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 A global pandemic, diabetes mellitus DM is growing in prevalence and 

importance. Many pathogenic pathways contribute to the onset of this 

disease, and these processes may be impacted by genetic, epigenetic, and 

environmental factors. Protein glycation processes that are non-

enzymatic have been closely linked to the development of chronic 

complications due to diabetes. Fructosamine 3-kinase has been identified 

(FN3K), A new method of protein repair called protein deglycation 

involves an enzyme that is of tremendous interest. Fructosamines 

become unstable and separate from proteins when FN3K phosphorylates 

them on the third carbon of their sugar moiety. Here we argue about 

enzyme activity and its comparison in control group  and patients with 

type 2 diabetes and enzyme activity in control group according to sex, 

age and BMI and about the existence of an inverse relationship between 

activity of enzyme and  glycated hemoglobin also Comparison of 

clinical parameters Include Insulin, insulin resistance, HbA1c and 

Fructosamine between control and DM type 2. 
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1. Introduction 

Typically, diabetes is described as a widespread, heterogeneous, complicated disease that interacts with 

both hereditary and environmental risk factors to generate hyperglycemia [1]. Negative effects may emerge 

from prolonged exposure to high glucose levels. Chronically elevated blood glucose levels in people with 

diabetes cause a wide range of long-term complications, such as microvascular and macrovascular disorders 

that significantly increase morbidity and death [2]. Numerous theories have been put out [3] in an attempt to 

explain relationship between development of these issues and increased glucose levels. "Non-enzymatic 

Glycation Hypothesis," one of the most popular theories, holds that excessive non-enzymatic modification 

of proteins and certain phospholipids by glucose and its metabolites causes harmful effects of chronic 

hyperglycemia [4], [5]. binding of glucose or other reducing sugars to proteins is referred to as protein 

glycation. In particular, glycation with aldoses occurs with lysine residues' -amino group or protein's N-

terminus, resulting in formation of a Schiff base product. Amadori products are formed when this 

thermodynamically unstable a Schiff base rearranges to generate ketoamine derivatives., that can undergo a 

series of further rearrangements (dehydration, cyclization, fragmentation and oxidation) to form a wide and 

heterogeneous group of complex compounds called advanced glycation end products (AGEs) [6]. FN3K 
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appears to represent a part of a cellular defence and/or repair system to control non-enzymatic glycation of 

proteins. Indeed, enzyme phosphorylates fructosamines (fructoselysine). In details, FN3K would be able to 

breakdown second intermediate of non-enzymatic glycation cascade by phosphorylating fructoselysine to 

afructoselysine-3-phosphate (FL3P). The latter compound spontaneously decomposes by β-elimination, 

regenerating a free lysine with inorganic phosphate and 3-deoxyglucosone 3-DG [7] research conducted by 

Thornally [8] indicate that FN3K enzyme has a special and independent mechanism works to prevent 

formation of advanced end products of glycation, also activity of FN3K enzyme is stable with time in 

individuals, but it varies from one person to another, and difference can reach four times between one 

person and another [9]. 

 

Results of another study showed that enzyme stimulates repair mechanism of protein damage caused by 

high blood glucose and its relationship with high levels of fructosamine in serum and tissues [10]. other 

study on diabetic patients, results showed The incidence of complications of diabetes is reduced when 

activity of FN3K enzyme is high even when the blood sugar level is high in people with diabetes [11]. 

FN3K enzyme is present in tissues most susceptible to glucose such as heart, nerves and kidneys in diabetic 

patients, as it is a part of protein repair system to resist hyperglycemia [12]. 

 

2. Experimental 

 

2.1 Sample Size 

A total of (206) participants were selected for study had age range 35-65 years. 

They were divided into two groups, 

G1: control group which were healthy individuals. 

G2: Diabetes type 2 group 

The sample was selected from Al-Wafa'a Specialized Medical Center in Mosul city. 

Information for individuals was placed in a special form and included age, sex, and BMI. 

 

2.2 Study Groups 

There were two study group, Group 1 was named as control group; with a total of (70) members (n= 70) 

(males 52 and females 18). Group 2 was named as diabetic group; with a total of (136) members (n=136) 

(males 81 and females 55). 

 

2.3 Study Parameters 

Multiple parameters which are linked with diabetes mellitus type 2 were examined in this study. analysis kit 

from Sunlong was used to measure Fructosamine-3-Kinase using ELISA technology, Analysis kit from 

Biohermes was used to measure Glycated hemoglobin HbA1c and analysis kit from Roche was used to 

measure Insulin using a device Cobas e 411. 

 

2.4 Statistical Analysis 

Quantitative data were analyzed in SPSS version 22.0. All data was presented as means ± standard error 

values. Correlation between disease status and measured dependent variables was evaluated by determining 

the correlation coefficient (r). A regression analysis was performed, and coefficient of determination (R2) 

was calculated. Differences with p values <0.05 were considered statistically significant. 

 

3. RESULTS 

The activity of fructosamine-3-kinase enzyme was estimated in blood serum of 136 people with type 2 

diabetes aged between (65-35) and 70 samples from the control group, results showed a very high 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3765 
 

significant increase in activity of FN3K in  type 2 diabetic patients (253.79±7.39ng/ l) at significant level of  

P0.001 Compared to the control group (181.51±2.82) as shown in Figure 1 

 

 
Figure 1: activity of FN3K between Group1 and Group 2 

 

The results showed that enzyme activity in blood serum of control group according sex: male 

(184.07±3.23ng/l) and female (174.11±5.56ng/l) and) and noted that there was no significant difference in 

activity of enzyme as shown in Figure 2. 

 

 
Figure 2: activity of FN3K in serum of control group by sex 

 

The effect of age on enzyme activity was studied, control group was divided into  following age groups (35-

44 year) ،(45-54 year)and (55 year) it was noted that there was no significant difference in activity of 

enzyme according age as shown in Figure 3. 

 

 
Figure 3: activity of FN3K in serum of control group by age 
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Control group was divided into five BMI groups as shown in table 1, it was noted that there was no 

significant difference in activity of enzyme between five groups as shown in Figure 4. 

 

Table 1: Control group divided into five BMI groups 

Normal weight 18.5-24.9 

Overweight 25-29.9 

Obesity class 1 (mild obesity) 30-34.9 

Class II obesity (moderate obesity) 35-39.9 

Class III obesity (obesity) 40 

 

 
Figure 4: activity of FN3K in serum of control group by BMI 

 

A relationship was studied between glycated hemoglobin HbA1c and activity of enzyme FN3K in blood 

serum of patients with type 2 diabetes by finding the linear correlation coefficient r, and it was found that 

there was a significant inverse relationship at r=0.07 shown in Figure 5. 

 

 
Figure 5: The relationship of FN3K with HbA1c 

 

Results also show higher significant difference in level of insulin and insulin resistance in diabetic patients 

compared to controls group, and 91% of patients suffer from insulin resistance. results showed a significant 

increase in level of fructosamine and Hba1c values also, as shown in the table 2. 
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Table 2: Comparison of clinical parameters between control and DM type 2 

 

P0.01 

DM Type2 Control Variables 

16.70±0.90 12.15±1.04 Insulin(µ𝐔/ml) 

P0.001 7.10±0.54 2.77±0.31 Insulin resistance 

P0.001 7.10±0.18 5.309±0.05 HbA1c% 

P0.001 452.22±10.68 216.87±3.03 Fructosamine(µmol/L) 

 

4. Conclusion 

FN3K activity in serum of DMT2 was significantly higher than activity of control group in P0.001. 

increase in activity of FN3K enzyme may be due to cellular leakage of enzyme from tissues and organs that 

are exposed to high levels of sugar as a result of diabetes [13]. FN3K activity in serum showed high 

significant inverse correlation with HbA1c values P0.001. HbA1c is a glycated protein in which glucose is 

bound specifically to N-terminal valine of hemoglobin β chain [14] the results showed a significant 

decrease in enzyme activity at significant level of P as the values of HbA1c increased especially after 

HbA1c >8 this is due to inhibition of enzyme activity by 3-DG [15]. The results of research indicated a 

higher significant increase P0.01in insulin level as well as a very higher significant increase P0.001 in 

insulin resistance in type 2 diabetics comparing with control group, the reason may be attributed to rising 

blood sugar level cause stop cells responding to insulin and this leads to production of large amounts of 

insulin to reduce high blood sugar levels, and this process leads to a high level of blood insulin may become 

increasingly resistant to insulin [16]. Fructosamine concentration show a very higher significant increase 

P0.001 in DM type2, reason could be related with high concentration of glucose lead to increasing 

glycation process is known as  process of binding glucose to protein, which result an essential intermediate 

compound is fructoseamine, which is formed as a result of high levels of sugar in blood [17]. 
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