelial dysfunction in preeclampsia. Melatonin 

appears to protect against ox-LDL-induced inhibition of NO production in the endothelium of human umbilical 

arteries, most likely by scavenging hydroxyl radicals [43]. Another study investigated melatonin and its 

physiological metabolites' antiatherogenic characteristics by assessing their effects on the radical-initiated 

production of ox-LDL. Melatonin appears to have little antiatherogenic properties in terms of LDL oxidation, 

although its main breakdown product 6-hydroxy melatonin inhibits LDL oxidation in a way that vitamin E does 

[44].Melatonin and other treatments that reduce the inflammatory and oxidative effects of diabetes mellitus may 

have a significant influence on people by preventing or decreasing retinal complication. Melatonin reduces 
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oxidative stress in diabetic rats, reducing retinal histological alterations [30]. 

Table 2: Oxidative stress parameters in each group at varied treatment periods. 

Group 

GSH(µmol/l) MDA(µmol/l) SOD(µmol/l) ox. LDL(U/ml) 

0 

week 

6 

weeks 

12 

weeks 

0 

week 

6 

weeks 

12 

weeks 

0 

week 

6 

weeks 

12 

weeks 

0 

week 

6 

weeks 

12 

weeks 

Placebo 

(n=13) 

0.49±

0.05 

0.56±

0.12* 

0.51± 

0.07 

1.72±

0.29 

1.95±

0.34 

1.79±

0.27 

32.0± 

6.48 

32.0± 

6.7 

34.0±

5.42* 

45.6±

7.95 

42.6±

6.33 

45.8±

9.43 

Flaxseed 

(n=16) 

0.54±

0.05† 

0.65±

0.06 

**† 

0.86± 

0.14 

**†† 

1.81±

0.19 

1.24±

0.1 

**†† 

0.96±

0.1 

**†† 

27.3±

9.45 

37.1±

12.54

** 

50.3±

14.43 

**b 

45.1±

3.99 

34.5± 

4.75 

**†† 

28.4±

4.97 

**†† 

Melatonin 

(n=14) 

0.49±

0.06 

0.64±

0.08 

** 

0.77± 

0.07 

**†† 

1.65±

0.3 

1.27±

0.28 

**†† 

1.01±

0.23 

**†† 

29.5±

4.42 

33.5±

5.21 

** 

41.5±

5.9 

**† 

49.5±

6.69 

40.0± 

1.66 

** 

33.4±

4.31 

**†† 

Comparison with baseline: *= significant (P<0.05),**=highly significant (P<0.001). 

Comparison with placebo over the corresponding duration: †= significant (P<0.05), ††= highly significant (P<0.001). 

3.3. Effects of Melatonin and Flaxseeds Oil on Inflammatory Markers 
C-reactive protein is an acute phase protein whose presence in the blood is regarded to be a sign of chronic 

inflammation [45]. The level of C-reactive protein has been shown to predict cardiovascular disease and to 

induce the expression of adhesion molecules [46]. Table (3) showed that after treatment for 12 weeks in terms of 

TNF-α and CRP in comparison with placebo, there was a significant (P<0.05) and high significant (P<0.001) 

reduction in TNF-α in both flaxseed and melatonin groups, respectively. Also, there was a significant reduction 

in CRP in flaxseed group (P<0.05), but there was no significant difference in CRP in melatonin group (P>0.05). 

Flaxseed has anti-inflammatory properties [47]. In humans, supplementation with flaxseed lowered serum 

concentrations of TNF, CRP, glucose, HbAlC and improved insulin sensitivity [48]. Animals fed flaxseed, 

flaxseed oil, or flaxseed lignan had lower levels of inflammation, oxidative lung damage, lipid peroxidation, and 

hyperinsulinemia [49], these findings are consistent with the findings of the current study (Table 3). Flaxseed 

supplementation was hypothesized to reduce oxidative stress, thereby decreasing inflammation biomarkers and 

insulin resistance. Human serum TNF-α has been shown to be significantly reduced by flaxseed oil [50].  

The current study's results on melatonin's effects on CRP and TNF-α were consistent with [51] who found that 

melatonin treatment reduces pro-inflammatory and oxidative stress, two factors that contribute to insulin 

resistance, metabolic syndrome, diabetes, and cardiovascular disease. Melatonin has the capacity to influence the 

inflammatory response by acting directly on the cells and tissues involved. Melatonin can suppress the 

expression and activity of key enzymes involved in the inflammatory process (phospholipase A2, 5-

lipooxygenase, and cyclooxygenase 2) by acting on its high-affinity specific receptors i.e. pertussis-toxin-

sensitive membrane receptors (MT1 and MT2), as well as nuclear binding sites found in macrophages, 

lymphocytes, and other cells [52]. Raygan et al. studied 60 patients with diabetes and coronary artery disease, 

patients were randomly assigned to one of two groups: (placebo or 10 mg melatonin). For a period of 12 weeks, 

melatonin had the expected effects on glycemic control, HDL-cholesterol, CRP, MDA, NO, and GSH [53]. The 

etiology of diabetic retinopathy is complicated by inflammation and oxidative stress. As a result, medications 

like melatonin that reduce the inflammatory and oxidative effects of diabetes mellitus may have a significant 

influence on individuals by avoiding or reducing retinal complications [30].Melatonin, through a nuclear factor-

kappa B-dependent mechanism, lowered the expression of inducible nitric oxide synthase and prevented the 

overexpression of inflammatory cytokines (TNF-α) and CRP [54].  

It was found that an experimental thermal shock causes OS and a strong inflammatory response, as well as an 

elevation in CRP levels, which can be reversed by melatonin treatment [55].Melatonin's anti-inflammatory 

properties can be related to its ability to inhibit pro-inflammatory cytokines as well as its ability to reduce the 

production of various adhesion molecules such intercellular adhesion molecules, vascular cell adhesion 

molecules, and endothelial cell selection [56, 57]. Further studies are required to investigate the role of other 

agents for safe, efficient, and cost effective surrogate treatment for T2DM. Metals are important in a variety of 

metabolic pathways, including glucose metabolism. Zinc oxide, silver, gold, and core-shell silver-gold 
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nanoparticles have all been shown to have anti-diabetic properties [58-60]. Furthermore, [61] discovered that in 

human primary adipocytes, superparamagnetic iron oxide nanoparticles suppress the majority of high-risk genes 

involved in the development of T2DM. 

Table (3): Inflammatory markers in each group at varied treatment periods. 

Group 
TNF-α (pg/ml) CRP (µg/ml) 

0 week 6 weeks 12 weeks 0 week 6 weeks 12 weeks 

Placebo 

(n=13) 
65.92±9.25 69.0±8.18 

69.46±9.42 

* 
5.22±1.88 6.05±2.01 5.25±1.79 

Flaxseed 

(n=16) 
60.44±6.78 

61.69±9.27 

† 

61.31±8.14 

† 
5.04±2.26 

4.13±1.58 

**† 

3.09±1.45 

**† 

Melatonin 

(n=14) 
63.36±6.82 

59.43±8.23 

*† 

51.36±6.33 

**†† 
5.68±1.09 

4.85±1.01 

** 

4.06±0.92 

** 
Comparison with baseline: *= significant (P<0.05),**=highly significant (P<0.001). 

Comparison with placebo over the corresponding duration: †= significant (P<0.05), ††= highly significant (P<0.001). 

4. Conclusions 

Melatonin outperformed Flaxseed oil in terms of glycemic control and TNF-α, while Flaxseed oil outperformed 

Melatonin in terms of CRP. According to the findings, using flaxseed oil or melatonin as an adjuvant medication 

could help with diabetes management in T2DM patients via mechanisms of upregulating peripheral tissue 

responses to available insulin at receptor levels in conjunction with potent antioxidant effects. 

Acknowledgement 

For their help with this experiment and samples collection, the authors would like to thank Al-Nahrain College 

of Medicine and the all the staff members of Diabetes and Endocrinology Center. 

Conflict of Interest 
The authors declare that they have no conflict of interest. 

References 

[1] American Diabetes Association, "Association Diagnosis and Classification of Diabetes Mellitus,"Diabetes 

Care, vol.36 (Supplement 1), p. S67-S74, 2013. 

[2] F.A. Matough, S.B. Budin, Z.A. Hamid, Nasar Alwahaibi, and J. Mohamed, "The Role of Oxidative Stress 

and Antioxidants in Diabetic Complications,"Sultan Qaboos University Medical Journal, vol.12, p.5-18, 

2012.  

[3] M.S. Ellulu, I. Patimah, H. Khaza’ai, A. Rahmat, and Y.Abed,"Obesity and inflammation: the linking 

mechanism and the complications," Archives of Medical Science, vol.13, p. 851–863, 2017. 

[4] Y.Behl, P. Krothapalli, T. Desta, S. Roy, and D. T. Graves, “FOXO1 plays an important role in enhanced 

microvascular cell apoptosis and microvascular cell loss in type 1 and type 2 diabetic rats,” Diabetes, vol. 

58, p. 917–925, 2009. 

[5] Y. Yonei, A. Hattori, K. Tsutsui, M. Okawa, and B. Ishizuka, "Effects of Melatonin: Basics Studies and 

Clinical Applications,"Anti-Aging Medicine, vol.7, p. 85-91, 2010. 

[6] S.R. Pandi-Perumal, V. Srinivasan, G.J.M. Maestroni, et al., "Melatonin,Nature’s most versatile biological 

signal," FEBS Journal, vol. 273, p. 2813–2838, 2006  .  

[7] J. Lee, F. Bhora,J. Sun, G. Cheng, E. Arguiri, C. Solomides, et al.,"Dietary flaxseed enhances antioxidant 

defenses and is protective in a mouse model of lung ischemia reperfusion injury," American Journal of 

Physiology-Lung Cellular and Molecular Physiology, vol. 294, p.L255-265, 2008. 

[8] Y. Rhee and A. Brunt, "Flaxseed supplementation improved insulin resistance in obese glucose intolerant 

people: a randomized crossover design," Rhee and Brunt Nutrition Journal, vol.10, p.4, 2011. 

[9]P.Johnsson, A. Kamal-Eldin, L.N. Lundgren, and P. Aman, "HPLC method for analysis of 

secoisolariciresinoldiglucoside in Flaxseeds," Journal of Agricultural and Food Chemistry, vol.48, p.5216–

5219, 2000. 

[10] D. Barham and P.Trendoer, "An improved color reagent from the determination of blood glucose by the 

oxidative system," Analyst, vol.97, p.142 -145, 1972. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Matough%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=22375253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Budin%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22375253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamid%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=22375253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alwahaibi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22375253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohamed%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22375253
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellulu%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=28721154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patimah%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28721154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khaza%26%23x02019%3Bai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28721154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahmat%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28721154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abed%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28721154


Journal of Applied Sciences and Nanotechnology, Vol. 2, No. 1 (2022) 

 

96 

[11] T.K. Mayer and Z.R. Freedman, "Protein Glycosylation in diabetes mellitus: A review of laboratory 

measurements and of their clinical utility," ClinicaChimicaActa, vol. 127, p.147 -184, 1983. 

[12] J. Stocks and T.L.Dormandy, "The autooxidation of human red cells lipids induced by hydrogen peroxide," 

British Journal of Haematology, vol. 20, p. 95-111, 1971. 

[13] H.S. Gilbert, D.D. Stemp, and E.F. Roth, "A method to correct errors caused generation of interfering 

compounds during lipid peroxidation," Analytical Biochemistry, vol.173, p.282, 1984. 

[14] D.V. Godin, S.A.Wohaieb, M.E. Garnett, and A.D. Goumeniouk, "Antioxidant enzyme alteration in 

experimental and clinical diabetes," Molecular and Cellular Biochemistry, vol. 84, p. 223-31, 1988. 

[15] J. McCord and I. Fridowich, "Superoxide Dismutase, an enzymic function for erythrocuprein 

(hemocuprein)," Journal of Biological Chemistry, vol. 244, p. 6049–6055, 1969. 

[16] K. Conrad, W. Schössller, F. Hiepe, and M. Fritzler ,"Autoantibodies in systemic autoimmune diseases: A 

diagnostic reference," 2nd ed., Pabst Science Publishers, 2002. 

[17] D.Aderka, et al, "Shedding kinetics soluble tumour necrosis factor receptors, after systemic TNF leaking 

during isolated limb perfusion," Journal of Clinical Investigation, vol. 101, p.650-659, 1998. 

[18] B.Mitra, M. and Panja, "High sensitivity C-reactive protein: A novel biochemical markers and it's role in 

coronary artery disease," The Journal of the Association of Physicians of India, vol.53, p.25-32, 2005. 

[19] S. Kumar, V. Kumar, and O. Prakash, "Pharmacological evaluation of fractioned extracts of Callistemon 

lanceolatus for antidiabetic and hypolipidemic activities in diabetic rats," Journal of Pharmacy and Allied 

Health Sciences, vol. 1, p. 58-63, 2011. 

[20] J.L. Chiasson, R.G. Josse, J.A. Hunt, C. Palmason, N.W. Rodger, S.A. Ross, E.A. Ryan, M.H. Tan, and 

T.M. Wolever, "The efficacy of acarbose in the treatment of patients with non-insulin-dependent diabetes 

mellitus," Annals of Internal Medicine,vol.121, p. 928-35, 1994. 

[21] B. Joseph and D. Jini, "Insight into the hypoglycemic effects of traditional indian herbs used in the 

treatment of diabetes," Research Journal of Medicinal Plants, vol. 5, p. 352-376, 2011. 

[22] K. Rajagopal and K. Sasikala, "Antihyperglyceaemic and antihyperlipideamic effects of Nymphaea stellata 

in alloxan-induced diabetic rats," Singapore Medical Journal, vol. 49, p. 137-141, 2008. 

[23] F.H. Aljawad, H.M. Hashim, and B.A. Alkhafaji, "The hypoglycemic effect of some medicinal plants in 

normal and experimentally induced diabetic rabbits," Medical Journal of Babylon, vol. 2, p. 38-44, 2005. 

[24] C.G. Taylor, A.D. Noto, D.M. Stringer, S. Froese, and L.Malcolmson, "Dietary Milled Flaxseed and 

Flaxseed Oil Improve N-3 Fatty Acid Status and Do Not Affect Glycemic Control in Individuals with Well-

Controlled Type 2 Diabetes," Journal of the American College of Nutrition, vol. 29, p. 72–80, 2010. 

[25] D.E. Barre, K.A. Mizier-Barre, O. Griscti, and K. Hafez, "High dose flaxseed oil supplementation may 

affect fasting blood serum glucose management in human type 2 diabetics," Journal of Oleo Science, vol. 

57, p. 269–273, 2008.  

[26] M.D. Griffin, T.A. Sanders, I.G. Davies, L.M. Morgan, et al., "Effects of altering the ratio of dietary n-6 to 

n-3 fatty acids on insulin sensitivity, lipoprotein size, and postprandial lipemia in men and postmenopausal 

women aged 45–70 y: the  OPTILIP Study," The American Journal of Clinical Nutrition, vol. 84, p.1290–

1298, 2006. 

[27] D.E. Barre, K.A.Mizier-Barre,O. Griscti, and K. Hafez, "High dose flaxseed oil supplementation may affect 

fasting blood serum glucose, Management in human type 2 diabetics," Journal of Oleo Science, vol.57, 

p.269-273, 2008. 

[28] A. Pan, J. Sun, Y. Chen, X. Ye, H. Li, Z. Yu, et al., "Effects of a flaxseed-derived lignin supplement in type 

2 diabetic patients: a randomized, double-blind, cross-over trial," PLoS One, vol.2, p.e1148, 2007. 

[29] L.Bloedon, S.Balikai, J.Chittams, S.Cunnane, J. Berlin, D. Rader, and P. Szapary, "Flaxseed and 

cardiovascular risk factors: results from a double blind, randomized, controlled clinical trial, "Journal of the 

American College of Nutrition, vol. 27, p. 65-74, 2008. 

[30] M. H. Pourhanifeh, A. Hosseinzadeh, E. Dehdashtian, K. Hemati, and S. Mehrzadi, "Melatonin: new 

insights on its therapeutic properties in diabetic complications," Diabetology & Metabolic Syndrome, 

vol.12, 2020. 

[31] A. Conti and G.J.Maestroni, "Melatonin rhythms in mice: role in autoimmune and lymphoproliferative 

diseases," Annals of the New York Academy of Sciences, vol. 840, p. 395-410, 1998.  

[32] J. Espino, J.A. Pariente, and A. B. Rodríguez, " Role of melatonin on diabetes-related metabolic disorders," 

World Journal of Diabetes,vol.2, p.82–91, 2011. 

https://link.springer.com/article/10.1007/BF00421057#auth-Maureen_E_-Garnett
https://link.springer.com/article/10.1007/BF00421057#auth-A__D_-Goumeniouk
https://www.ncbi.nlm.nih.gov/pubmed/?term=Espino%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21860691
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pariente%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21860691
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%26%23x000ed%3Bguez%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=21860691
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3158876/


Journal of Applied Sciences and Nanotechnology, Vol. 2, No. 1 (2022) 

 

97 

[33] L.M. Williams, L.T. Hannah, C.L. Adam, and D.A. Bourke, "Melatonin receptors in red deer fetuses," 

Journal of reproduction and fertility, vol.110, p.145-151, 1997. 

[34] C. Godson and S.M. Reppert, "The Mel1a receptor is coupled to parallel signal transduction pathways," 

Endocrinology, vol.138, p. 397-404, 1997.         

[35] P. Rosen, P.P. Nawroth, G. King, W. Moller, H.J. Tritschlev, and L. Packer, "The role of oxidative stress in 

the onset and progression of diabetes and its complication," Diabetes/Metabolism Research and Reviews, 

vol. 17, p.189–212, 2001. 

[36] W. Yang, J. Fu, M. Yu, Q. Huang, D. Wang, J. Xu, et al., "Effects of flaxseed oil on anti-oxidative system 

and membrane deformation of human peripheral blood erythrocytes in high glucose level," Lipids in Health 

and Disease, vol.11, p. 88, 2012. 

[37] O. Yilmaz, Y. Ozkan, M. Yildirim, A.I. Ozturk, and Y. Ersan, " Effects of alpha lipoic acid, ascorbic acid-

6-palmitate, and fish oil on the glutathione, malonaldehyde, and fatty acids levels in erythrocytes of 

streptozotocin induced diabetic male rats,"Journal of Cellular Biochemistry, vol. 86, p.530–539, 2002. 

[38] S.R. Ross, W. Lexin, and J. Herbert, "Erythrocyte Oxidative Damage in Chronic Fatigue 

Syndrome,"Archives of Medical Research, vol. 38, p. 94–98, 2007. 

[39] Y.Z. Fang, S. Yang, and G. Wu, "Free radicals, antioxidants, and nutrition," Nutrition, vol. 18, p.872–879, 

2002. 

[40] R.A. Blanco, T.R. Ziegler, B.A. Carlson, P.Y. Cheng, Y. Park, G.A. Cotsonis, C.J. Accardi, and D.P. Jones, 

"Diurnal variation in glutathione and cysteine redox states in human plasma," The American Journal of 

Clinical Nutrition, vol.86, p. 1016–1023, 2007. 

[41] S. Aversa, S. Pellegrino, I.Barberi, R. Reiter, and E. Gitto, "Potential utility of melatonin as an antioxidant 

during pregnancy and in the perinatal period," The Journal of Maternal-Fetal & Neonatal Medicine, vol. 

25, p.207–221, 2012. 

[42] K.Kedziora-Kornatowska,K.Szewczyk-Golec, J.Czuczejko, H.Pawluk, et al., "Antioxidative effects of 

melatonin administration in elderly primary essential hypertension patients," Journal of Pineal Research, 

vol. 45, p. 312-317, 2008. 

[43] A. Wakatsuki,Y. Okatani, N. Ikenoue,K. Shinohara, K. Watanabe, and T. Fukaya, "Melatonin protects 

against oxidized low-density lipoprotein-induced inhibition of nitric oxide production in human umbilical 

artery," Journal of Pineal Research, vol. 31, p. 281-288, 2001. 

[44] H. Seegar, A.O. Mueck, and T.H. Lippert, "Effect of melatonin and metabolites on copper-mediated 

oxidation of flow density lipoprotein," British Journal of Clinical Pharmacology, vol.44, pp.283-284, 1997. 

[45] Y.J. Liang, K.G. Shyu, B.W. Wang, et al., "C-reactive protein activates the nuclear factor-kappaB pathway 

and induces vascular cell adhesion molecule-1 expression through CD32 in human umbilical vein 

endothelial cells and aortic endothelial cells," Journal of Molecular and Cellular Cardiology, vol.40, 

p.412–420, 2006. 

[46] V. Pasceri, J.S. Cheng, J.T. Willerson, et al., "Modulation of Creactive protein-mediated monocyte 

chemoattractant protein-1 induction in human endothelial cells by anti-atherosclerosis drugs," Circulation, 

vol.103, p. 2531–2534, 2001. 

[47] C. Dupasquier, E. Dibrov, A. Kneesh, P. Cheung, K. Lee, et al., "Dietary flaxseed inhibits atherosclerosis in 

the LDL receptor-deficient mouse in part through antiproliferative and anti-inflammatory actions," 

American Journal of Physiology-Heart and Circulatory Physiology, vol.293, p. H2394-2402, 2007. 

[48] J. Hallund, I. Tetens, S. Bügel, T. Tholstrup, and J. Bruun, "The effect of a lignin complex isolated from 

Flaxseed on inflammation markers in healthy postmenopausal women," Nutrition Metabolism and 

Cardiovascular Diseases, vol. 18, p.497-502, 2008. 

[49] S. Fukumitsu, K. Aida, N. Ueno, S. Ozawa, Y. Takahashi, and M. Kobori, "Flaxseed lignan attenuates high-

fat diet-induced fat accumulation and induces adiponectin expression in mice," British Journal of Nutrition, 

vol. 100, p. 669-676, 2008. 

[50] G. Paschos, N. Yiannakouris, L. Rallidis, I. Davies, B. Griffin,  et al., "Apolipoprotein E genotype in 

dyslipidemic patients and response of blood lipids and inflammatory markers to alpha-linolenic acid," 

Angiology, vol. 56, p. 49-60, 2005. 

[51] A. Agil, R.J. Reiter,A.Jimenez-Aranda, R. Iban-Arias, et al.,"Melatonin ameliorates low-grade 

inflammation and oxidative stress in young Zucker diabetic fatty rats," Journal of Pineal Research, vol.54, 

p. 381–388, 2013. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiy1_uskfLxAhXggf0HHdEcBq4QFjACegQIHRAD&url=https%3A%2F%2Fwww.researchgate.net%2Fjournal%2FJournal-of-reproduction-and-fertility-Supplement-0449-3087&usg=AOvVaw0t9M4yX7Y3FQQGocTgTP6k
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiy1_uskfLxAhXggf0HHdEcBq4QFjACegQIHRAD&url=https%3A%2F%2Fwww.researchgate.net%2Fjournal%2FJournal-of-reproduction-and-fertility-Supplement-0449-3087&usg=AOvVaw0t9M4yX7Y3FQQGocTgTP6k
http://www.ncbi.nlm.nih.gov/pubmed?term=Kedziora-Kornatowska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18363674
http://www.ncbi.nlm.nih.gov/pubmed?term=Szewczyk-Golec%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18363674
http://www.ncbi.nlm.nih.gov/pubmed?term=Czuczejko%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18363674
http://www.ncbi.nlm.nih.gov/pubmed?term=Pawluk%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18363674
http://www.ncbi.nlm.nih.gov/pubmed?term=Wakatsuki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11589764
http://www.ncbi.nlm.nih.gov/pubmed?term=Okatani%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11589764
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikenoue%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11589764
http://www.ncbi.nlm.nih.gov/pubmed?term=Shinohara%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11589764
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11589764
http://www.ncbi.nlm.nih.gov/pubmed?term=Fukaya%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11589764
http://www.ncbi.nlm.nih.gov/pubmed?term=Seegar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9296323
http://www.ncbi.nlm.nih.gov/pubmed?term=Mueck%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=9296323
http://www.ncbi.nlm.nih.gov/pubmed?term=Lippert%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=9296323
https://journals.physiology.org/journal/ajpheart
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiM0urQmvLxAhXkgv0HHeH2BVMQFjACegQIAxAD&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fnutrition-metabolism-and-cardiovascular-diseases&usg=AOvVaw0Rg2R5-NQCsiOPvuqllXh6
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiM0urQmvLxAhXkgv0HHeH2BVMQFjACegQIAxAD&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fnutrition-metabolism-and-cardiovascular-diseases&usg=AOvVaw0Rg2R5-NQCsiOPvuqllXh6
http://www.ncbi.nlm.nih.gov/pubmed?term=Agil%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23020082
http://www.ncbi.nlm.nih.gov/pubmed?term=Reiter%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=23020082
http://www.ncbi.nlm.nih.gov/pubmed?term=Jim%C3%A9nez-Aranda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23020082
http://www.ncbi.nlm.nih.gov/pubmed?term=Ib%C3%A1n-Arias%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23020082


Journal of Applied Sciences and Nanotechnology, Vol. 2, No. 1 (2022) 

 

98 

[52] F. Radogna, M. Diederich, and L. Ghibelli, "Melatonin: a pleiotropic molecule regulating inflammation. 

BiochemPharmacol," vol.80, p. 1844–1852, 2010. 

[53] F. Raygan, V. Ostadmohammadi, F. Bahmani, R.J. Reiter, and Z. Asemi, "Melatonin administration lowers 

biomarkers of oxidative stress and cardio-metabolic risk in type 2 diabetic patients with coronary heart 

disease: a randomized, double-blind, placebo-controlled trial," Clinical Nutrition, vol.38, p. 191-196, 2019. 

[55] C. Veneroso, M.J. Tun˜on, J. Gonzalez-Gallego, et al., "Melatonin reduces cardiac inflammatory injury 

induced by acute exercise," Journal of Pineal Research, vol. 47, pp. 184–191, 2009. 

[54] G. Bekyarova, S. Tancheva, and M. Hristova, "Protective effect of melatonin against oxidative hepatic 

injury after experimental thermal trauma," Methods and Findings in Experimental and Clinical 

Pharmacology, vol. 31, p. 11–14, 2009. 

[56] V. Motilva, S. Garcia-Maurino, E. Talero, et al., "New paradigms in chronic intestinal inflammation and 

colon cancer: role of melatonin," Journal of Pineal Research, vol.51, pp. 44–60, 2011. 

[57] K. Iiyama, L. Hajra, M. Iiyama, et al., "Patterns of vascular cell adhesion molecule-1 and intercellular 

adhesion molecule-1 expression in rabbit and mouse atherosclerotic lesions and at sites predisposed to 

lesion formation," Circulation Research, vol. 85, p.199–207, 1999. 
[58] L.M.A. Alia, S. A. Shakera, R. Pinolc, A. Millanc, M. Y. Hanafya, et al., "Effect of superparamagnetic iron 

oxide nanoparticles on glucose homeostasis on type 2 diabetes experimental model," Life Sciences, vol.245, 
p. 117361, 2020,  

[59] R. Huseen, A. Taha, O.Abdulhusein, "Study of Biological Activities of Magnetic Iron Oxide Nanoparticles 
Prepared by Co-Precipitation Method," Journal of Applied Sciences and Nanotechnology, vol.1, p.37-48, 
2021. 

[60] N. Hussein, M.M. Khadum, "Evaluation of the Biosynthesized Silver Nanoparticles’’ Effects on Biofilm 
Formation," Journal of Applied Sciences and Nanotechnology,vol.1, p. 23-31, 2021. 

[61] S. Sharifi, S. Daghighi, M. M. Motazacker, B. Badlou, B. Sanjabi, et al., "Superparamagnetic iron oxide 
nanoparticles alter expression of obesity and T2D-associated risk genes in human adipocytes," Scientific 
Reports, vol. 3, p. 2173, 2013. 

 
 

 

https://www.sciencedirect.com/science/journal/00243205/245/supp/C
https://jasn.uotechnology.edu.iq/article_11635.html
https://jasn.uotechnology.edu.iq/article_11635.html
https://jasn.uotechnology.edu.iq/article_11635.html
https://jasn.uotechnology.edu.iq/article_11019.html

