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Abstract 

Background: Diabetes Mellitus affects approximately 422 million adults worldwide 

and is a group of metabolic diseases characterized by hyperglycemia caused by defects 

in insulin secretion, insulin action, or both. Dipeptidyl-peptidase-IV (DPP-4) degrades 

some enterocrinins, which are responsible for glucose metabolism, protection in 

cardiometabolic disease and immune regulation. The aim of this study is to synthesize 

the nitrile derivative of metformin to act as an inhibitor of the DPP-4 enzyme which is 

responsible for regulating blood sugar in relation to the secretion of insulin from beta 

cells in the pancreas. 

Methods: 

One of the previously prepared nitrile derivatives was used to measure the extent of its 

effect on rabbits induced by diabetes, where the level of sugar and some enzymes 

(AST, ALT, ALP) and hormones (Apelin-36, Leptin, insulin like growth factor) related 

to the induced disease and its side effects, and a group of rabbits was used to achieve 

this purpose  
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Results: The results showed that serum glucose, Apelin, Leptin, Insulin-like growth 

factor - 1 (IGF-1) levels, Aspartate amino transferase (AST), Alanine amino transferase 

(ALT) and Alkaline phosphatase (ALP) activities were significantly lower in the 

treatment group compared to the diabetic group. 

Conclusion:These results show that the newly synthesized agent is effective in 

improving the sensitivity of cells to insulin and glucose transition by inhibiting the 

dipeptidyl-peptidase IV (DPP-4) enzyme, activating incretin hormones, increasing the 

effectiveness of Apelin, Leptin, IGF-1 with low effect on liver enzymes. 

Keywords: Apelin, Leptin IGF-1 , Rabbit, Alloxane,  

 

Introduction 

Diabetes mellitus is a chronic metabolic disorder associated with a variety of 

environmental and genetic factors. The incidence of diabetes is increasing worldwide, 

with a higher rate of accelerating various life-threatening complications such as 

diabetes-induced retinopathy, nephropathy, neuropathy and other cardiovascular 

problems such as hypertension, stroke, atherosclerosis. Type 1 diabetes is a disorder 

that occurs when the beta cells in the pancreas that produce insulin are damaged by an 

autoimmune process[1]. T2DM is characterized by impaired cell functions and insulin 

resistance. Type 2 diabetes is much more common in adults overall and accounts for 

more than 90% of all diabetes cases, and its incidence is increasing worldwide due to 

the aging of the population and the increasing prevalence of obesity and sedentary 

lifestyle [2, 3].  

Currently available treatments for type 2 diabetes mellitus (T2DM) have several 

limitations, including less than optimal control of postprandial hyperglycemia, 

increased risk of hypoglycemia, weight gain, gastrointestinal side effects, and edema. 

In general, current agents target either relative insulin deficiency or insulin resistance, 

which defines the specified T2DM. A new approach drawn from its clinical results is 

the use of agents that appear abnormal in T2DM and have important effects on insulin 

and glucagon biology, as well as on the central nervous system in relation to appetite, 

and that strengthen or increase the activities of intestinal hormones called incretins[4]. 

Today, there are two hormones responsible for the incretin effect, glucose-dependent 

insulinotropic peptide (GIP) and glucagon-like peptide-I (GLP-1), and both are 

members of the glucagon peptide family and their amino acid sequences are similar. 

GLP-1 and GIP are intestinal polypeptides belonging to the incretin family and play a 

role in glucose homeostasis. In the fasted state, plasma GIP and GLP-I concentrations 

are extremely low, the half-life in plasma is only 1-2 and 5-7 minutes, respectively, 

and increases rapidly with meal intake. However, the secreted incretin hormones are 

rapidly degraded to their inactive metabolites by the enzyme dipeptidyl-peptidase-IV 

(DPP-4), which is widely found in tissues. DPP-4 activity is found on the surface of 

the endothelial cells lining the blood vessels through which the intestinal mucosa is 

shed. DPP-4 is the only enzyme that separates and thus inactivates GLP-1 and GIP 

under physiological conditions. Therefore, most of the incretin hormones are 

inactivated before they can reach the systemic circulation[5]. 
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In addition to being tightly regulated by energy homeostasis, endocrine, paracrine and 

autocrine factors, it plays an important role in maintaining the energy balance in 

skeletal muscle, liver, adipose tissue and pancreatic β cells. Changing the energy 

balance quickly leads to obesity, which is a major cause of insulin resistance. Several 

mechanisms linking obesity to insulin resistance have been proposed. Among these, 

adipocyte secreting factors or adipokines have been shown to play an important role. 

Changing their production (excess or deficiency) can directly stimulate or delay the 

onset of insulin resistance[6].  

Apelin-39, adipocytokine, is a peptide known as the endogenous ligand of the G-

protein-coupled receptor Apelin, it is expressed in a variety of tissues, including 

kidney and endothelial cells. In addition, increased body mass in type 2 diabetic 

patients might contribute to increase Apelin levels in the blood[7]. 

In recent years, insulin-like growth factor- 1(IGF-1) has gained much attention in 

pathophysiology, especially for diabetic retinopathy. There have been various studies 

suggesting the role of IGF-1 in diabetic retinopathy, and few studies have shown a 

direct correlation of IGF-1 with it, whereas some have shown an inverse 

relationship[8].IGF-1 is closely related to insulin, except that its C chains are not 

separated and it has an extension of the A chain called the D domain [9]. 

Leptin was discovered in 1994 and is a hormone containing 167 amino acids that 

reduces pancreatic insulin secretion, increases lipolysis in adipose tissue and skeletal 

muscles, is secreted by adipocytes and regulates food intake [10]. The leptin also 

plays a key role in glucose metabolism [11], In support of this, rodent models of 

leptin deficiency are characterised by insulin resistance and diabetes [12], and leptin 

treatment lowers blood glucose and insulin levels [13]. 

This research aims to  investigate the effect of  the metformin derivative that contains 

an effective nitrile group in medicine and the degree of its effects on certain hormones 

that are important in controlling blood sugar levels as well as determining its effects 

on liver enzymes. 

 

Materials and methods 

Chemicals and instruments 

Chemicals: Metformin(sigma Aldrich), methanol(fluka), 3-bromopropanenitrile 

(sigma Aldrich), alloxane(sigma Aldrich). Instrument:hotplate with stirrore (biotech),  

Animals study 

A number ofrabbits (30) were taken from the local adult rabbits whose weight ranges 

between (1700-2000) g and ages between (12-14) months. They were left in the cages 

for one week to settle and get used to the place. Diabetes was caused by injecting into 

the peritoneum  and in a single dose of (150 mg / kg) of substance alloxan prepared 

directly [14]. Rabbits were given a 5% glucose solution in drinking water within the 

first 24 hours after injecting alloxan so that they would not have a low blood sugar 

level. Diabetes was confirmed as occurring by drawing blood from the outer ear vein 

to analyze glucose level using a portable blood glucose monitor, and rabbits with 

fasting blood sugar levels were considered above 170 mg / dL with diabetes
(2,3)

. 

Thirty adult male rabbits were taken, as they were divided into three groups, in each 
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group of 10 male rabbits, and the groups were as follows: (control group) they were 

given water and food for two weeks, (diabetic control group) were injected with 

alloxan 150 mg / Kg of body weight and then give them food and water for two 

weeks. As for the last group (diabetes group + treatment) they were injected with the 

substance alloxan 150 mg / kg of body weight, then they were given 15.813 mg / kg 

of bodyweight depending on the dose of one of the diabetic drugs, and used as a blood 

sugar treatment for two weeks[15].  

Biochemical study 

Apelin-36 concentration and leptin are determined using (MyBioSource ELISA kit), 

insulin growth factor-1 by (Fine test ELISA kit), and finally, the liver enzymes 

aspartate aminotransferase (AST), alanine amino transferase (ALT) and alkaline 

phosphatase(ALP) are determined by the colorimetric method using (Biolabo Kit). 

 

Statistical Analysis 

The search results were analyzed using one-way analysis of variance and identified 

specific differences between groups using the Duncan test at probability level 

(p≤0.05)[16] 

 

Results and discussion 

Diabetes mellitus is an emerging predator and affects approximately 422 million 

adults worldwide. Increased pressure on the pancreas to produce higher levels of 

circulating insulin and insulin has been deduced as the possible etiology for diabetes, 

leading to a higher risk of pancreatic cancer. Of several drug targets in the 

hypoglycemic discovery, Dipeptidyl peptidase-IV (DPP-IV) has been recognized as 

an emerging target. DPP-IV is a protease enzyme that inactivates the incretin 

hormones Glucagon-like peptide 1 (GLP-1) and glucose-dependent insulin tropic 

polypeptide (GIP). Inhibition of DPP-4 causes GLP-1 and GIP to circulate and act for 

longer periods of time. Therefore, DPP-4 inhibitors play an important role in 

maintaining glucose homeostasis. Compared to early oral hypoglycemia, DPP-IV 

inhibitors are well tolerated and provide better glycemic control over a longer period 

of time[17]. 

From the results of our study, we found that the newly synthesized agent improved 

the passage of glucose from blood to cells and the sensitivity of cells to insulin and 

decreased blood glucose levels to normal levels by statistically significantly lowering 

them in the treatment group compared to the diabetes control group (Table 1). These 

results confirm that the new agent exerts its effect by inhibiting DPP-4 activity, which 

rapidly converts incretins (GLP-1 and GIP), which play an important role in glucose 

homeostasis, into inactive metabolites. 

Glucose homeostasis depends on the balance between hepatic glucose output and 

glucose utilization by insulin sensitive (adipose tissue, skeletal muscle) and non-

insulin sensitive tissues. Studies have shown that both short and long-term apelin 

treatment improves insulin sensitivity in insulin-resistant obese mice. In one study, 

apelin administered in a physiological range was reported to improve glucose 

metabolism in vivo in mice fed normal and insulin-resistant high-fat diets by 
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increasing glucose utilization in insulin-sensitive tissues rather than inhibiting hepatic 

glucose output [18]. In this study, we found that the Apelin levels of the treatment 

group were statistically significantly higher compared to the diabetic control group 

and reached the values of the normal control group (Table 2). This indicates that the 

new agent also plays a role in the direct or / indirect activation of the synthesis of 

molecules that play a role in glucose homeostasis by increasing Apelin synthesis in 

the treatment group. Studies suggest that serum Apelin levels have a parallel 

relationship with nutritional status and plasma insulin levels in mice and humans. 

Apelin has been reported to directly increase peripheral glucose utilization, possibly 

independently of insulin, thus adapting liver glucose output secondary to maintaining 

normal blood glucose[18]. 

Leptin is an important adipocytokin that affects both insulin sensitivity and 

inflammation, plays a close role in the development of T2DM, and is a 

proinflammatory molecule that plays a key role in the regulation of glucose and 

energy homeostasis. Experimental studies have suggested that leptin can normalize 

hyperglycemia independently of insulin[19, 20]. The hormone signals the 

hypothalamus and is released to reduce the cravings for food and thus control 

appetite. Leptin is also increased in type 2 diabetes mellitus, which is strongly 

associated with obesity and insulin resistance. It has been suggested that leptin 

mediates insulin resistance and thus may be a possible treatment for insulin resistance. 

In some studies, diet-induced obesity has been reported to cause leptin resistance, so 

although leptin levels are high, it is ineffective[21]. In the present study, we found 

that the leptin levels of the treatment group were statistically significantly lower than 

both the normal control and diabetes control groups (Table 3). This shows that the 

newly synthesized agent increases its effectiveness in the treatment of Type 2 diabetes 

by keeping leptin levels low and increasing its sensitivity. 

Insulin-like growth factor- 1 is one of the small peptides that generally act locally and 

stimulate growth in specific cells and resemble human proinsulin. IGF-1 acts as the 

major mediator of growth hormone in accelerating growth. IGF-1 is synthesized in the 

liver and secreted into the blood under the control of GH. Insulin and IGF-1 receptors 

are approximately 38% similar. It is found in the circulation at significant levels 

during postnatal life and exhibits glucoregulatory and mitogenic properties at doses 

similar to insulin[22]. In our study, we found that the IGF-1 values of the treatment 

group were statistically significantly lower than the diabetes control group and were 

close to the values of the normal control group (Table 4). This suggests that the newly 

synthesized agent maintains serum IGF-1 levels at normal control group levels and 

increases its effectiveness in the treatment of Type 2 diabetes. 

We would like to point out that the fact that the newly synthesized agent was not 

applied to the diabetic group in different and lower doses is one of our important 

limitations. Our research group is planning another study to illuminate this situation 

by adding more different experimental groups. 

Furthermore, the results showed non significant differences in the activity of serum 

aspartate amino transferase (AST), alanine amino transferase (ALT) and alkaline 

phosphatase (ALP) between the treatment group and diabetic group (Table 5-7). 
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While there was a significant difference between the control group when compare it 

with the diabetic group and treatment group, knowing that all the values are within the 

normal range for the variables. We think this may be the result of the high dose of the 

newly synthesized agent. Therefore, as we mentioned in the limitations section, we 

aim to reveal it with other studies we plan to do. 

As a result, the findings obtained show that the newly synthesized agent that increases 

the effectiveness of Apelin, Leptin, IGF-1 by inhibiting dipeptidyl-peptidase IV 

(DPP-4) enzyme, activating incretin hormones, is effective in improving the cells' 

sensitivity to insulin and glucose passage. We also plan to conduct more 

comprehensive studies on the subject by using wider and different parameters. 

 

Table 1: The level of glucose mesuared in control, control diabetic and treatment 

group. 

Parameter Groups No Mean±SD 

Glucose Control 10 73.20±10.52       c 

Control Diabetic 10 191.19±11,21     a 

Treatment 10 127.64±6.24       bc 

The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 

 

Fig 1: The level of glucose mesuared in control, control diabetic and treatment group. 

 

Table 2: The level of Apelin 36 on control, control diabetic and treatment group 

Parameter Groups No Mean±SD 

 

Apelin 36 

ng/mL 

Control 10 18.98±2.21        a 

Control Diabetic 10 12.87±4.97        b 

Treatment 10 17,52±1,52        a   
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The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 
Fig 2: The level of Apelin 36 on control, control diabetic and treatment group 

 

Table 3:The level of leptin in control, control diabetic and treatment group 

Parameter Groups No Mean±SD 

 

Leptin  

ng/mL 

Control 10 24,39±8,13        a 

Control Diabetic 10 23,98±4,89        a 

Treatment 10 14,33±5,47        b 

The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 
Fig 3:The level of leptin in control, control diabetic and treatment group 
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Table 4: The level of insulin growth factor in control, control diabetic and treatment 

group 

Parameter Groups No Mean±SD 

Insulin-like 

growth factor 

ng/mL  

Control 10 14,97±1,38    b 

Control Diabetic 10 18,15±2,44    a 

Treatment 10 12,77±2,29    c 

The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 

 
Fig 4: The level of insulin growth factor in control, control diabetic and treatment 

 

Table 5:The level of AST on control, control diabetic and treatment group 

Parameter Groups No Mean±SD 

 

AST 

IU/L 

Control 10 29,44±19,97     b 

Control Diabetic 10 75,38±28,54     a 

Treatment 10 71,30±37,30     a 

The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 

 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 14587 - 14598 

Received 05 March 2021; Accepted 01 April 2021. 

 
 

14595 
 

http://annalsofrscb.ro 

 
Fig 5:The level of AST on control, control diabetic and treatment group 

 

Table 6:The level of ALT in control, control diabetic and treatment group 

Parameter Groups No Mean±SD 

 

ALT 

IU/L 

Control 10 23,94±10,22      b 

Control Diabetic 10 69,18±13,27      a 

Treatment 10 50,12±12,50      a 

The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 
Fig 6:The level of ALT in control, control diabetic and treatment group 

 

Table 7:The level of ALP on control, control diabetic and treatment group 

Parameter Groups No Mean±SD 

 

ALP 

Control 10 58,21±28,43       a 

Control Diabetic 10 68,98±29,45       a 
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IU/L Treatment 10 61,18 ±20,04      a 

The difference in the letters (a,b,c) indicates the presence of significant 

differences, and the p value is less than 0.05. 

Similarity in the letters (a,b,c) indicates that there are no significant differences 

between the values, and the value of p in them is greater than 0.05. 

 
Fig 7:The level of ALP on control, control diabetic and treatment group 
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