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Abstract: Chronic metabolic disorders like diabetes mellitus, which is typified by persistent 

hyperglycemia, can have a detrimental effect on a patient's quality of life and increase 

mortality rates. Complications include renal failure, systemic inflammation, and 

cardiovascular diseases are common. Because poor protein synthesis and glucose 

metabolism increase the risk of subsequent difficulties, co-occurring hyperthyroidism in 

diabetes individuals exacerbates glucose management even more. Plasma protein levels 

can be dramatically affected by the dysregulation of proteins, such as albumin and 

globulin, which are essential for many physiological processes and can be dysregulated in 

diseases including diabetes and hyperthyroidism. By comparing the levels of total protein, 

albumin, globulin, and oxidative stress biomarkers, such as free amines, thiols, and 

carbonyls, in diabetic patients with and without hyperthyroidism to healthy controls, this 

study investigates the molecular pathways causing diabetes complications. Significant 

differences in oxidative stress and protein indicators are found in these patients, which 

sheds light on the biochemical abnormalities they have and opens up new therapy options 

that target oxidative stress and protein metabolism. 

 

Keywords: Diabetes Mellitus, Hyperthyroidism, Oxidative Stress, Protein Metabolism, 

Glycation, Reactive Oxygen Species (ROS). 

 

1. INTRODUCTION 

 

Chronic metabolic disease known as diabetes mellitus is mostly characterized by persistent 

hyperglycemia, which can be caused by insulin resistance or insufficiency [1]. This illness 

can cause a number of consequences, including systemic inflammation, renal failure, and 
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cardiovascular illnesses, which can have a major negative impact on quality of life and raise 

mortality rates [2]. Chronic hyperglycemia in diabetes can cause problems, mostly from 

inflammation and metabolic disruptions that impact the kidneys, heart, nerves, eyes, and 

blood vessels [3]. Renal insufficiency, neuropathy, and cardiovascular disorders are common 

consequences. Diabetes management is even more difficult when hyperthyroidism coexists 

because thyroid hormones further impair protein synthesis and glucose metabolism [4]. This 

combination makes diabetes patients' glucose control worse and increases their likelihood of 

developing new problems [5]. Proteins are vital macromolecules that carry out a wide range 

of tasks in the human body, including antioxidant activity, metabolite transportation, and 

osmotic pressure maintenance. Because they are involved in so many physiological 

processes, albumin and globulin stand out among these proteins [6].  

 

The regulation of protein metabolism can be upset in diseases including diabetes and 

hyperthyroidism, which can result in significant changes in plasma protein levels. This 

dysregulation has serious consequences for patient health and contributes to conditions like 

nephropathy and cardiovascular disease [7]. It is not only a biochemical aberration. The 

albumin/globulin (A/G) ratio is a useful biomarker for evaluating systemic inflammation and 

liver function. It also helps identify underlying inflammatory processes that could aggravate 

pre-existing diseases and provides information about patients' overall metabolic status. 

Gaining insight into these connections is essential to enhancing patient outcomes for people 

with long-term metabolic diseases [8]. 

It is becoming more widely acknowledged that oxidative stress plays a major role in the 

etiology of a number of metabolic diseases, such as diabetes and hyperthyroidism. This 

disorder is caused by an imbalance between the generation of reactive oxygen species (ROS) 

and antioxidant defenses, which damages and malfunctions cells. When diabetes is present, 

oxidative stress plays a role in the build-up of advanced glycation end products (AGEs), 

which worsen insulin resistance and other metabolic problems [9]. Research has 

demonstrated that increased plasma concentrations of thiols, free amines, and carbonyl 

compounds are indicators for oxidative damage, indicating weakened antioxidant defenses in 

afflicted individuals [10]. These metabolic illnesses and oxidative stress interact, 

underscoring the need for a more thorough comprehension of their underlying mechanisms. 

For example, increased ROS generation linked to hyperthyroidism may exacerbate insulin 

sensitivity and play a role in the development of thyroid diabetes [11].  

 

Therefore, investigating the connection between hyperthyroidism, diabetes, and oxidative 

stress is essential for creating treatment approaches that effectively reduce oxidative damage 

and enhance patient outcomes [12].This study intends to examine the levels of total protein, 

albumin, globulin, free amines, thiols, and carbonyls in the plasma of diabetic patients, with 

and without hyperthyroidism, and compare them with healthy individuals, given the growing 

interest in understanding the molecular mechanisms underlying diabetes complications. The 

goal of the study is to determine the degree of oxidative stress and protein malfunction in 

these conditions by looking at these indicators. This information may help develop future 

treatment plans for diabetes and its consequences. 
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2. RELATED WORKS 

  

[13] concluded that there was no significant difference in carbonyl levels; however, 

significant differences were observed in total protein, albumin, globulin, albumin/globulin 

ratio (AGR), free amino acids, free amino/total protein ratio, thiol levels, and thiol/total 

protein ratio, as well as carbonyl/total protein levels across all studied groups. Correlation 

analysis revealed significant positive relationships between total protein and globulin, AGR 

and albumin, and free amino acids and albumin. Conversely, significant negative correlations 

were found between total protein and AGR, as well as AGR and globulin in the context of 

diabetic complications. The findings suggest that oxidation markers may be relevant for 

monitoring diabetic complications. [14] The objective of their study was to ascertain how 

people without diabetes who have overt hyperthyroidism was affected by their thyroid 

condition and if these alterations in HbA1c are reversed once they reach euthyroid ity. 

Without a change in glucose levels. These levels sharply dropped when they achieved 

euthyroidism. Patients with hyperthyroidism did not show any significant changes at baseline 

or after therapy. [15] investigated how natural compounds can prevent protein glycation and 

came to the conclusion It has been discovered that several natural substances, particularly 

polyphenols, effectively prevent protein glycation in vitro. Their bioavailability issues make 

their activity in vivo more challenging. However, there are certain advantages to using 

natural antioxidants to counteract the effects of excessive glycation. There is reason to 

believe that natural substances used as food additives may avoid the negative consequences 

of protein glycation and, thus, postpone aging, even if their mechanisms of action may extend 

beyond direct prevention of glycation. Limiting the amount of AGE in the meal may be 

another helpful strategy.  

 

Thiols are known to be one of the primary protective mechanisms of the body against 

oxidative stress. They have been shown to play important roles in enzymatic reactions, 

programmed cell death, detoxification, and antioxidant protection within the body. Numerous 

studies have demonstrated alterations in thiol status and the thiol/disulfide balance in various 

diseases, including gastrointestinal, respiratory, reproductive, urinary, metabolic disorders, 

and cancer. This also indicates that thiol status is critical in the etiology of diseases resulting 

from oxidative stress [39]. The carbonyl results are consistent with the findings of Bora and 

Adole [40], who studied cardiovascular diseases and the Fenton reaction in vitro on human 

albumin, confirming the antioxidant activity in patients with human albumin. Disruption in 

the concentration of carbonyls and carbonyl/human albumin-like proteins may result from 

oxidative stress and inflammation in patients. 

 

3. METHODOLOGY  

 

Patient Sample Collection and Study Duration 

This study included collecting blood samples from 120 diabetes mellitus patients, including 

40 with hyperthyroidism, 40 with hypothyroidism, and 40 without thyroid issues, aged 20-70, 

from various hospitals in Kirkuk. Additionally, 50 samples from healthy individuals of the 
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same age range were included. The research was conducted in Kirkuk between November 

2023 and April 2024. 

 

Blood Sample Collection 

Five milliliters of venous blood were collected from each participant after consent. Two 

milliliters were placed in an EDTA tube for glycated hemoglobin analysis via 

immunofluorescence. The rest was used for serum extraction, centrifuged at 3000 rpm for 10 

minutes. The serum was stored at -20°C for measuring triiodothyronine, thyroxine, thyroid-

stimulating hormone, liver enzymes, and viral hepatitis markers. 

 

Estimation of Total Protein, Albumin, Free Amino Groups, Thiol Groups, and 

Carbonyl Groups in all Studied Groups 

The total protein level in plasma samples was determined using the Lowry method [16], with 

bovine serum albumin (BSA) as the standard. The albumin level was determined using the 

Bromo Cresol Green method [17]. The spectrophotometric estimation of free amino groups 

was performed according to the method of [18]. The estimation of thiol groups was 

performed according to Ellman's method [19]. The carbonyl group in the protein was 

estimated using the method by Levine et al.[20]. 

 

Purification of Albumin 

Albumin was purified from plasma using ammonium sulfate precipitation according to a 

modified procedure by Jovanović [21]. 

 

Estimation of Glycation Levels in Crude and Partially Purified Human Serum Albumin 

(HAS) 

Glycation levels were measured using the thiobarbituric acid (TBA) method as described by 

[22]. 

Figures (1, 2, and 3) show the standard curves for the estimation of total protein, free amino 

groups, and glycation, respectively. 

 

 
Fig. 1. Standard curve of total protein estimation. 

y = 0.569x - 0.0238

R² = 0.9868

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.2 0.4 0.6 0.8 1 1.2

A
b

s 
4

8
0

 n
m

Concetration BSA (gm/dl)

Total Protein Standard Curve

http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.46.46.58
http://creativecommons.org/licenses/by/4.0/


Journal of Prevention, Diagnosis and Management of Human Diseases   

ISSN: 2799-1202 
Vol: 04, No. 06, Oct-Nov 2024 

http://journal.hmjournals.com/index.php/JPDMHD 

DOI: https://doi.org/10.55529/jpdmhd.46.46.58 

 

 

 

 

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY 

license.(http://creativecommons.org/licenses/by/4.0/)                                                             50 

 
Fig. 2. Standard curve of free amine concentration. 

 

 
Fig. 3. Standard curve for the estimation of glycation concentration. 

 

4. RESULTS AND DISCUSSIONS 
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Table 1. presents the levels of total protein (TP), albumin, globulin, and the albumin/globulin 
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groups. The patient group was divided into a diabetes group and a group with both diabetes 

and hyperthyroidism, compared to healthy individuals. The results showed a significant 

increase in total protein concentration in the diabetes group (9.39 ± 0.468) compared to the 

diabetes with hyperthyroidism group (4.90 ± 0.12) and the healthy group (6.60 ± 0.29). 

Additionally, a significant increase in albumin concentration was observed in the diabetes 

group (6.126 ± 0.312) compared to the diabetes with hyperthyroidism group (1.240 ± 0.41) 

and the healthy group (4.90 ± 0.127). Furthermore, there was a significant increase in 

globulin concentration in the diabetes with hyperthyroidism group (3.66 ± 0.39) compared to 

the diabetes group (3.294 ± 0.36) and the healthy group (2.53 ± 0.34). The results also 
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revealed a significant increase in the albumin/globulin ratio in the diabetes group (1.87 ± 

0.18) compared to the diabetes with hyperthyroidism group (0.3585 ± 0.21) and the healthy 

group (1.632 ± 0.21). 

 

Table 1. Total protein, albumin, globulin, and albumin/globulin ratio in the plasma of diabetic 

patients, diabetic patients with hyperthyroidism, and healthy individuals. 

Parameters 
Control 

(Mean ± SD) 

Diabetes 

(Mean ± SD) 

Diabetes & Hyperthyroidism 

(Mean ± SD) 

TP(gm/dl) 6.606 ± 0.2921 9.397 ± 0.4682a 4.903 ± 0.1274a,b 

Albumin(gm/dl) 4.903 ± 0.1274 6.126 ± 0.3120a 1.240 ± 0.4140a,b 

Globulin(gm/dl) 2.534 ± 0.3444 3.294 ± 0.3686a 3.663 ± 0.3957a,b 

Albumin/Globulin 

ratio 
1.632 ± 0.2165 1.877 ± 0.1876a 0.3585 ± 0.2173a,b 

 

Proteins exist as enzymes, hormones, and antibodies, and they also maintain osmotic pressure 

balance in the blood. Albumin is one of the most abundant components in human plasma 

[23]. The results of this study may be attributed to elevated glucose levels in patients, as the 

normal filtration process in the kidneys is altered, leading to the accumulation of toxic waste 

and significant losses of total protein, albumin, and globulin in the urine. This is why albumin 

and globulin levels are low in patients with diabetes complications and hyperthyroidism [24]. 

Albumin and globulin function as transport proteins and biomarkers in the context of diabetes 

complications [25]. Albumin constitutes over 50% of plasma proteins and is synthesized by 

the liver. Its physiological functions include regulating osmotic pressure, transporting 

nutrients, fatty acids, bilirubin, cholesterol, and drugs in the bloodstream, and waste removal 

[23]. Studies have shown that albumin plays a crucial role in the antioxidant capacity of 

blood plasma against free radicals [26]. The albumin-to-globulin ratio (AGR) was also 

measured, which can provide insights into bodily issues [27]. This representative parameter 

can be easily measured and at a low cost. Generally, albumin and globulin are primarily 

produced by liver cells [28]. The results regarding total protein, albumin, globulin levels, and 

the albumin-to-globulin ratio were consistent with findings by Abd [29], who studied these 

parameters in cases of beta-thalassemia. Additionally, the total protein results were also 

consistent with those of Azeez [30], who examined these parameters in breast cancer patients 

and diabetic nephropathy, respectively. Individuals with hyperthyroid diabetes have lower 

albumin levels. The most straightforward explanation for this is inflammation, which is 

associated with decreased albumin concentration and increased risk of cardiovascular 

diseases. Several hypotheses have been proposed to explain the mechanisms that may help 

clarify the relationship between low serum albumin levels and heightened risk of 

cardiovascular diseases. When systemic inflammation occurs, the liver produces serum 

albumin, which is considered a negative acute-phase protein. However, the liver also 

produces other acute-phase proteins in addition to human albumin [31]. Another mechanism 

is that a decrease in plasma albumin concentration, which cannot be detected and captured by 

C-reactive protein (CRP), reflects increased vascular permeability during inflammatory 

processes. Fluid redistribution to the interstitial space can lead to significant and rapid 

changes in plasma albumin concentration. Furthermore, multiple factors influence the 
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reduction of albumin concentration in individuals who also suffer from diabetes and 

cardiovascular diseases. First, diabetes may result in decreased hepatic albumin production 

[32]. Second, processes related to glycated albumin formation can lead to lower albumin 

levels. Glycated albumin acts as a precursor for advanced glycation end products (AGEs), 

which induce oxidative stress and inflammation and have an aberrant ability to bind to 

various ligands. Additionally, there is evidence that glycated albumin (and other glycosylated 

proteins) elicits an immune response that results in reduced albumin concentration, and 

increased oxidative stress has been linked to the development of insulin resistance and 

diabetes. Third, as previously mentioned, inflammation plays a role in the progression of 

diabetes. Finally, hazardous waste accumulates due to excessive glucose concentration and 

the natural filtration process of the kidneys. Furthermore, urine loses a significant amount of 

albumin [33]. 

 

Estimation of Free Amine and Free Amine/TP Levels in the Plasma of all Studied 

Groups 

The results in Table 2. represent free amine and free amine/TP levels expressed as (mean ± 

standard deviation) in units of (mmol/L) in the plasma of the studied groups. The results 

showed a significant increase in free amine concentration in the diabetic group, reaching 

(55.29 ± 2.35) compared to the diabetic and hyperthyroid group (48.48 ± 1.45) and the 

healthy group (32.24 ± 1.18). The results also indicated a significant increase in free 

amine/TP concentration in the diabetic group, reaching (9.891 ± 0.34) compared to the 

diabetic and hyperthyroid group (5.89 ± 0.36) and the healthy group (4.887 ± 0.29). 

 

Table 2. Levels of free amine and free amine/TP in the plasma of all studied groups. 

Parameters 
Control 

(Mean ± SD) 

Diabetes 

(Mean ± SD) 

Diabetes & 

Hyperthyroidism 

(Mean ± SD) 

Free amino (mmole/L) 32.24 ± 1.184 55.29  ± 2.359a 48.48 ± 1.450a,b 

Free amino/TP 

(mmole/gm) 
4.887 ± 0.2980 5.893 ± 0.3660a 9.891 ± 0.3472a,b 

 

The results indicated a significant increase (p≤0.05) in the levels of amines and free 

amine/TP in diabetic patients. These findings were consistent with those reported by Li et al. 

[34] and the study by Noah [35], where they also found increases in the concentrations of free 

amino acids and free amino acids/total protein in patients suffering from diabetes and 

cardiovascular diseases, respectively. The rise in amines and free amines/TP may be a result 

of increased concentrations of branched-chain amino acids (BCAAs) and central nervous 

system (Acyl CNsO) associated with fatty acids in diabetic patients [36]. Branched-chain 

amino acid (BCAA) levels increase in cases of fasting and diabetes; however, the etiology of 

the disease has not been elucidated. It has been shown that BCAA metabolism primarily 

occurs in muscles due to the high activity of BCAA aminotransferase, which converts 

BCAAs and α-ketoglutarate (α-KG) into branched-chain keto acids (BCKAs) and glutamate. 

The loss of α-KG from the acid cycle (metabolism) is mitigated by the conversion of 

glutamate back to α-KG in the alanine aminotransferase and aspartate aminotransferase 
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reactions, where glycolysis serves as the main source for the amino group acceptors, pyruvate 

and oxaloacetate. The irreversible oxidation of BCKA by dehydrogenase is sensitive to 

BCKA supply and the ratios of NADH to NAD+ and acyl-CoA to CoA-SH. It is suggested 

that reduced glycolysis and increased fatty acid oxidation, characteristics of fasting and 

diabetes, cause changes in muscle leading to elevated BCAA levels. The main changes 

include (a) impaired BCAA transport due to reduced supply of amino group acceptors (α-KG, 

pyruvate, and oxaloacetate) and (b) the inhibitory effect of NADH and acyl-CoAs produced 

in fatty acid oxidation on the citric acid cycle [37]. 

 

Estimation of Thiol, Thiol/TP, Carbonyl, and Carbonyl/TP Levels in the Plasma of 

Studied Groups 

The results in Table 3. show the levels of thiol and thiol/TP expressed as (mean ± standard 

deviation) in units of (nanomole/mL) in the plasma of the studied groups. The results 

demonstrated a significant increase in thiol concentration in the diabetic group, which was 

(36.91 ± 0.463) compared to the diabetic and hyperthyroid group (35.52 ± 0.45) and the 

healthy group (22.01 ± 0.65). The results also indicated a significant increase in the 

concentration of thiol/TP in the diabetic and hyperthyroid group, which was (7.251 ± 0.17) 

compared to the diabetic group (3.934 ± 0.19) and the healthy group (3.329 ± 0.14). 

Additionally, the results in Tables (3) showed the levels of carbonyl and carbonyl/TP 

expressed as (mean ± standard deviation) in units of (mmol/L) in the plasma of the studied 

groups. The results demonstrated a significant decrease in carbonyl concentration in the 

diabetic and hyperthyroid group, which was (76.84 ± 1.13) compared to the diabetic group 

(78.18 ± 1.40) and the healthy group (82.59 ± 1.85). The results indicated a significant 

increase in the concentration of carbonyl/TP in the diabetic and hyperthyroid group, which 

was (15.81 ± 0.74) compared to the diabetic group (8.337 ± 0.45) and the healthy group 

(12.52 ± 0.51). 

 

Table 3. Levels of thiol and thiol/total protein, carbonyl and carbonyl/ total protein in all 

studied groups. 

Parameters 
Control 

(Mean ± SD) 

Diabetes 

(Mean ± SD) 

Diabetes & 

Hyperthyroidism 

(Mean ± SD) 

Thiol(nmole/ml) 22.01 ± 0.6585 36.91 ± 0.4638a 35.52 ± 0.4556a,b 

Thiol/TP(nmole/gm) 3.329 ± 0.1463 3.934 ± 0.1900a 7.251 ± 0.1753a,b 

Carbonyl(mmole/L) 82.59 ± 1.856 78.18 ± 1.404a 76.84 ± 1.130a,b 

Carbonyl/TP(mmole/gm) 12.52 ± 0.5105 8.337 ± 0.4576a 15.81 ± 0.7466a,b 

 

The thiol results align with the study by Pullalah et al. [38]. The elevated thiol levels in 

diabetic patients can be attributed to the protective role of antioxidants in these conditions, as 

this group of patients is at significant risk of tissue oxidation due to compromised plasma 

antioxidant defenses. Among all antioxidants present in the body, thiols constitute the largest 

portion of the total antioxidants and play a crucial role in defending against reactive oxygen 

species. Oxidative stress effects arise from oxidative damage to macromolecules and cell 

membranes, alongside the disruption of metabolic activities in cellular components within 
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living organisms. It is well established that organ and tissue diseases occur when oxidative 

stress is excessive in the body. Persistent hyperglycemia and inhibition of metabolic enzymes 

and detoxification lead to excessive synthesis of carbonyl compounds, resulting in carbonyl 

stress [41]. 

 

Purification of Plasma Albumin from Patients with Diabetes, Hyperglycemia, and 

Hyperthyroidism 

Albumin was purified using the ammonium sulfate precipitation method, and the results have 

been summarized in Table 4. below: 

 

Table 4. Methods for purifying albumin in the plasma of diabetic patients, hyperglycemia, 

and hyperthyroidism. 

Samples Volum (ml) Albuman in diabetes Yield% 

Crude serum 5ml 6.375 100% 

Pellet (AS) 85% 5ml 5.519 86% 

Samples Volum (ml) Albumin in diabetes& thyperthyroidism Yield% 

Crude serum 5ml 1.519 100% 

Pellet (AS) 85% 5ml 1.061 93% 

 

The human albumin serum indicated through ammonium sulfate precipitation that the 

precipitate obtained from diabetic patients suffering from hyperthyroidism and diabetes was 

(93%) and (86%), respectively, compared to the controls after precipitation, which was 

(85%). Levels of glycation in human serum albumin after incubation with vitamins C and B2 

are shown in Table 5 . 

 

Table 5. shows the levels of glycation in human serum albumin after incubation with 

vitamins C and B2. 

Groups 
Glycation Conc. mmol/mg protein 

(Mean ± SD) 

HSA- AGE in patients before inhibition 258.3 

Vitamin C (0.00001) 113.3 

Vitamin C (0.00005) 86.5 

Vitamin C (0.0001) 63.7 

Vitamin B2 (0.00001) 123.3 

Vitamin B2 (0.00005) 96.5 

Vitamin B2 (0.0001) 71.6 

 

The level of glycation decreases with increasing levels of ascorbic acid over time. This study 

confirmed that ascorbic acid affects protein glycation. Ascorbic acid is a compound with two 

ionizable hydroxyl groups (pKa₁=11.8, pKa₂=4.25), which appear as ascorbate anions at 

physiological pH. The hydroxyl group present in ascorbic acid exhibits a strong interaction 

with the amino group of proteins [42]. The mechanism by which ascorbic acid inhibits 

protein glycation is highly complex [43]. Numerous previous observations suggest that 
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ascorbic acid can compete with glucose for binding to proteins and inhibit their glycation 

[44]. The results indicated that ascorbic acid inhibits protein coagulation under different 

conditions when present at <80% (184), and Davie et al. [45] found that ascorbic acid can 

also inhibit hemoglobin coagulation. Furthermore, Kim et al. [46] reported that glycosylated 

albumin produced by antioxidants such as ascorbic acid reduces cellular toxicity and cell 

death in cultured bovine retinal pericytes. The levels of ascorbic acid used in this study are 

consistent, and it interacts with glycoproteins, positively impacting the reduction of chronic 

levels in plasma [47]. It was found that vitamin C is a stronger inhibitor than vitamin B2. 

 

5. CONCLUSIONS 

 

The study found substantial differences in total protein, albumin, globulin levels, and 

albumin/globulin ratios in diabetic individuals, particularly those with concurrent 

hyperthyroidism. The findings show that the observed protein imbalances are linked to 

kidney dysfunction, inflammation, and oxidative stress, all of which are associated with 

diabetes and cardiovascular disease. Increased levels of branched-chain amino acids 

(BCAAs), free amines, and thiols in diabetic patients emphasize the role of oxidative stress 

and inflammation in disease progression.  Additionally, albumin glycation is influenced by 

antioxidant vitamins, particularly ascorbic acid, which plays a protective function against 

protein degradation. These findings highlight the need of tracking protein levels and 

oxidative indicators in order to better understand disease causes and the effectiveness of 

therapeutic approaches in diabetes and hyperthyroidism. 

 

6. REFERENCES 
 

1. Hameed, I., Masoodi, S. R., Mir, S. A., Nabi, M., Ghazanfar, K., & Ganai, B. A. 

(2015). Type 2 diabetes mellitus: from a metabolic disorder to an inflammatory 

condition. World journal of diabetes, 6(4), 598. https://doi.org/10.4239/wjd.v6.i4.598. 

2. American Diabetes Association. (2014). Diagnosis and classification of diabetes 

mellitus. Diabetes care, 37(Supplement_1), S81-S90. https://doi.org/10.2337/dc14-

S081. 

3. Behera, S., & Behera, S. (2019). A clinical investigational study on safety and effective 

management of type-2 diabetes mellitus patients by using sitagliptin. International 

Journal of Advances in Medicine, 6(5), 1672. https://doi.org/10.18203/2349-

3933.ijam20194241. 

4. Deepthi, B., Sowjanya, K., Lidiya, B., Bhargavi, R. S., & Babu, P. S. (2017). A modern 

review of diabetes mellitus: an annihilatory metabolic disorder. Journal of In Silico & 

In Vitro Pharmacology, 3(1). https://doi.org/10.21767/2469-6692.100014. 

5. Khaleel, M. A. (2022). Self-Care Management in Patients Diagnosed with Diabetes 

Mellitus Attended Primary Health Care Facilities in Baghdad. HIV Nursing, 22(2), 

1486-1495. https://doi.org/10.31838/hiv22.02.284. 

6. Zainal, G. (2021). Investigation of antioxidant markers in diabetic patients. Archives of 

Razi Institute, 76(5), 1453. https://doi.org/10.22092%2Fari.2021.355755.1717. 

http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.46.46.58
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4239/wjd.v6.i4.598
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.18203/2349-3933.ijam20194241
https://doi.org/10.18203/2349-3933.ijam20194241
https://doi.org/10.21767/2469-6692.100014
https://doi.org/10.31838/hiv22.02.284
https://doi.org/10.22092%2Fari.2021.355755.1717


Journal of Prevention, Diagnosis and Management of Human Diseases   

ISSN: 2799-1202 
Vol: 04, No. 06, Oct-Nov 2024 

http://journal.hmjournals.com/index.php/JPDMHD 

DOI: https://doi.org/10.55529/jpdmhd.46.46.58 

 

 

 

 

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY 

license.(http://creativecommons.org/licenses/by/4.0/)                                                             56 

7. Biondi, B., Kahaly, G. J., & Robertson, R. P. (2019). Thyroid dysfunction and diabetes 

mellitus: two closely associated disorders. Endocrine reviews, 40(3), 789-824. 

https://doi.org/10.1210/er.2018-00163. 

8. Wang, J., Liu, F., Kong, R., & Han, X. (2022). Association between globulin and 

diabetic nephropathy in type2 diabetes mellitus patients: a cross-sectional study. 

Frontiers in Endocrinology, 13, 890273. https://doi.org/10.3389/fendo.2022.890273. 

9. Fasciolo, G., Napolitano, G., Aprile, M., Cataldi, S., Costa, V., Muscari Tomajoli, M. 

T., ... & Venditti, P. (2023). Muscle oxidative stress plays a role in hyperthyroidism-

linked insulin resistance.  Antioxidants, 12(3), 592. https://doi.org/10.3390/an 

tiox12030592. 

10. Macvanin, M. T., Gluvic, Z., Zafirovic, S., Gao, X., Essack, M., & Isenovic, E. R. 

(2023). The protective role of nutritional antioxidants against oxidative stress in thyroid 

disorders. Frontiers in endocrinology, 13, 1092837. https://doi.org/10.3389/fend 

o.2022.1092837. 

11. Kochman, J., Jakubczyk, K., Bargiel, P., & Janda-Milczarek, K. (2021). The influence 

of oxidative stress on thyroid diseases. Antioxidants, 10(9), 1442. https://doi.org/10.3 

390/antiox10091442. 

12. Omoruyi, F., Dilworth, L., & Facey, A. (2021). Diabetes Mellitus and Its Metabolic 

Complications: The Role of Adipose Tissues. https://doi.org/10.3390/ijms22147644. 

13. Zainal, G. (2021). Investigation of antioxidant markers in diabetic patients. Archives of 

Razi Institute, 76(5), 1453. 

14. Bhattacharjee, R., Thukral, A., Chakraborty, P. P., Roy, A., Goswami, S., Ghosh, S., … 

& Chowdhury, S. (2017). Effects of thyroid status on glycated hemoglobin. Indian 

journal of endocrinology and metabolism, 21(1), 26-30. 

15. Sadowska-Bartosz, I., & Bartosz, G. (2015). Prevention of protein glycation by natural 

compounds. Molecules, 20(2), 3309-3334. 

16. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin 

phenol reagent. J biol Chem. 1951;193(1):265–75.  

17. Müller K, Brunnberg L. Determination of plasma albumin concentration in healthy and 

diseased turtles: a comparison of protein electrophoresis and the bromcresol green dye‐

binding method. Vet Clin Pathol. 2010;39(1):79–82. https://doi.org/10.1111/j.1939-

165X.2009.00177.x. 

18. Zaia DAM, Barreto WJ, Santos NJ, Endo AS. Spectrophotometric method for the 

simultaneous determination of proteins and amino acids with p-benzoquinone. Anal 

Chim Acta. 1993;277(1):89–95. https://doi.org/10.1016/0003-2670(93)85093-Y. 

19. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959;82(1):70–7.  

20. Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz AG, et al. [49] 

Determination of carbonyl content in oxidatively modified proteins. In: Methods in 

enzymology. Elsevier; 1990. p. 464–78. https://doi.org/10.1016/0076-6879(90)86141-

H. 

21. Jovanović VB, Penezić-Romanjuk AZ, Pavićević ID, Aćimović JM, Mandić LM. 

Improving the reliability of human serum albumin-thiol group determination. Anal 

Biochem. 2013;439(1):17–22. https://doi.org/10.1016/j.ab.2013.03.033. 

http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.46.46.58
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1210/er.2018-00163
https://doi.org/10.3389/fendo.2022.890273
https://doi.org/10.3390/an%20tiox12030592
https://doi.org/10.3390/an%20tiox12030592
https://doi.org/10.3389/fend%20o.2022.1092837
https://doi.org/10.3389/fend%20o.2022.1092837
https://doi.org/10.3%20390/antiox10091442
https://doi.org/10.3%20390/antiox10091442
https://doi.org/10.3390/ijms22147644
https://doi.org/10.1111/j.1939-165X.2009.00177.x
https://doi.org/10.1111/j.1939-165X.2009.00177.x
https://doi.org/10.1016/0003-2670(93)85093-Y
https://doi.org/10.1016/0076-6879(90)86141-H
https://doi.org/10.1016/0076-6879(90)86141-H
https://doi.org/10.1016/j.ab.2013.03.033


Journal of Prevention, Diagnosis and Management of Human Diseases   

ISSN: 2799-1202 
Vol: 04, No. 06, Oct-Nov 2024 

http://journal.hmjournals.com/index.php/JPDMHD 

DOI: https://doi.org/10.55529/jpdmhd.46.46.58 

 

 

 

 

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY 

license.(http://creativecommons.org/licenses/by/4.0/)                                                             57 

22. Brownlee M, VLASSARA H, Cerami A. Nonenzymatic glycosylation and the 

pathogenesis of diabetic complications. Ann Intern Med. 1984;101(4):527–37. 

https://doi.org/10.7326/0003-4819-101-4-527. 

23. Pieniazek A, Gwozdzinski L, Zbrog Z, Gwozdzinski K. Alterations in conformational 

state of albumin in plasma in chronic hemodialyzed patients. PLoS One. 

2018;13(3):e0192268. https://doi.org/10.1371/journal.pone.0192268. 

24. Kawata A, Taguchi A, Baba S, Miyamoto Y, Tanikawa M, Sone K, et al. A low 

preoperative albumin-to-globulin ratio is a negative prognostic factor in patients with 

surgically treated cervical cancer. Int J Clin Oncol. 2021;26:980–5. https://doi.org/10.1 

007/s10147-021-01861-8. 

25. Santos AFS, Argolo ACC, Paiva PMG, Coelho LCBB. Antioxidant activity of Moringa 

oleifera tissue extracts. Phyther Res. 2012;26(9):1366–70. https://doi.org/10.1002/pt 

r.4591. 

26. Taverna M, Marie AL, Mira JP, Guidet B. Specific antioxidant properties of human 

serum albumin. Ann Intensive Care. 2013;3:1–7. https://doi.org/10.1186/2110-5820-3-

4. 

27. Malik AM, Malik EM, Al-Shammaa NMJ, Al-Rubaei ZM. A Comparative 

Biochemical Study of Proteins Profile in Iraqi Children and Adolescent with β–

Thalassemia. Iraqi J Pharm Sci. 2010;19(2):19–23.  

28. Oki S, Toiyama Y, Okugawa Y, Shimura T, Okigami M, Yasuda H, et al. Clinical 

burden of preoperative albumin-globulin ratio in esophageal cancer patients. Am J 

Surg. 2017;214(5):891–8. https://doi.org/10.1016/j.amjsurg.2017.04.007. 

29. Abd IK. Biochemical studies on evaluation the glycation level of some proteins in the 

sera of proteins with β-thalassemia. Kirkuk, University of Kirkuk. 2019.  

30. Azeez FK. Biochemical studies on Human Proteins Glycation And Their Inhibition In 

Women With Breast Cancer. Kirkuk, University of Kirkuk. 2018. 

31. Kaptoge S, Seshasai SRK, Gao P, Freitag DF, Butterworth AS, Borglykke A, et al. 

Inflammatory cytokines and risk of coronary heart disease: new prospective study and 

updated meta-analysis. Eur Heart J. 2014;35(9):578–89. https://doi.org/10.1093 

/eurheartj/eht367. 

32. DeFronzo RA, Reeves WB, Awad AS. Pathophysiology of diabetic kidney disease: 

impact of SGLT2 inhibitors. Nat Rev Nephrol. 2021;17(5):319–34. https://doi.org/1 

0.1038/s41581-021-00393-8. 

33. Trifunović-Macedoljan J, Pantelić N, Damjanović A, Rašković S, Nikolić-Đurović M, 

Pudar G, et al. LC/DAD determination of biogenic amines in serum of patients with 

diabetes mellitus, chronic urticaria or Hashimoto’s thyroiditis. J Serbian Chem Soc. 

2016;81(5):487–98. https://doi.org/10.2298/JSC150910020T. 

34. Li T, Luo HH, Feng XF, Bai Y, Fang ZZ, Wu GG, et al. Plasma free amino acids and 

risk of cardiovascular disease in Chinese patients with type 2 diabetes. Front 

Endocrinol (Lausanne). 2021;11:519923. https://doi.org/10.3389/fendo.2020.519923. 

35. Noah KY, Hmood FK, Zainal IG. Estimation and isolation of ceruloplasmin and some 

biochemical indicators in diabetes mellitus type II patients compared to healthy controls 

in Kirkuk Province, Iraq. Med J Babylon. 2020;17(1):49–53.  

http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.46.46.58
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7326/0003-4819-101-4-527
https://doi.org/10.1371/journal.pone.0192268
https://doi.org/10.1%20007/s10147-021-01861-8
https://doi.org/10.1%20007/s10147-021-01861-8
https://doi.org/10.1002/pt%20r.4591
https://doi.org/10.1002/pt%20r.4591
https://doi.org/10.1186/2110-5820-3-4
https://doi.org/10.1186/2110-5820-3-4
https://doi.org/10.1016/j.amjsurg.2017.04.007
https://doi.org/10.1093%20/eurheartj/eht367
https://doi.org/10.1093%20/eurheartj/eht367
https://doi.org/1%200.1038/s41581-021-00393-8
https://doi.org/1%200.1038/s41581-021-00393-8
https://doi.org/10.2298/JSC150910020T
https://doi.org/10.3389/fendo.2020.519923


Journal of Prevention, Diagnosis and Management of Human Diseases   

ISSN: 2799-1202 
Vol: 04, No. 06, Oct-Nov 2024 

http://journal.hmjournals.com/index.php/JPDMHD 

DOI: https://doi.org/10.55529/jpdmhd.46.46.58 

 

 

 

 

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY 

license.(http://creativecommons.org/licenses/by/4.0/)                                                             58 

36. Mihalik SJ, Michaliszyn SF, De Las Heras J, Bacha F, Lee S, Chace DH, et al. 

Metabolomic profiling of fatty acid and amino acid metabolism in youth with obesity 

and type 2 diabetes: evidence for enhanced mitochondrial oxidation. Diabetes Care. 

2012;35(3):605–11. https://doi.org/10.2337/DC11-1577. 

37. Holeček M. Why are branched-chain amino acids increased in starvation and diabetes? 

Nutrients. 2020;12(10):3087. https://doi.org/10.3390/nu12103087. 

38. Pullaiah P, Suchitra MM, Siddhartha Kumar B. Protein carbonyls and protein thiols in 

rheumatoid arthritis. Int J Res Med Sci. 2018;6:1738–41.  

39. Kükürt A, Gelen V, Başer ÖF, Deveci HA, Karapehlivan M. Thiols: Role in oxidative 

stress-related disorders. Accent Lipid Peroxidation London IntechOpen. 2021;27–47. 

https://dx.doi.org/10.5772/intechopen.92399. 

40. Bora S, Adole PS. Carbonyl stress in diabetics with acute coronary syndrome. Clin 

Chim Acta. 2021;520:78–86. https://doi.org/10.1016/j.cca.2021.06.002. 

41. Bora S, Adole PS, Motupalli N, Pandit VR, Vinod K V. Association between carbonyl 

stress markers and the risk of acute coronary syndrome in patients with type 2 diabetes 

mellitus–A pilot study. Diabetes Metab Syndr Clin Res Rev. 2020;14(6):1751–5. 

https://doi.org/10.1016/j.dsx.2020.08.037. 

42. Murray, R. K., Granner, D. K., Mayes, P. A., & Rodwell, V. W. (1991). The text book 

of harpers biochemistry. Appleton and Large, Norwalk, Connecticut, Las Altos, 

Calliformia.  

43. Price DL, Rhett PM, Thorpe SR, Baynes JW. Chelating activity of advanced glycation 

end-product inhibitors. J Biol Chem. 2001;276(52):48967–72. https://doi.org/10.1074/j 

bc.M108196200. 

44. Khatami M, Suldan Z, David I, Li W, Rockey JH. Inhibitory effects of pyridoxal 

phosphate, ascorbate and aminoguanidine on nonenzymatic glycosylation. Life Sci. 

1988;43(21):1725–31. https://doi.org/10.1016/0024-3205(88)90484-5. 

45. Davie SJ, Gould BJ, Yudkin JS. Effect of vitamin C on glycosylation of proteins. 

Diabetes. 1992;41(2):167–73. https://doi.org/10.2337/diab.41.2.167. 

46. Kim J, Kim K seok, Shinn J wook, Oh Y sahng, Kim H tae, Jo I, et al. The effect of 

antioxidants on glycated albumin-induced cytotoxicity in bovine retinal pericytes. 

Biochem Biophys Res Commun. 2002;292(4):1010–6. https://doi.org/10.1006/bbrc.20 

02.6751. 

http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.46.46.58
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2337/DC11-1577
https://doi.org/10.3390/nu12103087
https://dx.doi.org/10.5772/intechopen.92399
https://doi.org/10.1016/j.cca.2021.06.002
https://doi.org/10.1016/j.dsx.2020.08.037
https://doi.org/10.1074/j%20bc.M108196200
https://doi.org/10.1074/j%20bc.M108196200
https://doi.org/10.1016/0024-3205(88)90484-5
https://doi.org/10.2337/diab.41.2.167
https://doi.org/10.1006/bbrc.20%2002.6751
https://doi.org/10.1006/bbrc.20%2002.6751

