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SUMMARY 

In current era, the most prevailing and significant health issue is Diabetes Mellitus. Diabetes 

Mellitus is a disease of glucose metabolism described by the raised amount of blood glucose 

caused by relative or absolute deficiency of  insulin. Such high blood sugar proceeds to the onset 

of complication of diabetes which latter damages the eyes, kidneys and CNS. Hyperglycemia 

indicates dangerous factor for causing of disease of microvascular and macrovascular tissues.  A 

variety of drugs are used in the management of diabetes mellitus, for example, insulin, 

sulphonylureas, AGIs and TZDs. Looking to the chemical structures of available antidiabetic 

drugs, new and simple molecules can be designed, synthesized and can be tested for their 

efficacy in the treatment of diabetes. Based on the close structural resemblance with 

thiazolidinediones, we have designed and synthesized pyrrolidinediones and have explored their 

antidiabetic potentials. 

In our current research work, we have reported fifteen (15) cyanoacetate derivatives of 

succinimides. Majority of the synthesized compounds have reported here for the first time. All 

the compounds are synthesized in a single step trivial reaction procedure. In DPPH assay, the 

compounds were tested for antioxidant activity and UOM3, UOM2 and UOM1 showed highest 

results with IC50 value of 92.50, 114.22 and 147.81 µg/ml respectively.  In ABTS assay 

compounds UOM1, UOM5 and UOM2 showed high potency with IC50 value of 65.69, .71.15 

and 110.43 µg/ml respectively. All other compounds showed weak antioxidant potentials. In in-

vitro alpha glucosidase inhibition assay, compounds UOM15, UOM13, UOM 14 and UOM 12 

showed potent inhibition of alpha glucosidase with IC50 values of 10.2, 10.4,11.7 and 11.9 µg/ml 

respectively against the standard drug acarbose. All other tested compounds showed moderate 

potential with IC50 value of 11.8 to 41.86 µg/ml respectively. In vitro alpha amylase inhibition 
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assay compounds UOM15 andUOM14 displayed highest IC50 value of 13.2 and 15.10 

respectively compared to the standard drug acarbose. 

Based on the initial in-vitro assays, four (4) compounds were selected for further testing in 

experimental animals. In acute toxicity study, the tested compounds were revealed safe in the 

mentioned strength. In alloxan triggered diabetic mice, compounds UOM15, UOM14 and 

UOM13 displayed highest reduction in average glucose level over a period of 21 days, i.e. 6.44, 

5.98 and 5.82 mmole/L respectively. While UOM 12 (i.e. 3.1 mmole/L) showed moderate 

reduction in bood glucose level. There was no significant increase in the LFTs and serum 

creatinine of treated mice. Also, a good result was recorded in the oral glucose tolerance test of 

the tested compounds against the standard Glibenclamide drug.In lipid peroxidation best result 

was displayed by UOM15 followed by UOM14, UOM13 and UOM12 against the standard 

glibenclamide. The synthesized compounds (UOM1-UOM15) showed a strong inhibitory 

potential against glucosidase and amylase and the inhibitory effect was revealed from the 

calculated Vmax and Km values for glucosidase and  amylase inhibition and these were 

determined using Michaelis-Menten kinetics and further confirmed from the Linewear-Burk 

plots for glucosidase and amylase . 

 From the current investigation it is evident that compounds UOM15, UOM14 and UOM13 

have been verified that these compounds have stronger in-vivo antidiabetic than other prepared 

compounds so further work should be carried out to assess and extend its role in DM 

management to the next steps of drug development. 
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1. INTRODUCTION 

1.1 Diabetes Mellitus: 

Diabetes belongs to Greek term which  means ―to pass or flow through‖(excessive urination) and 

mellitus implies for sugar [1]. Diabetes Mellitus is a disease of glucose metabolism described by 

raised amount of blood glucose caused by relative or absolute insulin shortage. This can be 

resulted from a lot of reasons but the most common etiology is autoimmunity that is type 1 

diabetes.mellitus or adult onset type 2 diabetes [2]. Insulin deficiency   affects the bioprocessing 

of all biomolecules , carbohydrates, proteins and fats and also associated with homeostasis  

disturbance of electrolytes and water [3]. Acute metabolic derangement causes death and 

longtime effects of metabolic disorder results in functional and structural changes of tissues and 

body and most of the susceptible system is vascular tissues. All such differences proceed to the 

onset of  complication of diabetes which latter damages the eye, the kidney and CNS [4]. 

Hyperglycemia indicates dangerous factor for causing of disease of microvascular and 

macrovascular tissues [5]. Diabetes affecting the people round the world with cases of both type 

1 and type2 increasing about 171 million cases in 2000 and this will be twice by the year 2030. 
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Figure 1. 1: Metabolic pathway of fuel metabolism and insulin action [6]. 

1.2 Clinical features 

 Diabetes is demonstrated by the followings: 

 Raised thirst 

 High urine output 

 Anorexia 

 Fatigue 

 Tiredness  

 Susceptibility to infections [7]. 

1.2.1 Other possible symptoms are: 

 Balanitis                             
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 Pruritis vulvae               Caused by Candida albicans 

 Vulvovaginitis 

 Nocturnal enuresis 

 Visual changes [8]. 

1.2.2 Symptoms of complications include: 

 Impotence 

 S. aureus infection of skin 

 Polyneuropathy (tingling and pain) 

 Arterial diseases 

 Myocardial ischemia 

 Peripheral vascular disorder [9]. 

1.2.3 People predisposed to diabetes: 

Family history 

Age˃ 40 years 

Obesity 

lifestyle 

Positive obstetric history 

Ischemic heart diseases/ HTN 

Women with PCOS 

Medication causing hyperglycemia 

1.2.4 Ethnic groups 

 Aboriginal islander. 

 Pacific islander 
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 Afro-Caribbeans 

 Subcontinent 

1.3 Classification of Diabetes: 

Type 1 diabetes mellitus 

Type 2 diabetes mellitus. 

Other Diabetes include: 

 Gestational diabetes 

 Maturity Onset Diabetes of Young (MODY) 

 MODY 1 

 MODY 2 

 MODY 3 

 MODY4 

 MODY5 

 MODY6 

Table 1. 1: Types of MODY [10]. 
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1.4 Type 1 Diabetes Mellitus: 

About 5-10% of all diagnosed cases. Type I diabetes is an advancing T cell mediated auto-

immune disorder. Familial history research shows that annihilation of β-islets cells of pancreas 

takes place many years to cause diabetes. When seventy to ninety percent of beta cells damaged 

then classical symptoms of DM will be appeared [11]. 

The pathological picture of pre diabetic is shown by: 

 Insulinitis- that is the attack of pancreas cells by uni-nuclear WBCs bearing active helper-

T-cells, macrophages, suppressor T lymphocytes and N killer cells. 

 Initial patchiness of lesion- this patch later shows lobules that contain heavily infiltrated 

islets lie adjacent to unaffected lobules. 

 The strikingly β-cell specificity having annihilative process, while keeping other cells of 

pancreas to maintain the level of hormones [12]. 

Before the clinical syndrome appears, the islets cell antibodies can be detected, which is an 

adumbrative value as a disease marker anyhow it disappears as the disease progresses. Currently 

there is no particular anti-bodes for the purpose of diagnosis- anyhow, in the late Onset Type I 

diabetes GAD (Glutamic acid de-carboxylase) shows a role in the examining middle age people 

(latent autoimmune diabetes in Adults LADA) in which  there is possibility of Type-II diabetes 

to develop later [13]. 

Type 1 diabetes may also occur in association with following diseases[14]. 

 Coelic disease 

 Thyroid disorders 

 Pernicious anemia 

 Addison disease 
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  Vitiligo. 

1.4.1 Genetic predisposition: 

One third of susceptibility of type 1 diabetes accounts for genetic factor with polygenic 

inheritance. More than 20 regions of genome of humans is linked with type I DM but preferred 

region is Human leukocyte HLA antigen in the major histocompatibility complex at small arm of 

chromosome-6 this area is declared as IDDM1.The haplotypes of HLA   that are mostly related 

to type-I DM are DR3 and/or DR4 [15]. 

1.4.2 Environmental factors: 

Environmental factors also have a vital function in expression of type-I DM. this has been 

suggested that decreased attack by microbes in child life stops the development of immunity and 

thus increasing the autoimmune diseases as well as susceptibility. 

It has been proposed that some form of viral infection leads to the triggering of type I diabetes, is 

caused by cytopathic or autoimmune damage to the beta cell of pancreas. For example  rubella, 

cytomegalovirus  coxsackie B4, retroviruses, mumps and Epstein barr virus [16]. 

Food also affects the occurrence of type I diabetes. BSA (Bovine serum-albumin), a main 

component of milk of cow was studied in inducing type I DM. That is why cow milk fed infants 

are susceptible to trigger type I DM as compared to infants on breast fed. As BSA crosses 

neonatal GIT and elevates anti-bodies that are destined to destroy the beta cell of pancreas [17]. 

Different nitrosamines occurred in coffee and meat (either cured or smoked) and have been 

studied as potentially toxins responsible for DM [18].Stress might augment type I DM by 

triggering the counter-regulatory hormones secretion and thus fluctuating the  immune response 

[19]. 
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1.4.3 Metabolic disturbance in type 1 DM: 

Above a specific standard an increased glucose concentration might be lethal to the remnant of 

β-cells so as excessive deficiency of insulin may follow. High shortage of insulin is linked with 

metabolic processes in the body [20].  High level of glucose leads to glycosuria and dehydration 

that triggers secondary hyperaldosteronism. Similarly, uncontrolled proteolysis and lipolysis is 

associated with loss of weight, raised gluconeogenesis as well as ketogenesis. When production 

of ketones is greater than its metabolic capability then results in ketoacidosis. There are 

hydrogen and potassium ions in blood. Moreover secondary hyperaldosteronism favors urinary 

loss of potassium ions . 

 

Figure 1. 2: Physiological basis of uncontrolled DM [21]. 
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Figure 1. 3: Role of hyperglycemia-induced accumulation of ROS and oxidative stress plus 

vascular complications [21].  
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1.5 Type 2 DM: 

Type 2. DM accounts for about 90-95 % cases of all diabetic population. It is more complicated 

as compared to Type I because it is a joint venture resistance towards the insulin action in the 

liver and muscles together with damaged β-cell functions resulting in deficiency of insulin [22]. 

Insulin resistance occurs first followed by high secretion of  insulin in order to keep ordinary 

glucose in blood . But in affected persons β cells are unable to cope high level of glucose in 

blood and a slowly progressive deficiency of insulin ensues. 

 

Figure 1. 4: Natural history of insulin [23]. 
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Table 1. 2: Comparison of Type 1 and type 2 DM [24]. 

 

1.5.1 Insulin Resistance: 

In type 2 diabetic persons under –utilization of glucose in skeletal muscles and high production 

of glucose in hepatic cells result from resistance to the insulin action [25]. 

Often type 2 diabetes is coupled with other diseases, specially visceral obesity, high blood 

pressure and dyslipidemia [26]. It has been studied that coexistence of such diseases all of which 

lead to cardio-vascular disorder is a precise condition (insulin resistance syndrome/metabolic 

syndrome) that predisposes to resistance of insulin the primary fault and the existence of 

increased weight which is a effective stimulus of insulin resistance. Central adipose tissue is 

metabolic busy and let a higher amount of FFAs that causes insulin resistance  as FFAs contest 

with carbohydrates as energy for oxidation in muscles [27]. Further adipose tissues release many 

hormones (i.e. cortisol and peptides e.g adipokines as these resemble to cytokines) that function 

on exact receptors to affect sensitivity to insulin in organs [28]. As visceral fatty tissues empty 

into hepatic portal vein that is why main obesity have a strong power on insulin sensitivity in the 

hepatocytes and thus badly alter gluconeogenesis and fat metabolism in the liver [29]. 

More antecedent of insulin sensitivity is physical activities. Lack of activity is accompanied with 

down regulation of insulin sensitive kinases and too causes elevation of FFAs in muscles. 
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Sluggish men are higher insulin resistant than active one with similar fatness level. As exercise 

permits non-insulin dependent sugar pickup into muscles and thus declining the amount of 

insulin secretion by the β-cell of pancreases [30]. 

1.5.2 Pancreatic β-cell failure: 

Earlier in type II DM there is decline in the mass islets cells of decrease. The most remarkable 

change in the islets is the deposition amyloid [31]. A hypothesis states that polypeptide amyloid 

is released along with insulin that’s why in the high requirement of secretion of insulin also yield 

high amylin production in insulin resistance situation, this result in insoluble amyloid fibrils and 

finally lyses of β-cell. The mass of β-cell is reduced up to 20-30 % in type II DM, whereas, mass 

of α cell is unaffected which support the state of hyperglycemia [32]. 

1.5.3 Genetic Predisposition: 

More than 200 candidate susceptibility genes have been studied but abiding involvement of 

variants in aspirant genes with typeII DM has been proposed with three gene polymorphisms. 

Susceptibility of such polymorphism is augmented by twenty percent and located PPARᵧ genes 

Kir 6.2 subregion of the β cell KATP conduit and protease calpain 10. Recent research has 

known added area which bear vulnerability loci on genetic material 1q, 12q and 20q however the 

corresponding genes have not been explored [33]. 

1.5.4 Environmental Factors: 

Epidemiological observations propose that type II DM is allied with excessive eating, that is 

combined with under activity and obesity. However, most of the middle-age patients of diabetes 

are obese, a low ratio of fat persons extends to diabetes. Heaviness is considered diabetes 

causing issue (that increase the insulin resistance) particularly in folks who are hereditarily liable 

to insulin resistance and beta cell malfunction. 
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People having body mass index ˃ 30kg/m
2
 has tenfold high rate of developing type 2 diabetes. 

Sweet food having high content of refined carbohydrate elevate the requirement for insulin 

release, whilst lofty heavy food increases FFAs plus favors insulin resistance [34]. 

1.5.5 Additional Risk Factors: 

1.5.5.1 Age: 

Type 2 DM is an adult and elderly persons disease. It afflicts ten percent of people above 65 plus 

above 70 %. In UK, above age of 50 years DM occurs [35]. 

1.5.5.2 Pregnancy: 

In pregnancy certain placental hormones are produced that decreases sensitivity of insulin and 

thus causing hyperglycemia [36]. 

1.5.6 Metabolic disturbances in Type 2 diabetes: 

When the threshold for glucose crosses 180 mg/dl, it appears in urine. The degree of osmotic 

symptoms is allied to the level of urinary glucose. In type II DM, hyperglycemia occurs 

gradually months to years. In addition, renal doorway for glucose raises and osmotic featured is 

placid. It is most important reason for majority of population unnoticed cases of type II DM, 

large number of whom discover coincidently. That is why patients are often asymptomatic  but 

are presented with prolonged history of tiredness with and without osmotic symptoms [37]. 

In other diabetic patients presentation is too late and destruction of β-cells has occurred to the 

spot   when there is intense insulin dearth. Such patients may be presented with weight loss and 

ketoacidosis is rare. With other diseases e.g. with infection that causes excess manufacture of 

counteract regulatory chemicals for example growth hormone catecholamines and cortisol that in 

turn accelerate resistance and deficiency of insulin resulting in high sugar level plus dehydration. 

There is also dyslipidemia [38]. 
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1.6 Gestational Diabetes (GD): 

Gestational DM is diabetes with initial recognition or onset in pregnancy. It also occupies 

females with clinically undetected or preexisting type1/type2 diabetes, majority of women are 

restored to normal glucose level after pregnancy [39]. 

1.6.1 Risk factors of GD: 

 Fatness 

 Family record of type II DM 

 Ethnicity (South Asian, black native Americans) 

 Previous macrsomia 

 Previous glucose abnormality in pregnancy. 

According to WHO every woman meeting criterion for impaired glucose acceptance or diabetes 

following 75g OGTT ought to be considered as GD. 

European-criteria for GD when venous plasma glucose ˃5.5 mmole ( 99mg/dl) in fasting state 

and ˃9.0mmole (162mg/d) after 2-hours of glucose load. 

Table 1. 3: Criteria for OGTT [40]. 
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1.6.2 Implications for mother: 

GD is coupled with high threat of later progression to of type II diabetes. Risk is 50% high in 

particular ethnic men such as Hispanic females in USA. Women with GD must have glucose 

tolerance re-assessed after pregnancy. 

If post-partum sugar lenience has turned back to usual (fasting glucose ˂ 6.1 mmole/L, 

110mg/dl) as well as 2 hours glucose ˂ 7.8 mmole/L, 140mg/dl) suggestion on way of life 

modification must be specified limits the possibility of development type 2 diabetes. If sugar 

intolerance exists following pregnancy in women with sturdy family record of DM, the screening 

of the one of the unusual autosomal- dominant forms of DM will be focused [41]. 

1.6.3 Fetus Implications: 

A connection persists amid blood of mother blood and perinatal deadliness in favor of fetus. As 

mother blood sugar extends placenta along with a vital energy for growing fetus. A high glucose 

in mother induces production of insulin in fetus which in turn encourages growth. That is why 

mother hyperglycemia is related with enlarged  size of fetus (macrosomia in fetus) that produces 

complications in labor and delivery and often results in high rate of caesarean section [42]. 

1.7 MODY (Maturity Onset Diabetes of the Young): 

A large figure of inherited disorders is coupled with DM. In fewer ancestors DM results from 

one gene mutation with autosomal-dominant-inheritance. Such sort of disorders is presented as 

MODY and makes for 5% of all cases of diabetes. 

Patients who have mutations in HNF1-α are declared as MODY,  bear  larger hypoglycemic 

reaction to sulphonylureas as compared to type 2 diabetes men. 
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Table 1. 4: MODY and its genetics [43]. 

 

1.7.1 Investigations: 

1.7.1.1 Urine testing: 

1.7.1.1.1 Glucose:  

Urine testing to detect the glucose is the common procedure in which sensitive glucose- specific 

dipsticks are used. The best way to perceive further cases of DM than fasting individual normal 

test shall be done on urine 1-2 hours following a food. Urinary glucose should be confirmed by 

blood testing. The person discrepancy in kidney threshold of glucose is the greatest disadvantage 

of urinary glucose analysis, low renal threshold for glucose is present in pregnancy plus juvenile 

community. kidney glucose is gentle state unconnected to DMs.  several drugs also change the 

result of the urine glucose test [44]. 

1.7.1.1.2 Ketones:  

Nitroprusside reaction is used to identify ketone bodies, that is particular for aceto-acetate. It is 

conducted by means of dipsticks/ pills for ketones. ketonurea can also be observed in normal 

people because of fasting or strenuous exercise for prolonged period, in repeatedly vomiting or 

intake of low carbohydrate and high fat content diet. Ketonurea is not patho-gnomonic of DM 

however if combined  with glycosuria then finding of DM is greatly expected [45]. 

1.7.1.1.3 Proteins:  

Strips used to detect the albumin in urine of diabetic people is a standard method to measure the 

renal damage. This will measure ˃300mg/L of albumin in urine [46]. 
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1.7.1.2 Blood testing: 

1.7.1.2.1 Glucose:  

The cheap blood enzyme glucose oxidase reaction is carried out to measure glucose in blood 

sample. But the time from eating to testing causes variation in glucose results. These are often 

used to check glucose in capillaries (finger prick). Capillary and arterial blood have higher 

concentration of glucose than blood in veins. Entire sugar blood concentration is lesser than 

plasma concentration since RBCs have low amount of glucose. The most reliable sample for 

glucose measurement is the venous plasma values [47]. 

1.7.1.2.2 Glycated Haemoglobin (GH):  

Glycated hemoglobin gives an objective and accurate quantification of glycemic control for 

weeks to months. In known diabetic patients  this can be utilized as assessment for glycemic 

control, but not sufficiently specific to make diabetes diagnosis [48]. 

In diabetic people the dawdling nonenzymatic covalent adherence of glucose to hemoglobin  

[glycation] enhances quantity of glucose to Hb (HbA1c) fraction than to non-glycated, adult 

hemoglobin (HbA). Chromatography is availed to separate these fractions. Glycated hemoglobin 

is recorded in laboratory as overall glycated hemoglobin (GHb), HbA or HbA1c. HbA1c is 

considered as preferred test in many countries.  The HbA1c formation ratio is directly related to 

the ambient blood sugar. 2 mmole/L in blood glucose level rise corresponds to 15 HbA1c rise in 

glucose concentration. HbA1c monitor the glucose level over a span of 120 days (RBCs 

lifespan), half life of the RBCs is 60 days normally [49]. 

 HbA1c values can be wrongly low in anemia or for the period of pregnancy also may be quite 

hard to measure in patients in uremia and hemoglobinopathy. In clinic HbA1c  is the calculated 
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once / twice per annum to review glycemic management, that will give help in patients treatment 

and identifying inconsistency / non-compliance [50]. 

Glycated serum proteins (fructosamine) is also analyzed. This gives an idea of glycemic control 

over the preceding 2-weeks as it has a shorter half- life [51]. 

1.7.3 Lipids of Blood: 

Amount of serum lipids e.g. entire cholesterol, high density lipoproteins-HDL, low density 

lipoproteins-LDL, cholesterol as well as triglycerides is another tool to check the overall 

metabolic contents of diabetic persons [52]. 

1.8 Establishing the diagnosis of Diabetes: 

 When DM is alleged the opinion is to be established by measuring RBS quantity larger than 

11.0mmole/L (199mg/d l) [53]. 

Once the value of RBS is higher than but not indicative of DM, glucose tolerance is to 

considered through  fasting glucose in blood  measurement or oral-glucose-tolerance-test 

(OGTT) [54]. 

People that cannot qualify the principle of  DM may have,―impaired glucose tolerance‖(IGT).or 

fasting hyperglycemia (impaired fasting glucose; while the fasting glucose is between 110 to 125 

mg/dl(6.1 and 6.9 mmole/l)).Such people have high risks of succession to frank diabetes with the 

passage of moment plus with cardio-vascular diseases.. 
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Table 1. 5: Hypoglycemic Symptoms [55]. 

 

1.9 Management: 

The treatment approaches of DM are 

1. Dietary/ Lifestyle modifications. 

2. Oral antidiabetic agents and  

3. Insulin by injection 

Along with hyperglycemia treatment other risk factors, the diabetic complications should be 

tackled,  e.g. hypertension, dyslipidemia and smoking cessation advice [56]. 

1.9.1 Directions for patients: 

It is necessary that all diabetic persons should comprehend and discover all features of their 

treatment lengthily. Normally it is a team work (physician, diet expert, specialist nurse and 

podiatrist) in outpatient situation. nevertheless people on insulin require day by day guidance 

first  but if it is impossible then hospitalization is the best way to treat the hyperglycemia [57]. 

It is important for them who use insulin that how to quantify their dosage of insulin by syringe/ 

pen. Such patient must have an operational information of DM and be common with the 

indications of hypoglycemia and must access to medical advice when they are in need of 
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statutory  regulation and practical advice on drug associated information should be given to 

patients [58]. 

It is a rational provision for persons who use insulin/antidiabetic drugs to wear a card describing 

names and address; the reality that  have insulin, the dose and nature of insulin and further 

antidiabetic agents, name, location and telephone number of concerned  physicians and one 

diabetic health center they visit [59]. 

1.9.2 Self-evaluation of glycemic control: 

Semi quantitative pre-prandial urine  testing to measure blood sugar control has foremost 

confines specially in type I DM and all with type II DM where a high threshold of kidney  for 

glucose hide hyperglycemia [60]. 

Insulin treated patients ought to be advised to conduct measurements of sugar in blood capillary  

by strips reading visually or with a glucometer [61]. Home self-monitoring of blood glucose 

gives advantages of rapid information about his sugar level and the patient is motivated to 

appropriate adjustments in his interventions on daily base. Therefore modification in schedule 

can be adapted, ketoacidosis escaped, observance with meal is promoted and almost regular 

metabolism is received avoiding fluctuating of blood sugar concentrations [62]. 

1.9.3 Recommendation for people with IGT: 

Such patients contain peril of development of type 2 DM and increased risk of cardio-vascular 

disorders. 

There is reduced risk of IGT progression to type 2 DM, if lifestyle modifications are adapted. 

IGT persons should be checked for yearly fasting blood sugar and cardio-vascular threat factors 

must be managed [63]. 
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1.10 Long-term supervision of Diabetes: 

The following checklist for follow up of patents with DM to be monitored. 

Table 1. 6: Check list for DM [64]. 

 

1.11 Therapeutic objectives: 

The plan of cure is to get rid of hyperglycemic symptoms and achieve as normal metabolism as 

is possible. Excellent glycemic management may also decrease the series of pancreatic-beta cell 

collapse. To minimize the risk of cardiovascular disorders development the recommended 
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HbA1c is 7% or less. But this is somewhat hard to attain and preserve with prolonged interval of 

DM [65]. 

Strict glycemic control in type DM enhances the risk hypoglycemia. That is why glycemic 

destination should be suitable to the physical conditions and age of persons. 

Blood sugar targets rely similarly on person’s requirements FBS values below 6mmole/L 

(108mg/dl) are ideal in type 2 DM. 

In type I DM people preprandial values between 5-8 mmole/L are ideal in whom value under 

4mmole/L must be avoided. 

DM Type2 patients are also be treated for hypertension dyslipidemia. The target for BP is 140/80 

mmHg and targets for lipid profile are: 

Total cholesterol: ˂ 5.0mmole/L (190mg/dl) 

LDL cholesterol: 3.0mmole/L (115mg/dl) 

Similar targets are achieved for type 1 DM [66]. 

1.12 Management of DM: 

Diet can adequately control fifty percent of fresh cases of diabetics. 20-30% of the cases will 

need oral antidiabetics and insulin will be required for 20-30% of cases. 

Irrespective of cause the method of management is observed by the competence of outstanding β 

cell function. Further this cannot be effortlessly decided merely upon the measurement of insulin 

amount in the plasma since a level that is appropriate in single person may not be adequate in 

another, relying on insulin sensitivity. 

Insulin secretion is related to the age and mass of the men and thus determines the type of 

treatment required.The target of ideal management of DM would permit a man to guide typical 
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life to maintain a symptoms free life and to overcome on the complications of diabetes. though a 

a small number of patients expire from ketoacidosis plus hypoglycemia.  

1.13 Dietary Management: 

Dietary restraints are required to achieve a good control on blood sugar. Nutritional advice 

should be sought depending upon lifestyle and age of person. 

Table 1. 7: Recommended diet for DM patients [67]. 

 

1.13.1 Composition of the diet: 

The recommended dietary composition of the diabetic patient is:  

1.13.1.1 Carbohydrate:  

For type 1 patient’s standard eating of carbohydrate is advised in foods all the way through the 

day. The introduction of modern insulin therapy especially when using insulin analogue/ 

constant, (CSII)subcutaneous-insulin-infusion has recommended larger changes in carbohydrates 

content and timing of meals [68]. It is now feasible to compare the quantity of carbohydrates 

content in food with the dose of short-acting insulin using-methods e.g. DAFNE (adjustment of 

dose for normal intake) though such kind of aggressive nutritional supervision need appropriate 

patient education. 
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For type 2 DM patients prevention of refined carbohydrate and restraint from whole intake of 

prime importance also ―Plate model‖ might offer a single image view of all proportion of 

carbohydrates and other foods for selections at meal times [68-69]. 

1.13.1.2 Glycemic index (GI): 

The GI of carbohydrate bearing meal is a gauge of the alteration in blood glucose next to its 

eating. Rise in glucose of blood (from fasting level) in 2– hours following intake of diet is 

matched with a standard food (e.g. sugar / white-bread), bearing equal quantity of carbohydrate. 

Where ―glycemic load‖ is the product of GI of the food plus the sum of carbohydrate in meal/ 

serving. Food utilization with low GI is advised as people will fabricate slow steady go up in 

blood sugar e.g. basmati rice, spaghetti, granny bread, noodles, beans and lentils [70]. 

1.13.1.3 Fats: 

Ingestion of overall fat must be limited to the low than thirty five percent intake energy, with 

saturated fat fewer than ten percent and 10 or 20% from monosaturated fat by expenditure of oils 

and spreads prepared of olive, groundnut or rapeseed oil.. 

Monosaturated fat is encouraged as chief supply of dietary fat because this will help the lipid 

report of plasma. Poly-unsaturated fat should constitute not larger than 10 percent of entire fat. 

Such type fats reduce total and LDL cholesterol, as well as decreases HDL cholesterol. The 

omega-3 fatty acids found in oily fish e.g. salmon mackerel. Sardines and herring help in 

prevention of cardio-vascular diseases [71]. 

1.13.1.4 Keto diet: 

With the keto diet, your body converts fat, instead of sugar, into energy. The ketogenic diet may 

improve blood glucose (sugar) levels while also reducing the need for insulin. 
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Generally, popular ketogenic resources suggest an average of 70-80% fat from total daily 

calories, 5-10% carbohydrate, and 10-20% protein. For a 2000-caloriediet, this translates to 

about 165 grams fat, 40 grams carbohydrate, and 75 grams protein. 

 

Figure 1. 5: Plate model for meal planning [72]. 

1.14 Weight Management:  

 Weight management for diabetic patients is a vital factor, since lofty ratio of type II patients are 

obese/ fat and also insulin and various antidiabetics favor weight gain. Belly obesity with 

augmented waist perimeter induces insulin-resistance and cardio-vascular risk [73]. 

Desired weight may be maintained by increasing in expenditure of energy by physical activity 

and reducing energy intake. 

Very low calorie diets(VLCDs) of less than 800kcal/day can produce rapid result of weight loss 

but such diets cannot be sustained for long-term as they will cause nutritional deficiencies [74]. 
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Apart from reducing calorie intake overweight persons are advised to do exercise regularly e.g. 

swimming, walking or cycling for thirty minutes daily since it promotes insulin-sensitivity and 

lipid-profile and diminishes BP [75]. 

1.14.1 Alcohols: 

 Alcohol should be taken in control except there is simultaneous abstinence. Alcohol decreases 

gluconeogenesis specially in patients using sulphonylureas or insulin. in United Kingdom the 

weakly devised levels are a utmost of 14 units in case of women and 21 unites  for males, a unit 

quantified  as partly pint of bear / lager , an amount of spirits or tiny glass of wine [76]. 

1.14.2 Salts: 

Patients of DM are advised to trim down Na eating not larger than 6 gm each day. Additional 

reduction of Na ingestion (low than  3 gm every day) is recommended for hypertensive diabetics 

[77]. 

1.14.3 Diabetic-food and sweetener: 

 Sugar free and little calorie drinks are beneficial for DM people. Many such items have sorbitol 

but are costly, elevated in calorie and may induce gastrointestinal related problems. Such items 

are discouraged as diabetic diet part [78]. 

1.15 Oral antidiabetic drugs: 

1.15.1 Sulphonylureas 

Mechanism of action: Sulphonylureas stimulate discharge of insulin from pancreatic beta.cells 

(insulin secretogogue). They act through specific receptors that are linked to K+ channels on beta 

cell surface. K+ transport stimulates insulin secretion [79]. 

Uses: sulphonylureas re used in   management of nonobese persons with type II DM these are 

not controlled with dietary measures alone. Moreover, cure by sulphonylureas oftenly coupled 
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with increase in weight that causes insulin-resistance and finally increase the overall disability. 

This will lead to the progression with insulin. 

The foremost discrepancy among each drug present in length of action, potency and price. 

The tolbutamide is first-generation sulphonylureas is fine tolerated and length of action is brief. 

It is taken 8-12hourly.  

Chlorpropamide has about 36 hours of half-life and is given once per day but causes severe and 

prolonged hypoglycemia. 

Second generation include gliclazide and glipizide, these trigger a small number of adverse 

effects although glibenclamide causes hypoglycemia. 

Newer extended acting drugs for example glimepiride and tailored discharge of gliclazide may 

be given one time per day free of hypoglycemic risk. 

Salicylates, phenylbutazone and antifungal drugs displace sulphonylureas from their binding 

sites and thus potentiate the hypoglycemic effect [80-81]. 

1.15.2 Biguanides:  

The available biguanides is metformin. It is still less widely used than sulphonylureas because of 

its gastrointestinal symptoms [82]. 

Mode of action: In non-diabetic individuals it does not cause hypoglycemic effect, but in 

diabetic patients it causes increased insulin sensitivity and peripheral glucose-uptake by 

activation of cAMP-regulatory kinase in muscles. It also decreases glucose absorption in gut and 

retard hepatic gluconeogenesis. For the glucose lowering effect endogenous insulin is required 

[83]. 

Uses: it is ideal drug in corpulent people as does not cause body weight gain. Metformin is 

administered along with diet 8-12-hourly.  The prescribed amount ranges 500-1000mg. it is 
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contraindicated in hepatic and renal patients. Metformin increases the risk of lactic acidosis in 

persons those drink alcohols in surplus. It ought be discontinue if it causes hypoxemia or  severe 

shock, in such conditions insulin is administered [84]. 

1.15.3 Alpha glucosidase inhibitors:   

These drugs delay absorption of carbohydrates in GIT through selectively preventing 

disaccharides. Miglitol or acarbose is available in and is taken with meal. Both improve overall 

glycemic control and lower post-prandial blood glucose. These may be combined with 

sulphonylureas. Side effects include abdominal bloating , flatulence and diarrhea [85]. 

1.15.4 Thiazolidinediones:  

Mechanism of action: These drugs attach and stimulate peroxisome-proliferator activated 

receptor-Ꝩ the nuclear receptor available in fatty tissue which regulate display of many genes 

indulges in metabolism which function by increasing role of endogenous-insulin. Their actions 

are both direct (in adipose cells) and indirect (by adipokines discharge e.g. resistin and 

adiponectin that change insulin sensitivity in hepatic cell). Moreover plasma insulin amount is 

not enhanced and no hypoglycemia is experienced [86]. 

Indications: Rosiglitazone/ pioglitazone are next therapy along with sulphonylureas in people 

who are prejudiced to metformin, or third line in recipe with metformin and sulphonylureas. 

Thiazolidinediones are used as mono-therapy and with insulin is probable boost [87]. In insulin 

resistance (abdominal obesity) persons they are more effective, as they redistribute fats from 

abdomen to subcutaneous depots. However total body fat and weight are increased with 

thiazolidinediones. Troglitazone has to be kept back since of hepatotoxocity and latest drugs 

would also be not recommended in disorders of liver, but studies have shown that hepatic upshot 

is only particular to troglitazone. Other drugs cause sodium and water retention, which is more 
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prominent if combined with insulin. These drugs should be avoided in cardiac failure patients 

[88]. 

1.15.5 Meglitinides and amino acid derivatives: 

This group also termed as prandial-glucose-regulators. Repaglinide is taken immediately prior to 

food and activates secretion of endogenous insulin. Nateglinide bears same mode of action, 

prescribed with metformin and restores first-phase insulin secretion [89]. 

1.15.6 Combined-oral antidiabetic management and insulin: 

In people in whom are required high dose of biguanides, sulphonylureas alone or in combination 

with each other or with thiazolidinediones, the introduction of insulin (intermediate / long acting, 

generally isophane) given in night improves glycemic manage and retards devastation of 

pancreas cells. 

The injected insulin decreases liver sugar production in night and lessen fasting sugar. Patients 

who do not have residual endogenous insulin secretion, for them such treatment is ineffective 

[90]. 

1.15.7 Incretin mimetics:  

For treatment of type 2 DM a new group of drugs have been launched. discharge of insulin in 

reply to raised sugar in blood is higher whilst glucose is administered orally, as compared to 

infusion in veins. This phenomenon is resulted from   secretion of GIT hormones/ incretins that 

enhance sugar-triggered insulin-secretion. 

GLP-I (Glucagon-like peptide) is incretin that activates secretion of insulin in glucose needy 

mode, and hypoglycemia is not likely. Furthermore, G L P-I declines glucose secretion, slows 

gastric emptying, suppresses appetite and promotes weight loss. It is administered by injection. 



CHAPTER 1  INTRODUCTION 
 

29 
 

As dipeptidyl peptidase IV rapidly metabolizes GLP-I, inhibitors of such enzyme will prolong 

the biological action of GLP-I. 

Similarly, long acting analogues of GLP-I are being promoted, those comprise of liraglutide 

plusexenatide (synthetic-exendin-4). Such products will be given in combination with oral 

antidiabetic agents, have to be injected by S/C route and induce sickness  [91-92]. 

Table 1. 8: Effects of antidiabetic drugs [93]. 

 

1.16 Insulin: 

Insulin is also used as first line of drug in the management of Type1DM as such patients 

pancreas cannot form insulin that is why such patient will rely on external insulin source purely.  

In the initial stage of life the pancreas is not entirely damaged so little bit insulin is formed by the 

person beta cells and will need low amount of insulin from external source, this low dose insulin 

required period, is called diabetic honeymoon . The duration and side effects of insulin are 

shown in table 1.9. 
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Table 1. 9: Duration of insulin action [94]. 

 

 

  

Figure 1. 6: Side effects of insulin [95].       
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2. LITERATURE REVIEW 

2.1 Succinimides 

Substituted succinimides are essential molecules of a lot of medicines as well as pharmacophore. 

Medicinal chemistry deals in formation and devising humanly valuable medicines. Imide ring in 

cyclic imide and their derived products CO–N(R)–CO–, enter the cell membrane and are availed 

as pharmacological moieties. Succinimides have multiplicity of actions in vivo and carry 

pharmaceutical uses as these are part of many active biological moieties. E.g. painkiller , CNS 

depressant , analgesic antitumor cytostatic anorectic nerve conduction blocking antispasmodic , 

bacteriostatic ,muscle relaxant , hypotensive , antibacterial antifungal [anticonvulsant  and anti-

tubercular [96]. 

Heterocyclic atom for example sulfur, oxygen and nitrogen are present in cyclic imides that 

contribute in formation of pharmacy products, other substances and agri-products.  Succinimides 

carry out the following functions e.g. antiepileptic, anticancer, painkiller and nephrotoxic. Other 

succinimides showed efficient antagonistic action in the ileum of Guinea pigs. These are also 

used to manage psychosis and depression. The introduction of imides with phenyl substitution 

has great impact in current research era [97]. 

2.2 Various derivatives of Succinimides 

Unique ketoesters derivative of succinimides were formed by Michael additions of α -ketoesters 

to N-aryl maleimides. These derivatives were then tested for their possible antioxidant potentials 

as well as anticholinesterase action. All molecules showed good enzymatic inhibition properties 

and moderate antioxidant potential [98]. Multiple analogues of pyrrolidinone  or  pyrrolidine   

were prepared and tested against Inha mark for tuberculosis species endurance [99]. 
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Other maleimides  derivates(1,4-naphthoquinones and xanthones)  were prepared and 

demonstrated effect in adenocarcinoma of human breasts especially  7aa  and  7ca  with a 

naphthoquinone  functionality were highly cytotoxic [100].  

Similarly, other derivative compounds   of pyrrolidine-2,5-dione were synthesized & tested for 

anti-anticonvulsant potential. Such experiment was conducted in in mice by intraperitoneal 

injection. Observations showed high level of safety by substance N -[{4-methylpiperazin-1 -yl}-

methyl]-3-(1-phenylethyl)-pyrrolidine-2,5-dione-monohydrochloride[101]. 

1,3-Dipolar cycloaddition was conducted, and the resultant heterocycles gave good yields. Such 

molecules were tested for antioxidant effect that demonstrated potent action. Moreover these 

compounds were investigated for antibacterial effect with promising results[102]. 

The new polyhydroxy triterpenoid derivatives were extracted the Terminalia chebula Retz, their 

structures were analyzed in detail. Such derivates showed very strong inhibitory action against 

Baker’s yeast α-glucosidase  [103]. 

25 derivatives of indole carbohydrazide (1-25) were made and evaluated  and showed good α-

amylase  inhibition results [104]. 

BCP-2 heteropolysaccharide extracted from fruits of blackcurrant by aqueous 2 phase system. 

Inhibitory effect for 20 glycation, α-amylase and α-glucosidase were tested. The BCP-2 

inhibitory action on 28 α-amylase    was found be reversible and demonstrated competitive 

inhibition. Moreover 29 BCP-2 exerted strong antiglycation effect in 15 days incubation period. 

These results suggested BCP-2 is a potential anti-diabetic [105]. 

Other study reported that ,  2-aryl benzimidazole  derivatives  1-45  showed good α-amylase  

inhibitory action [106].The dipeptidyl peptidase-4 (DPP-4) enzyme is a safe and vital step in the 

management of DM. Various silico studies like 3D-QSAR, pharmacophore modeling were 
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carried out to design triazine derivatives. For this twenty-five derivates were docked at functional 

spotof DPP4 and their effect were investigated. 

These compounds were evaluated for 28 days in streptozotocin triggered DM in mice and 

lowered blood sugar to the best extent [107]. Other study quoted that  Benzothiazole-triazole 

derivatives exhibited strong in vitro glucosidase inhibition [108]. 

An array of deacetylsarmentamide A and B derivatives and sulfonamides were formed and 

evaluated as a -glucosidase inhibitors with good outcomes. Besides  molecular docking was 

performed to trace and identify the mechanism of these molecules to a-glucosidase enzyme 

[109]. 

2.3 Some biological studies of Succinimides 

Other study reported that 2 newly designed heterocyclic 10-amino-2-methyl-4-oxo pyrimido[1,2-

a].benzimidazole (II) & 3.6-dimethyl-5-oxo-pyrido[3,4f][1,2,4].triazipino.[2,3-

a]benzimedazole(I)  exhibited strong inhibition for beta-galactosidase  & a-amylase, a-

glucosidase  [110]. 

The novel sequence of dihydropyrano[3,2-c]quinoline derivatives were synthesized and 

demonstrated excellent in vitro  a -glucosidase  inhibition upshot [111]. 

Mhaske et al  have been synthesized cyclic imides from primary amines and cyclic anhydrides 

with excellent yield. They have developed an efficient protocol  and novel  method  for the 

formation of cyclic imides. The extent of the developed practice is wide and pure products could 

be achieved without column chromatographic refinement, which makes it a commercially 

sustainable method. This facile one-pot imide forming method has been confirmed for a practical 

synthesis of vernakalant as one of the important steps [112]. 
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Scheme 2. 1: Cyclic imides from primary amines and cyclic anhydrides 

Marulasiddaiah et al  have synthesized a novel series of N-substituted cyclic imides of aza-

coumarins and coumarins. All the synthesized novel compounds were screened for their 

antifungal and antibacterial activities. Some of N-substituted phthalimide derivatives have been 

explored inhibition activities against α- Amylase enzyme of. All the novel class of compound 

was studied by IR, GC-MS and 
1
H-NMR [113]. 
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Scheme 2. 2: Substitution of cyclic imides via coumarin & aza-coumarin 

Klotz et al.  have suggested that amide methylation delivers an innovative reaction corridor for 

the γ-N-methyl aspargine as revealed in Scheme 2.3 [114]. 
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Scheme 2. 3: Amide methylation of succinimide 

Fabio et al. showed a simple and efficient procedure as exposed in Scheme 2.5 for the synthesis 

of new series of succinimide as 3-ethoxy pyrrolidine-2,5-diones, cis 2,3,3a,6a-tetrahydrofuro 

(2,3-c) pyrrole-4,6(5H) diones and bis 3-ethoxy pyrrolidine- 2,5 diones [115] . 
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Scheme 2. 4: New procedure for synthesis of succinimides derivatives 

Shetgiri et al.  reported production of substituted succinimide from a reaction of substituted 

maleimides and substituted phenyl methyl hydrazine as publicized in Scheme-15. The substituted 

maleimides were prepared from maleic anhydride and aniline through maleic acid (heated with 

acetate anhydride and anhydrous sodium acetate at 1000c for 6-7 hours). They also studied 

microbial activity of the synthesized compound [116]. 
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Scheme 2. 5: Substituted succinimide synthesis 

Various succinimides derivatives were synthesized with the addition of the different reagents to 

the maleimides. That’s why, the addition products are obtained with thiols, diazoalkanes and aryl 

azides, [117], dialkyl-substituted amines [118], hydrazine [119], as well as amine [120]. 

Maleimide developed as dienophiles in Diels-Alder reaction [121] and go through Friedel Crafts 

reaction via the aromatic hydro-carbons. Mustafa and their co-workers added piperidine to N-

aryl-maleimides with the help of benzene [122]. Afterward, Bergman explored associated 

reactions using tertiary-butyl alcohol [123]. 
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Scheme 2. 6: Piperidine resction to-maleimides in benzene 

Nathen and their co-worker synthesized the N-aziridinyl succinimide derivatives with the rection 

of isomaleimide and maleimide in existence of diethyl ether [124]. 

 

 

Scheme 2. 7: Aziridine rection to isomaleimide or maleimide  

Ahmed adopted the strategy of benzimidazole and maleimide mixing using acetonitrile and 

hydroquinone as a vehicle for synthesis of phenyl.benzimidazolyl-succinimide. The above-

mentioned compound preperation time was 24 hours [125]. 

 

Scheme 2. 8: Reaction of maleimide to benzimidazole  

Kishikawa et al., suggested the addition of benzyl amine and maleimide in the presence of  

benzene and sodium hydride as a catalyst. The same strategy was adopted by Briere et al., for 

nucleophilic addition of amines [126], using ethyl acetate as vehicle.  
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Scheme 2. 9: Benzyl amine addition to maleimide 

Ashraf and their co-worker synthesized the indolin-1-yl)-phenyl succinimide by the addition of 

indoline to N-phenyl maleimide. Glacial acetic acid was used as solvent system in this reaction. 

[127]. 

 

Scheme 2. 10: Reaction of indoline and maleimide 

Lawrence et al. prepared succinimides derivatives, including acetoxy.succinimide benzoic acid, 

carboxymethyl.succinimide and octylsuccinimide-. The adopted strategy for the abovementioned 

analogues synthesis was the condensation reaction of succinic anhydride with proper amine in 

glacial acetic acid at 100 
o
C. During the reaction, the intermediate was not removed which 

leaded to cyclization to respective matching  succinimides [128]. 

  

Scheme 2. 11: Succinic anhydride addition to amine 

William C. Grouts et al. explored various succinimides analoge via the addition of isobutyl 

succinic acid or 3- benzyls along with suitable amino acid. Benzyl succinic acid and Carbonyl 

diimidazole were properly dissolved in dry tetrahydrofuran (30 mL) under argon atmosphere. 
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The reaction mixture was chilled at 25 
o
C and further L-serine methylamine ester and 

triethylamine were further add to reaction and again started for about 1 day at normal room 

temperature [129]. 
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Scheme 2. 12: Isobutyl succinic acid addition to carbonyl di-imidazole tri-ethylamine 

Zakrzewski  & his fellows made addition of ethylenic bond in (n5 –C5H5)Fe(CO)2(η1- N-

maleimide) to  imidazoles [130]. 

 

 

Scheme 2. 13: Imidazole reaction to maleimide 

Joseph Vamecq  synthesized a library of succinimide analogs via adding N-phenyl derivatives of 

phthalimide. These succinimide derivatives were acquired via reducing nitro group which results 

succinic anhydride condensation with methyl-nitroaniline [131]. 

Scheme 2. 14: Phenyl phthalimide addition to succinic anhydride 
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Successive succinimides derivatives syntheses have also been reported by Jolanta Obniska and 

co-workers and further the Miller modified the method. The technique involved the excessive 

heating up to 200-220 
o
C for about 2 hours leading to cyclization of acids to imides of succinic-

acid. The reaction products were ascertained for its purity and completion by using TLC [132]. 

 

Scheme 2. 15: Succinic acid reaction to succinimides 

Roberto Ballini and colleagues prepared succinimides by the reaction of the N-substitutes 

maleimides to nitroalkane conditioned to the presence of 1,8-Diazabicyclo [5.4.0] undec-7-ene 

(DBU) as catalyst,  producing various products accordingly. During reaction, the reactants leads 

to exclusion of nitrous acid via surplus alkali utilized producing unsaturated compounds 

comparatively in good yield. However,  3-alkyl succinimide produced by reduction of alkylidene 

moiety. The catalytic hydrogenation in 10 % Pd/C can be employed for the reduction of the 

unsaturated succinimides [133].   

 

Scheme 2. 16: Nitroalkane reaction to maleimides 

Melchiorre and their co-worker produced succinimides derivative via the addition of the 

organocatalytic addition of dicarbonyl compounds with that of N-phenyl maleimide. In this 

reaction quinidine or quinine was used as catalyst at very low temperature -60 
o
C with good 

isolated yield [134].  
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Scheme 2. 17: 1, 3-dicarbonyl addition to maleimide 

Benito Alcaide and their co-workers investigated one-pot synthesis of pyrollidine-2-5-dione from 

β-lactamase aldehyde. For the synthesis of succinimide they reacted with p-anisidin with β-

lactam aldehydes along with catalyst like Tetrabutylammonium cyanide (20 mol %) in 

acetonitrile. For hydrolyzition of reaction mixture aqueous HCl was used. The isolated yield of 

this synthesis was enhanced than that of of 55 % from 44%. In this reaction three steps were 

there. These steps are first imine formation, secondly expansion of catalytic ring, and thirdly 

imine hydrolysis [135]. 

 
Scheme 2. 18: β-lactam addition of aldehydes to p-anisidine 

Gui-Ling Zhao formed derivatives of succinimides by designing the reaction mixture of 

propionaldehyde (0.50 mmol) and maleimide (0.5mmole). The reaction is conditioned to 

presence of enamine as highly enantioselective catalyst [136].                     

 
Scheme 2. 19: Propionaldehyde Addition to maleimide 
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Li-Yuan Wu reacted maleimide to enone at temperature 40 
o
C for two days and observed the 

Michael reaction derived from addition of enamine conjugation. This addition of maleimide to 

enone was so quick and succinimide derivative was formed with good isolated yield [137]. 

 

Scheme 2. 20: Di-methyl malonate addition to N-ethyl maleimide 

Zhiyong Jiang used bicyclic guanidine for the catalysis of Michael addition. In the current 

reaction, they added N-ethyl maleimide to dimethyl malonate. Guanidine was used as catalyst 

while Toluene as a solvent system. But very poor yield i.e. about 20 % and low 

enantioselectivity were obtained. When they changed the solvent system from toluene to 

triethylamine, then reaction was finished in 7-8 days at temperature -50
o
C having yield about 

90% [138]. 

Tahar Ayad et al. reacted various maleimide to that of asymmetric phenyl boronic acid. These 

reactions totally depend on the solvent system. Very high catalytic potential was observed when 

non-polar catalyst was used as compared to the polar catalysts. KOH was used as base in these 

type of reaction which was the most suitable and good base which were help in completion and 

formation of the compound. The condition for this reaction is toluene and water were used as 

solvent system with ratio of 9:1. The temperature for this reaction was 30 
o
C, reaction was 

completed in round about one and half day [139]. 
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Scheme 2. 21: Reaction of Phenyl boronic acid to Maleimides 

Savitha Muramulla explored various succinimides derivatives in excellent isolated yields with 

high diastereo and enantio-selectivity via reacted 10 mol % quinidine Thiourea solution and l-2-

chlorophenylglycine 10 mol %, in one mililiter toluene was further added to the acetone and N-

phenyl maleimide. The reaction solution was again stirred at room temperature til the reaction 

was fully completed. After that reaction solution was transferred into pre packed silica gel 

column. The yield of the reaction was about 99 % [140]. 

 

Scheme 2. 22: Reaction of N-phenyl maleimide to acetone 

Eduardo Torres followed another synthetic strategy employed for formation of succinimides 

derivatives by benzimidazole derived organocatalytic reaction of maleimide to acetyl acetone. , 

the reaction is co-catalyzed trifluoroacetic acid (TFA), in solvent medium of toluene at room 

temperature for one day, yielding up to 94 percent [141]. 
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Scheme 2. 23: Acetyl acetone reaction to maleimide  

Another researcher developed inducing strategy for synthesis of different succinimides 

derivatives by Michael addition, direct vinylogous addition of maleimides to allyl alkyl ketones 

via dienamine catalysis using 1, 2-diphenylmethane diamine. The above-mentioned strategy 

exhibited diverse multifunctional products, excellent yield (90 percent), and high level of 

enantioselectivity [142]. 

 

Scheme 2. 24: Alkyl allyl ketones addition to maleimide 

After successful reports regarding Ru (II) application in succinamide synthesis, another group 

established the cobalt (III) as catalyst for succinimides synthesis. The Cobalt has the advantages 

over Ru, as safe to environment, abundantly distributed, readily available, less costly, popular to 

reduce electro-negativity and less toxic. All these mentioned advantages proved cobalt an 

acceptable catalyst for the succinimides synthesis. The reporter has utilized the addition of 

ketoximes to maleimides  conditioned to the presence of Co (III) as catalyst [143]. 

2.2 Biological potentials of succinimides: 

In last few decades, succinimide & its derivatives have been screened and anlysed for its 

medically and therapeutically important biological actions. Several already reported 
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pharmacophores for diverse biological actions including anti-inflammatory, CNS-depressant, 

analgesic, anorectic,  cytotoxic, antitumor, nerve-induction blocking, hypotensive, anti-

spasmodic, bacteriostatic, anti-diabetic and muscle-relaxant have succinimide moiety in its 

structures [144]. 

Sudipta Saha & his fellows developed succinimides derivatives, by entirely new method 

including the thiazolidinediones replacement with pyrrolidinone, a chemically-conserved ring.  

The same strategy developed potential products including rosiglitazone (RGZ), troglitazone 

(TGZ) and pioglitazone (PGZ) which further proved biologically important. They assessed for 

their anti-cancer and anti-diabetic potential of the synthesized compounds. In general this 

schoolwork was established the importance of pyrrolidinedione analogues as an antidiabetic & 

anticancer [145]. 

 

Figure 2. 1: Importance of succinimide analogs 

Another author reported the discovery and preparation of diverse succinimides with enantiomeric 

2-amino-N-substituted for the epileptic seizures. The compounds had potential anticonvulsant 

properties against metrazole-induced seizures and electric convulsions. Out of all series of the 
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molecules, benzyl-methane sulfamido succinimides was found with best inhibitory effect against 

both metrazole-induced seizures and electric convulsions [146]. 

 

Figure 2. 2: Benzyl, 2-5 dioxopyrodine Methane sulfonamide 

Levy and its co-workers synthesized the derivatives of N-(perhydroazocinoalkynyl) and N-

(Perhydroazepinoalkyny1) succinimides, developed by scientists were further proved as 

antagonists for oxotremorine. The compounds also exhibited inhibitory potential of motor 

activity via the exotremorine, suggesting them strong anticholinegics with greater selectivity than 

atropine in the CNS. They also explored that the potency of these molecules might be enhanced 

if  2-butyne chain in the parent structure is splited via methylation right in between the amide 

nitrogen and acetylenic [147].  

 

Figure 2. 3: N-perhydro azocinoalkynyl succinimides 

Malamas and Taira displayed aldose reductase inhibition as well as fungicidal activity of 

succinimide derivatives. In the biological study of the said compounds they pragmatic that 

compound morpho-linomethyl)-3-phenyl succinimide was showed aldose reductase and anti-

fungal potentials [148] 
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Figure 2. 4: Morpholino methyl phenylpyrrolidine-2,5-dione 

Kornet prepared the,N-amino derivatives of succinimides by condensation reaction between 

hydrazines and succinic anhydridein reaction medium of glacial acetic acid. The synthesized 

derivatives were screened and assessed for anticonvulsant properties in acute convulsant models 

of rodents including metrazole-induced seizures and electric convulsions and neurotoxicity. The 

minimum effective concentration of the compound was estimated to be the 300mg/kg of body 

weight [149]. 

 

Figure 2. 5: N-amino succinimides 

Another study reported the synthesis and hypotensive potential succinimide derivatives 

conducted by Khadikar and Bhayade. These scientists undertook whole synthesis of succinimide 

derivatives and screened them for hypotensive activity in cats and dogs models. Finally, in result 

the compound 1-(2-hydroxy-2-(4-o-tolyl piperazin-1-yl) ethyl) succinimide exhibited best 

activity [150]. 
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Figure 2. 6: Hydroxy-o-tolyl-piperazin-yl-ethyl succinimide 

Another research, multiple succinimide derivatives are subjected and studied for their 

mechanistic approach  for blocking potential of cathepsin-G, elastase & proteinase-3 in the 

human leukocytes [150]. 

 

Figure 2. 7: Pyrrolidine-2,5-dione derivative 

Goehring and his colleagues introduced multiple 2-benzyl-succinimides as effective 

anticonvulsants. Initial testing of the prepared compounds showed that succinimides having 

lipophilic moiety with electron repelling potential, were proved good inhibitors of seizures 

induced by ScMet and MES. All the compounds and 2-phenyl-succinimide analogs displayed 

decreased ScMet triggered seizures score with slight more potency in MES. The inhibition was 

quantitatively compared with ethosuximide, after i.p. administration of compounds in mice, the 

data exhibited better anti-convulsant potential than that of ethosuximide. However, the toxicity 

profiling in the rotarod test, exhibited more neurotoxicity in the compound treated groups than 

that of ethosuximide [151]. 
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Figure 2. 8: 2-benzyl succinimides 

Anti-psychotic impact of the varied synthesized derivatives was analysed by researchers. During 

their study, they explored the binding dentencies of their compounds with dopamine (D2) and  

serotonin (5HT2) receptor site and shown antagonistic action of these receptor, as a result, might 

be beneficial agent in maintaining strength and usefulness for both optimistic and pessimistic 

aspects of schizophrenia along-with few undesirable effects [152]. 

 

Figure 2. 9: Tandospirone 

Yuichi Hashimoto made the novel, succinimides N-substituted phthalimide derivative resulted in  

diverse organic behaviors via human leukemia cell-line in similar pattern as produced by TNF-

alpha, okadaic acid or tetra-decanoyl phorbol-acetate (TPA). The authors corelated phthalimide 

moiety via reactin of benzyl and phenyl pthalimidies with phthalimide for rationale of TNF-

alpha, okadaic acid and TPA induce production [153]. 
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Figure 2. 10: 2-phenyl-iso-indoline-1,3-dione 
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Omran Fhid also synthesized many succinimides derivatives and presented it for the 

antinociceptive impact through abdominal constriction test in animal model. Comparatively the 

administration of the 4-(2,5-dioxopyrrolidin-1-yl)-2-hydroxybenzoic acid motif considerably 

most potently gave analgesia (60-90 percent) as compared to another set. The result of discussed 

work exhibited that electrostatic properties were allied for analgesia and electron withdrawing 

component of molecules were augmented for effect. [154]. 

N

O

O

COOH

OH

 

Figure 2. 11: 4-(2,5-dioxopyrrolidin-1-yl)-2-hydroxybenzoic acid 

D.R. Barn & fellows prepared succinimides along their base-analog of sulfonamide. Moreover, 

the researchers analysed the respective compounds for selective inhibition opioid receptor, 

especially delta one (DOR). Already various selective DORs inhibitors were discovered, but 

ultimately facing problem of pitiable hydrophilicity i.e. <100 µg/mL. The currently discussed 

discovery of compounds were with improved physicochemical properties, including high 

hydrophilicity & affinity achieved by modification of phthalimide moiety with basic group 

permitting easy development of the salt form [151]. 

 

Jolanta obniska et al. synthesized a sequence of N-Substituted-Bicyclo-[2.2.1]-Hept-5-Ene-2,3-

Dicarboximides. He described that anticonulsant activity is high when the nitrogen atom was 
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attached at 3 position of  pyrrolidine 2, 5, dione ring. It was also found that the kind and position 

of substituents in the aromatic area had a significant effect on the activity of those compounds 

[155]. 

 

Figure 2. 12: N-Substituted derivatives of succinimides 

Loret & Dier introduced diverse set of triphenylene complexes. Such a compounds possessed 

succinimide moiety and screened by switching to strike on Tat-(HIV-I) & leaded to inhibition. 

The coupling reaction has been employed in the present synthesis between succinimide & 

dihydro triphenylene 5-carbon ring [156]. 

N

O

O

 

Figure 2. 13: Dihydro triphenyl pyrrolidine-2,5-dione 

Another study conducted by Indian scientists suggested the synthesisa series of succinimides 

derivatives with piperazine. Moreover, the binding activity for various targets was assessed 

including serotonin receptors (5-HT2A & 5-HT1A) and dopamine receptor (especially D2). The 

synthesized tested molecules explored for anxiolytic potential in animal models and  various 

other therapeutic effects [157].   
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Figure 2. 14: Piperazine derivative of succinimides  

Some researchers screened numerous derivatives of isatin, phthalimide as well as succinimides, 

with peculiar structural moieties for beta-lactam antibiosis. The action was correlated with natal 

potentials of prepared derivatives and proved effective for action like beta-lactam antibiotics 

[158]. 

 

Figure 2. 15: Acetic acid succinimide derivatives 

The twenty five novel succinimide derivatives were synthesized and explored for 

pharmacokienetic properties & lipophilicity. The study was planned to ascertain the retention 

behavior of  25- derivatives from biological system. The compounds had speciality of having a 

pharmacophore of atypical antiepileptic features. The lipophilicity was experimentally estimated 

two techniques including TLC and HPLC augmenting proficient intestinal absorption. Another 

pharmacokienetic property, related to availability of drugs at action site is  plasma-protein-

binding (PPB) which was evaluated in the cited study. The compound designated as ―A‖It has 
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resulted in excellent intestinal absorption and plasma-protein-binding properties out of all 

respective derivatives [159]. 

 

 

Figure 2. 16: Succinimides derivatives 

M. Zafer evaluated 2-ethyl 2-methylsuccinimide, ethosuximide for neuropathic pain processing. 

The anticonvulsants mostly desired to have the suppressive effect on inflammatory or neuroathic 

pain mediators. The convulsions are associated with neurological changes and anticonvulsants 

modulate the pain processing pathways via their potentials for modulation voltage or ligand 

gated channel involved in nociception. Multiple mechanisms were suggested for ethosuximide 

action. In various types of  epilepsy it is suggested for blockade of for the low voltage sensitive 

Ca
+2 

channels [160].                        

                                     

Figure 2. 17: 2-ethyl 2-methylsuccinimide 
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Hyekyung Cho & co-workers developed library of effective succinimides CNS disorders by 

implementing the high-throughput-screening procedure. In quite large range of CNS disorders, 

the glutamate-receptor-Subtype-1 (mGlu1) pathway modulation might be effective way of 

mangement. The various probe molecules available were not completely explored  for their  

therapeutic potential on modulation of  mGlu1 pathway. Taking in view this gap, sequence of 

synthesized molecules displayed inhibition metabotropic mGlu1 in rats [161]. 

 

Figure 2. 18: Dimethyl-aza-bicyclohexan phenyl nicotinamide 

In another study, developed the succinimide derivatives were evaluated for local anesthesia using 

tail-immersion-assay. Newly formed molecules, exhibited 2 percent inhibition which increased 

significantly extended in thermal stimulus by 124 percent, more than that of the reference drug. 

The reference drug used was an eminent sodium channel blocker (phenytoin) with potential 

strength. They prolonged the latency time by 84 percent thermal stimuli [162]. 

Succinimides scaffold draw the special attention of medicinal chemist as it plays significant role 

in the various diseases. Because of its importance such derivatives have been synthesized and 

studied our group from the past few years. 

Thiazolidinediones (TZDs) insulin sensitizers group and glucophage (metformin) were reported 

to use in heart failure people [163].A research was conducted stating that gluconeogenesis is 
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monitored by PEPCK [Phosphoenolpyruvate carboxykinase] and PEPCK gene expression is 

present in most diabetic models, contributing high output of sugar from liver. Further it was 

added that troglitazone inhibited the PEPCK gene expression. Vitamin E tocopherol is present in 

troglitazone but not in other members of TZDs that is why administration of vitamin E to liver 

cells inhibits  PEPCK gene expression [164].  

PPARs (Peroxisome proliferator‐ activated receptors) are nuclear receptors present in 

macrophages- monocytes whereby the regulate cholesterol homeostasis. The role of PPARs 

agonists were found to be allied with decrease uptake of glycated LDL and might influence  

atherosclerotic progression connected with DM [165]. 

New approaches were developed for example GLP1agonists, that is glucagon like peptide 1 

receptor that will improve radial insulin release and enhance satiety, Sodium–glucose 

cotransporter 2 inhibitors that accelerate glucose elimination through kidneys, 11β-

hydroxysteroid  dehydrogenase 1 inhibitors that decline the effects of  glucocorticoid in fats plus 

liver as well as glucose output inhibitors [166].It was purported that TZDs have grave adverse 

effects. Natural molecules that have agonistic effect on PPARg have explored which are 

selective modulators of PPARg, transactivate the PPARg-dependent receptor gene expression 

[167].If there is resistance to insulin b-cell will release enough insulin to keep the glucose in 

normal physiological range. Hyperglycemia resulted when b-cells could not secrete adequate 

insulin in the existence of insulin resistance. B-cells failure to release insulin has fairly a genetic 

component but environmental factors do affect liver cell failure. Recent  research established the 

elementary role of amino acids, fatty acids and hexose in insulin resistance-cell dysfunction and 

latent role of changes in microbiome [168]. 
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New pharmaceutical compositions, including methods for their preparation and for their use in 

preventing or relieving diabetic complications are disclosed. More specifically, the  

pharmaceutical compositions of this invention comprises 1,3 dioxo 1H-benzdelisoquino line-

2(3H) acetic acid, and optionally substituted derivatives thereof together with their 

pharmaceutically acceptable salts [169]. TZD and its derived molecules were used in conjunction 

with GLP-1 activator for DM treatment to play down adverse effects [170].  

A recent intervention was found that co-administration of long acting-insulin conjugate along 

with  long acting insulinotropic-peptide conjugate subdued weight gain nausea plus vomiting and 

minimized required dose of insulin thus enhanced drug adherence [171]. 

2.4 Aims and Objectives 

 To prepare a diverse range of succinimides with cyanoacetate functionality. 

 To explore the in-vitro antidiabetic potential-of the synthesized compounds... 

 To figure out the acute, toxicity profile of the synthesized compounds. 

 To use the prepared compounds in antidiabetic tests using experimental animals. 

 To discover the role of succinimides in managing of diabetes. 
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3. MATERIALS AND METHODS 

3.1 Chemicals and drugs: 

 For the synthesis of cyanoacetate derivatives of succinimide the following chemicals and drugs 

were used: 

Ethyl-2 cyano-2 phenylacetate CAS Number: 969176, N-phenylmalemide CAS NO.941-69-5,  

N-cyclohexylmalemide CAS Number: 1631-25-0, N-methylmalemide CAS No. 128-53-0,  N-

ethylmalemide CAS No. 128-54-0,  Methylcynoacetate105-34-0, Sigma Aldrich creatinine CAS 

60-27-5, Potassium hydroxide CAS 1310-58-3, Hydroxyquinoline 1310-58-38, TLC 148-24-3 

Merck Germany,  Silica-gel 60-F254, CAT 105554,  Silica gel powder CAS 7631-86-9, n-

hexane, CAS 110-54-3, Sigma Aldrich Germany methanol CAS 67-56-1, Ethyl acetate141-78-6, 

Chloroform-67-66-3,  Alcohol CAS 64-17-5,  Alpha-glucosidase9001-42-7, Alloxan, ALX2244-

11-3, HCL 7647-01-0,  Potassium per sulphate7727-21-1, Acarbose 56180-94-0, Starch 9005-25,  

DMSO CAS 67-68-5, KH2PO47778-77-0,Dinitrosalicylic acid 609-99-4, Tween 809005-65-6, 

Alpha amylase CAS No: 9000-90-2, Sodium nitroprusside  CAS Number: 13755-38-9, Sodium 

dodecyl sulphate CAS Number: 151-21-3, Thiobarbituric acid CAS Number: 5217-47-0.  

3.2 Instruments 

UV spectrophotometer (Model-UV1800, Japan), Microplate-reader (Model,ABS220-4 

BiotekUSA) ,Rotary,Evaporator (Model Heidolph HB digital Germany), Electronic-Balance 

(Type ABS220-4 Germany),  NMR (Type EOL ECX 400 NMR), UV-lamp  (Type ST001045, 

Daihan-scientific Co. Ltd. Korea), Disposable syringe (Shifa L.No SSYJXSCX2001/0210). 

 

 

https://www.sigmaaldrich.com/catalog/search?term=128-53-0&interface=CAS%20No.&lang=de&region=DE&focus=product
https://www.sigmaaldrich.com/catalog/search?term=128-53-0&interface=CAS%20No.&lang=de&region=DE&focus=product
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3.3 Synthesis of cyanoacetate derivatives of succinimide: 

For the current study various cyanoacetates were supplemented to dissimilar N-substituted, 

maleimides in presence of proper catalyst creatinine in conjunction with KOH or KOH and 8-

hydroxyquinoline. The blend of the reactants was put upon magnetic stirrer until the reaction 

completion. Progression of reactions was checked by TLC plates. After entire conversion of 

reactants into products reaction was stopped by adding up appropriate quantity of aqueous phase 

to it. Organic portion was isolated from aqueous layer by means of separating funnel. For 

separation organic phase procedure was 3 times repeated. After separation organic portion of 

reaction was dehydrated by rotary.evaporator. The dried crude muddle was mounted on silica gel 

for putting in column for cleansing with multiple polarity of solvent e.g. With pure n-hexane  (n-

hexane :.ethyl acetate,95:5)  (n-hexane :.ethyl acetate,90:10), (n-hexane :  ethyl-acetate, 85:15) 

[60]. 

 

3.4 Description and structure elucidation: 

The product appearance, Rf-values as well as collected yields of purified products were noted 

separately. For structure elucidation, individual compound was subjected to 
1
H,NMR, 

13
C-NMR 

as,per defined protocol. Chemical shift of signal noted as parts per million (ppm) downfield from 

trimethylsilane, {TMS=0} availed inner standard. Multiplicities appearance were abridged as (d: 

doublet, s: singlet,  q : quartet, t : triplet, m : multiplet ). Coupling constant , J values calculated 

as Hz [172]. 
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3.5 Biological evaluations: 

Following experimental work was performed to explore the activities in the synthesized 

compounds: 

3.6 Antioxidant activity: 

3.6.1 DPPH-free radical-scavenging test 

Free radical, scavenging potential of prepared molecules was analyzed using, Sigma Aldrich 

USA DPPH. Varied strengths (500, 250, 125, 62.5 & 31.25 μg/ml) of analyzed compounds were 

made in methanol. 2 ml of DPPH solution,.0.002% in methanol, was muddled with 2 ml of 

varied strength of tested products separately in test tube. At room temperature test tubes were  

kept in dark for thirty min, and absorbance was noted at 517 nm using UV spectrophotometer. 

Ascorbic acid was availed as standard and entire process was repeated 3-times [98, 173].The % 

scavenging,activity of tested specimen was measured using the formula, 

 

 A shows absorbance of DPPH while B is absorbance of tested samples plus DPPH. The checked 

substances strengthsresulting in 50% inhibition (IC50) were recorded from graph of % 

scavenging-effect versus tested molecules strength in solution. 

3.6.2 ABTS free radical-scavenging test: 

ABTS was conducted as per reported procedure [174]. This test is dependent upon ability of 

antioxidants to scavenge, ABTS radical cation causing a diminution in absorbance at 745 nm. 

The ABTS solution was made by addition 7mM ABTS plus 2.45mM potassium per sulphate 

samples (Riedel-de Haen Germany) and then incubating it at room temperature in dark for 16 h. 

Prior to the assay, the solution was further weakened with methanol to deliver an absorbance of 

0.790 ± 0.001 at 734 nm. Varied strengths (500, 250, 125, 62.5 & 31.25 μg/ml) of synthesized 
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products were formed in the methanol. ABTS solution (3 ml) was poured to each strength of 

analyzed samples and absorbance was recorded for six minutes after one-minute incubation. 

Antioxidant activity estimations were performed thrice. Ascorbic, acid was exploited as 

reference. 

The percent scavenging potential of the tested compounds calculated using  formula, 

 

A is ABTS absorbance as well as B is ABTS absorbance of the tested sample together. 

IC50 values were calculated using Microsoft excel program. 

3.7 Glucosidase inhibition activity: 

For sample preparation first 1200 ul of phosphate buffer was poured in a test tube to this added 

100ul from each synthesized compound ranging from 500, 250, 125, 62.5 & 31.25 μg/ml. 200 ul 

of glucosidase (0.5 mg/11 ml distilled water) was added to test tube plus 200 ul of substrate 

solution glucopyranoside 15 mg/10ml distilled water) was kept at 37 
o
C for 20 minutes. 

For control 1200 ul of phosphate buffer was added  to test tube and also added 200 ul enzyme 

solution and 200 ul of substrate solution (glucopyranoside 15 mg/10 ml distilled water) as well 

as added 800 ul of Na2CO3 solution and was  kept at 37
o
C for 20 minutes [175].  After the 

prescribed time absorption of control and sample was checked at 405 nm by following formula: 

 

3.8 Alpha amylase assay: 

Alpha amylase potential was checked employing  the previously standard reported protochols 

[176]. Enzyme  was formed in phosphate buffer. Afterward various strength of the tested sample 

was supplemented to enzyme mixture and permitted to stand. The tested sample-mixture was 
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incubated for specific temperature. The starch solution was insert to it. After incubation, di-nitro-

salicylic acid solution was added to tested as well as control mixture solution. The sample 

mixture was maintained at heating boil water for some time. Then absorbance was considered at 

656 nm via microplate-reader. Percent-inhibition of α-amylase enzyme was computed from 

following formula:  

 

3.9 In-vivo study: 

3.9.1 Test animal: 

Albino mice,3-4 weeks older, weighing 20-30gm were utilized for in vivo section of this study. 

They were obtained from the N.I.H, Islamabad, Pakistan and reserved in clean boxes under 

stranded laboratory facilities with temperature 25+2
o
C, humidity 50 +5% along with twelve-hour 

light-12-hour dim period and was fed with prescribed mice nutrients tape water plus libitium. 

The experimental-protocol was recommended and approved by the, Ethical board 

(PHAR/DREC/049), Pharmacy department  University of Malakand. 

3.9.2 Acute toxicity: 

For determination of toxicity  profile of prepared compounds animals were keen on experiment 

and control-groups having 5 animal in every group. The prepared compounds were checked 

orally in stregth of 200-1500 mg/kg of body weight. Following administration test animals were 

observed for 3 days for any strange reaction for example, respiratory distress, convulsion, 

writhing and  changes to reflex activity [177-178]. 
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3.9.3 Induction of diabetes: 

In order to induce to induce diabetes mice were kept fasted for at least 8-12 hours but were given 

water only. The diabetes was triggered by administering 150mg /kg  alloxan I/P. Control group 

was injected NS I/P. Following induction of DM glucose in blood concentration was calibrated 

with glucose meter. Just diabetic animals were proceeded for advanced tests [179-180]. 

3.9.4 Experiment Design: 

Mice were randomly divided into 7 groups (each group 5) and the blood glucose level was 

checked   at 0th 7th, 14th and 21 days of treatment and dose was given once a day.  Based On in 

vitro findings we proceeded UOM 12, UOM 13, UOM 14 and UOM 15 compounds only for in-

vivo study. 

Group I: This was Control nondiabetic and given NS (normal saline) only. 

Group II: This group was given 5% Tween 80 only. 

Group III:  this diabetic group received GB (Glibenclamide) in dosing range of  500, 250, 125, 

62.5 & 31.25 μg/kg). 

Group IV: this diabetic group received testing compound UOM12 (in dosing range of  500, 250, 

125, 62.5 & 31.25 μg/kg). 

Group V: received testing compound UOM13 (in dosing range of 500, 250, 125, 62.5 & 31.25 

μg/kg) 

Group VI: this group received testing compound UOM14 (in dosing range of 500, 250, 125, 62.5 

& 31.25 μg/kg) 

Group VI: this group received testing compound UOM15 (in dosing range of 500, 250, 125, 62.5 

& 31.25 μg/kg) 
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3.9.5 Biochemical Assay: 

Blood samples was collected from retro-orbital plexus of each animal under soft anesthesia at 0, 

1, 2 and 4h and on 0
th

, 7
th

 14
th

, 21
st
 days following pure given compounds. Blood glucose was 

assessed by method of enzymatic glucose oxidase. The reduction in the level of blood glucose 

was calculated with that reference to the initial level. The body weight of all animals was 

calculated on the 0, 7
th

, 14
th

 and 21
st
 days after one hour of administration with compounds and 

GB. 

3.9.6 Glucose Tolerance Test: 

Before the termination of in-vivo experiment, the oral glucose tolerance test (OGTT) was 

conducted to check the capacity to respond appropriately to a  exogenous glucose  load. 

For this reason, overnight fasted animals (control plus treated animal) were given dextrose orally 

and blood was collected at 0, 30, 60,and 120 minutes interval from orbital sinus for glucose 

assessment using a glucometer. 

3.9.7 Tissue Homogenates preparation 

Animals were slaughtered under anesthesia post drug-therapy and pancreatic tissue was dissected 

out in ice-cold buffer. Tissues were subsequently homogenized following previously reported 

steps [181]. The homogenate was centrifuged at 3000xg (RPM) and was obtained and collected 

before additional investigation. 

3.9.8 Lipid peroxidation and thiobarbituric acid reactions 

In this assay, test samples (100µL) was varied with the reaction mixture comprise of  30 µl of 

0.1M pH 7.4 Tris-HCl buffer,samples (0–100 µL) & sodium nitroprusside (SNP) (5 µM) were 

formed. Last volume was adjusted up to 300 µl with D/ water and incubated at 37 °C for 3 h. The 

color reaction was developed by adding 300 µl 8.1% SDS (sodium dodecyl sulphate) to the 
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reaction mixture with following addition of 600 µl of acetic acid/HCl (pH 3.4) mixture and 600 

µl 0.8% TBA (thiobarbituric acid). This mixture was kept at 100 °C for 1 hour. TBARS 

(thiobarbituric acid reactive species) produced were calculated at 532 nm and presented as 

malon-di-aldehyde (MDA) equivalent was deliberated. 

3.10 Enzymes kinetics studies: 

Lineweaver-Burk plots (1/v versus 1/[s]) where v is the reaction velocity and [s] is substrate 

strength was plotted from tests employed a variety of samples strengths. The Km and Vmax values 

were calculated using Michaelis-Menten kinetics. 
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4. RESULTS AND DISCUSSION 

4.1 Synthetic procedure for the synthesis of cyanoacetate derivatives of succinimides 

Cyanoacetate derivatives of succinimide are multipurpose and valuable building unites for the 

frmation of nitrogen-containing compounds and have various pharmacological potentials. 

Interestingly  for the formation of cyanoacetates and maleimides, cycloaddition reactions   & 

Michael addition and are feasible. In the current study we prepared different Cyanoacetate 

derivatives of succinimide and explored their antioxidant  and in vitro and in-vivo anti diabetic 

potential.  Pioglitazone and rosiglitazone are two blood glucose lowering molecules that  belong 

to the thiazolidinedione group  that have almost similar structure to that of succinimides. In the 

presence of 20 mol% KOH and creatinine in chloroform (2 mmol) N-substituted maleimides 

were added to stirred solution of cyano-acetates.  The reaction was stopped by addition of 

sufficient quantity of water at the end of the reaction by TLC. Separating funnel was used to 

collect the chloroform section. Three times the organic section was collected (each time 15 ml), 

Rotary evaporator apparatus was availed to dry the organic layer. In order to load into the 

column the product was adsorbed  at silica gel  [182]. In column chromatography n-hexane and 

ethyl acetate were used as solvent. The  product yield of the mixture was calculated from the 

purified synthetic compounds.  The structures of the synthesized compounds are given below in 

figure 4.1. 
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Figure 4. 1: Structures of the synthesized compounds (UOM1-15). 

4.1.1 Compound UOM1: 

The UOM1 compound was obtained in a 19 hrs reaction time with an isolated yield of 92 

percent as White color compound. The retardation factor value was 0.43 in 5:1 ratio of 

dichloromethane and methanol. 
1
H-NMR (400MHz, Chloroform-D): δ 2.52 (dd:1H, J - 9.15, 

16.90 Hz); 2.77 (dd:1H, J = 5.93, 16.90 Hz ) , 3.91 (s, 3H), 4.66-4.41 (m:2H), 8.72 (brs=1H); 

13
C-NMR (100MHz, Chloroform-D): 31.25,47.85, 51.95, 60.38, 115.90, 164.74, 173.69, 175.21; 

The purity of UOM1 was observed 98.5 percent by HPLC analysis with retention time of 6.2 

mints. The elemental analysis of UOM1 (C8H8N2O4): Calculated:  48.98 for C, 4.11 for H, 14.28 

for N;. Observed: 48.92 for C=, 4.13 for H 14.30 and for N=. The m/z observed value of the 

compound was 197.2 [M+H
+
]. 
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Figure 4. 2: 
1
HNMR spectrum of UOM1. 
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Figure 4. 3: 
13

CNMR spectrum of UOM1. 

4.1.2 Compound UOM2: 

UOM2 reaction time was noted to be 24 hrs and  product color was found to be white having 92 

percent of yield with retardation factor 0.48 in 5:1 ratio of dichloromethane and methanol.
1
H-

NMR (400MHz, Chloroform-D): δ : 2.44 (dd;1H, J : 5.50, 16.50 Hz); 2.80 (dd:1H, J :6.90, 16.50 

Hz:); 3.04 (s: 3H -NCH3), 3.97: (s: 3H,)4.63-4.37 (m;2H,), 
13

C-NMR(100MHz, Chloroform-D): 

25.65; 30.74, 48.28, 51.80, , 61.21, 113.77;163.41, 173.11, 175.18,  HPLC analysis confirmed 

97.7 purity of UOM2 (C9H10N2O4)  with retention time 5.5 mints and calculated values for: 

N:13.33, H:4.80 and C: 51.43 whereas found values were ,N: 13.35, H: 4.81 & C: 51.37, mass to 

charge value was recorded as 211.2 [M+H
+
]. 
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Figure 4. 4: 
1
HNMR spectrum of UOM2. 
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Figure 4. 5: 
13

CNMR spectrum of UOM2. 

4.1.3 Compound UOM3: 

The UOM3 was formed in 21 hours of time with yellowish color & 92 percent of the yield. 0.42 

was found to be the retardation factor value in  5:1  dichloromethane &metanolreaction 
;   1

 H-

NMR (400MHz, Chloroform-D): δ1.45 (t;3H, J = 4.90 Hz),  2.44 (dd; 1H  J = 8.30, 17.20 Hz) 

2.75 (dd: 1H; J = 5.40, 17.20 Hz;  3.04-3.02 (m:1H); 2.87-2.84 (m:1H) 4.62-4.38 (m; 2H); 3.97 

(s, 3H):
13

C-NMR (100MHz, ChloroformD):  16.28, 25.73, 31.61,47.05, 54.03, 62.48, 114.30,; 

164.07, 173.44;174.91,: 98.8 percent of purity was recorded by HPLC method with retention 

time of 8.3 mints; the elemental analysis of UOM3 (C10H12N2O4  ); calculated  for  N is 12.49, 

for H is 5.39 and for  C is 53.57 :while observed values are for N 12.46,  for H 5.37 and for C is 

53.61; mass to charge to ratio of the compound was recorded as  225.3[M+H
+
]. 



CHAPTER 4  RESULTS AND DISCUSSION 

70 
 

 

 

Figure 4. 6: 
1
HNMR spectrum of UOM3. 
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Figure 4. 7: 
13

CNMR spectrum of UOM3. 

4.1.4  Compound UOM4: 

UOM4 was formed in 32 hrs and color of compound was yeloow with 93 percent of yield 

collected with a retardation factor of 0.51 in 5:1  dichloromethane & methanol,
1
H-NMR 

(400MHz, Chloroform-D): δ :1.63-1.34 (m, 6H);1.79-1.74 (m; 2H), 1.98-1.84 (m: 2H), 2.50 (dd; 

1H,;J = 9.10, 16.80 Hz ), 2.70 (dd:1H, J = 5.70, 16.80 Hz:), 3.08-2.94 (m; 1H),3.95 (s, 3H),  

4.57-4.34 (m,2H),
13

C-NMR(100MHz, Chloroform-D):  7.11; 7.73, 14.21, 23.61, 23.80, 27.92, 

30.95, 48.12, 52.91, 62.93, 114.21, 164.27, 173.10, 175.48, By HPLC analysis compound was 

97.7 percent with retention time of 10.6 mnts. By elemental analysis UOM4 (C14H18N2O4):, 

calculated for N 10.07, H  6.52; and for C  is 60.42  while observed value was recorded as for N 

10.09, H 6.54 and  for C I 60.31, (m/z) value was found to be 279.2 [M+H
+
]. 
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Figure 4. 8: 
1
HNMR spectrum of UOM4. 

 



CHAPTER 4  RESULTS AND DISCUSSION 

73 
 

 

Figure 4. 9: 
13

CNMR spectrum of UOM4. 

4.1.5 Compound UOM5: 

 UOM5 took 17 hrs for complete formation   from reactants, having white color with good yield 

of  92 percent with retardation factor of  0.41 in 5:1  dichloromethane & methanol 
1
H-

NMR:(400MHz, Chloroform-D): δ 2.50 (dd:1H, J = 9.10, 17.10 Hz), 2.78 (dd. 1H; J = 4.70, 

17.10 Hz ),4.57.4.39 (m; 2H), 7.33-7.24(m; 3H):;7.38-7.32 (m; 2H), 3.97 (s; 3H), 
13

C-

NMR(100MHz, Chloroform-D): 174.83, 172.35, 164.63, 129.62, 129.56, 128.34, 127.84, 64.32, 

52.73, 46.81, 31.24;  Using HPLC assay UOM5 was declared as 95.1 percent pure  having 

retention time of 11.8 mints; elemental analysis of UOM5 (C14H12N2O) is: calculated for N 

10.29,H 4.44and for C 61.76 while actual  analysis values are  N, 10.31 ;H, 4.46 C, 61.70; 

similarly m/z value was 273.1 [M+H
+
]. 
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Figure 4. 10: 
1
HNMR spectrum of UOM5. 
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Figure 4. 11: 
13

CNMR spectrum of UOM5. 

4.1.6 Compound UOM6: 

 UOM6 having white color and it took 25 hrs for complete formation with retardation factor of 

0.42 in 5:1 ratio of dichloromethane and methanol giving 92 percent yiled. 
 1

H-NMR(400MHz, 

Chloroform-D): δ 1.14(t: 3H, /J = 3.7 Hz); 2.42 (dd:1H, J - 4.40, 16.80 Hz), 2.74(dd:1H,  J = 

5.90, 16.77 Hz),  4.63-4.33 (m: 4H), 8.77 (brs: 1H), 
13

C-NMR (100MHz, Chloroform:D):  31.25 

;47.85,; 51.95, 60.38,  115.90, 164.52;172.95,174.88, LC-MS observed value found to be 211.2 

[M+H+] for UOM6 (C9H10N2O). HPLC showed that UOM6 is 96.2 percent pure with retention 

time of 5.1 mints while calculated analysis for N, 13.33 H, 4.80 C, 51.43 and observe values were 

for N, 13.31, H, 4.82 & C, 51.45. 
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Figure 4. 12: 
13

CNMR spectrum of UOM6. 
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Figure 4. 13: 
1
HNMR spectrum of UOM6. 

4.1.7 Compound UOM7: 

The compound  was formed in  29 hrs bearing yellow color with retardation factor value of  0.46 

in 5:1 ratio of dichloromethane and methanol & 92 percent collected yield.
1
H-NMR (400MHz, 

Chloroform-D): δ 1.11(t: 3H, J -5.60 Hz), 2.54(dd, 1H; J -5.30, 18.20 Hz), 2.72(dd1H,  J = 5.56, 

18.20 Hz ), 3.06 (s: 3H), 4.68-4.31 (m,: 4H), 
13

C-NMR (100MHz, Chloroform;D):  30.95; 46.96, 

50.62, 56.23, , 62.05, 114.31,165.95, 173.54,175.10. HPLC  result of  UOM7 (C10H12N2O4) 

displayed 96.5 percent  pure with retention time of 10.3 mints. Elemental analysis revealed 

calculated as   12.49 for N,  5.39 for H &53.57 for C while observed values were 12.51 for N, 

5.41 for H  and 53.51 for C. 
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Figure 4. 14: 
13

CNMR spectrum of UOM7. 
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Figure 4. 15: 
1
HNMR spectrum of UOM7. 

4.1.8 Compound UOM8: 

The reaction time of UOM8  was  noted to be 13 hrs, with retardation factor of 0.53 in 5:1 ratio 

of dichloromethane and methanol with 94 percent collected yield and having white color.  
1
H-

NMR(400MHz-Chloroform-D): δ 1.45(t: 3H, J = 3.60 Hz), 1.23(t: 3H, J = 3.90 Hz). 2.44(d;, 1H. 

J : 5.40, 17.20 Hz),.  2.75(dd, 1H, J : 8.30, 17.20 Hz), 2.98-2.92 (m: 1H), 3.04-3.02 (m: 1H), 

4.70-4.35 (m; 4H), 
13

C-NMR (100MHz, Chloroform-D);  14.51; 17.41;26.65, 47.32,51.54;57.95; 

62.64, 113.28, , 165.32, 172.21, 174.24, for UOM8 (C11H14N2O4) m/z value was recorded as 

239.1 [M+H+]  by LC-MS.  Calculated values for N 11.76, for H 5.92 and for C 55.46 where as 

observed values were N,;11.78, H; 5.94 & C: 55.39. 
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Figure 4. 16: 
13

CNMR spectrum of UOM8. 

 



CHAPTER 4  RESULTS AND DISCUSSION 

81 
 

 

Figure 4. 17: 
1
HNMR spectrum of UOM8. 
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4.1.9 Compound UOM9: 

 

Figure 4. 18: 
1
HNMR spectrum of UOM9. 
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Figure 4. 19: 
13

CNMR spectrum of UOM9. 

4.1.10 Compound UOM10: 

The reaction time for UOM10  was noted to be 21 hrs  with 93 percent yield . The retardation 

factor of the product was 0.55 in 4:1 ;n-hexane;ethylacetate,.
1
H-NMR (400MHz, Chloroform-D): 

δ 1.09 (t: 3H;J - 6.7 Hz). 2.50 (dd;1H, J = 9.10, 17.10 Hz). 2.79 (dd: 1H, J -4.70, 17.10 Hz)-4.16 

(q; 2H, J = 6.9-Hz), 7.27-7.21 (m: 3H), 4.57-4.32 (m; 2H), 7.38-7.31 (m; 2H),
13

C-NMR 

(100MHz, Chloroform-D):  177.31, 175.43, 165.21, 130.23, 130.21, 125.60, 123.43, 123.41, 

114.77, 62.33, 45.04, 34.60, 31.82, 30.58, 28.18, 15.61, 14.27; LC-MS Mass to charge value was 

found to 286.1 [M+H+]; analysis of the  synthesized UOM10 (C15H14N2O4)  calculated as  for N: 

9.79 H: 4.93 and  for C; 62.93 while found values were; N: 9.81, H: 4.94 & for C: 62.88. 
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Figure 4. 20: 
13

CNMR spectrum of UOM10. 
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Figure 4. 21: 
1
HNMR spectrum of UOM10. 

4.1.11 Compound UOM11: 

The reaction time of UOM11 was 19 hrs with 95 percent isolated yield and  with retardation 

factor of  0.47 in 4:1 n-hexane:ethylacetate;
1
H:NMR (400MHz, Chloroform-D); 1.28 (t-3H, J = 

6.90 Hz), 2.67 (dd: 1H, J - 5.93, 16.40 Hz), 4.39-4.20 (m; 3H): 7.46-7.41 (m: 3H), 7.60-7.57 (m: 

2H), 2.43 (dd:1H, J = 4.30, 16.30 Hz), δ 8.79 (brs; 1H),
13

C-NMR (100MHz, Chloroform-D): 

174.70, 173.56, 165.11, 131.04, 129.72, 129.61, 125.90, 115.62, 63.84, 54.56, 47.75, 32.55, 

13.50; analysis by HPLC confirmed 96.8 percent purity of the UOM11(C15H14N2O4) with 

retention time of 13.6 mints: calculated values for N;9.79, H: 4.93 & C, 62.93, whereas observed 

values were   9.77 for N, 4.91 for H &, 63.00  for C. 
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Figure 4. 22: 
13

CNMR spectrum of UOM11. 
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Figure 4. 23: 
1
HNMR spectrum of UOM11. 

4.1.12  Compound UOM12: 

Compound UOM12 was formed  in 18 hrs of  time and with 93 percent yield  having retardation 

factor of 0.49 in 4:1, n-hexane:ethylacetate.
1
H-NMR (400MHz, Chloroform-D): δ ;1.30(t: 3H, J 

- 7.60 Hz).; 2.43 (dd.1H, J = 4.30, 17.10 Hz), 2.70 (dd:; 1H,  J = 8.70, 17.10 Hz), 3.04 (s; 3H), 

4.40-4.22 (m- 3H), 7.51-7.44 (m;3H), 7.65-7.60 (m:-2H), 
13

C-NMR(100MHz, Chloroform-D): 

174.72, 173.55, 165.12, 131.05, 129.72, 129.61, 125.89, 115.62, 63.82, 56.42, 50.12, 47.76, 

32.55, 13.52;  calculated value for UOM12(C16H16N2O4): O: 21.31, N,:9.33 ; H: 5.37, C:63.99 

where as found values were O:21.34; N: 9.36; H:5.36 & C:63.94. while 301.2 [M+H+] was 

recorded as mass to charge value by LCMS. 
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Figure 4. 24: 
13

CNMR spectrum of UOM12. 
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Figure 4. 25: 
1
HNMR spectrum of UOM12. 

4.1.13.  Compound UOM13: 

Retardation factor for UOM13 was recorded as 0.57 in , 4:1,n-hexane-ethylacetate). Reaction 

completiontime was found to  22 hrs and 94 percent collected yiled. 
1
H-NMR(400MHz, 

Chloroform-D):  δ :1.20 (t:3H, J -7.30 Hz).1.32 (t;3H, J = 6.80 Hz), 2.38 (dd; 1H, J = 4.70, 15.90 

Hz);2.66 (dd:1H, J = 7.6, 15.90 Hz); 3.15 (q:2H J = 6.8 Hz), 4.42-4.19 (m: 3H), 7.60-7.43 (m: 

5H), 
13

C-NMR (100 MHz, Chloroform-D): ;13.52;  32.56, 47.76, , 50.12,56.42, 63.85, 115.62, 

125.89, 129.62, 129.72, 131.05165.12, 173.55, 174.72, 
13

C NMR (100MHz, hloroform-D): 

174.32 172.98 165.44 131.65 129.65129.10 126.88 114.98 63.55 56.32 47.66 32.65 14.02 13.57; 

for m/z  of UOM13 (C17H18N2O4) LC-MS was used and value was  found (m/z) = 315.1 

[M+H+]; calculated values of analysis  were O: 20.36; N: 8.91 H: 5.77; &: C: 64.96; while  

found were: O: 20.32;  N; 8.88, H; 5.79 and  C; 65.01. 
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Figure 4. 26: 
13

CNMR spectrum of UOM13. 

 



CHAPTER 4  RESULTS AND DISCUSSION 

91 
 

 

Figure 4. 27: 
1
HNMR spectrum of UOM13. 

4.1.14.  Compound UOM14: 

Reaction time was 20 hrs for UOM14 with 93 percent isolated yield and retardation factor of 

0.55 in 6:1  of n-hexane-ethylacetate;
1
H-NMR(400MHz, Chloroform-D): δ:1.21-0.94 (m: 3H); 

1.79-1.35(m: 6H), 1.93-1.81 (m; 1H), 2.08-1.95 (m: -3H), 2.48(dd; J - 5.60, 16.20 Hz, 1H), 3.12 

(m: 1H), 2.72(dd: J - 8.10, 16.20 Hz, 1H), 4.42-4.19 (m;3H). 7.51-7.40 (m:3H),  7.59-7.56 (m: 

2H)] 
13

C-NMR (100MHz, Chloroform-D): 174.55, 172.97, 164.87, 131.64, 129.97, 129.67, 

127.02, 114.94, 62.56, 52.23, 46.66, 30.88, 22.54, 20.55, 16.55, 12.88, 9.88; calculated values  

ofUOM14(C21H24N2O4) for analysis were  for O: 17.37; N: 7.60,  H: 6.57 and C 68.46 while 

observed values were     O: 17.34, N: 7.58, H: 6.55& C: 68.53. 
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Figure 4. 28: 
13

CNMR spectrum of UOM14. 
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Figure 4. 29: 
1
HNMR spectrum of UOM14. 

4.1.15 Compound UOM15: 

Reaction of UOM15 was completed in 17 hrs with 92 percent isolated yield and and retardation 

factor of 0.59 in 6:1 of  n-hexane:ethylacetate;
1
H-NMR(400Mz, Chloroform-D):  δ;1.31(t:3H,  J 

- 6.9 Hz). 2.52(dd:1H, J - 8.0 Hz, 16.40 Hz), 4.82 (dd:1H, J :6.0 Hz, 16.40 Hz): 4.46-4.22 (m: 

3H), 7.35-7.30 (m: 2H), 7.47-7.34 (m: 6H), 7.70-7.61 (m:2H); 
13

C-NMR (100MHz, Chloroform-

D): 174.63, 173.59, 165.41, 129.17, 129.04, 128.90, 128.70, 128.68, 128.65, 128.00, 127.91, 

115.07, 64.58, 54.99, 46.63, 31.12, 13.49; according to calculation of analysis  of UOM15 

(C21H18N2O4) values were N:7.73; H: 5.01; C: 69.while fond values were  N;, 7.71,  H: 5.00, C: 

69.66; m/z value was recorded as  363.1 [M+H
+
].  
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Figure 4. 30: 
1
HNMR spectrum of UOM15. 
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Figure 4. 31: 
13

CNMR spectrum of UOM15. 

4.2 Antioxidant study of pyrrolidine-2,5-dione derivatives:  

The harmful effects of radicals on animals and human are responsible for many pathological 

states. As human body is exposed to various substances that  induce the production of ROS/RNS 

that by transfer of the unpaired electron result in the oxidation of cellular contents [183]. In order 

to combat the deleterious impact of such ROS the body has some endogenous antioxidant 

moieties or it is required to get exogenous antioxidant chemicals from food that will encounter 

such ROS and will ensure the body homeostasis [184]. Any imbalance between the ROs and 

endogenous antioxidants results in production of oxidative-stress leading to pathological 

conditions of body of which DM is very dangerous [185]. In diabetic patients the WBCs start 

producing active oxygen species that exacerbate the damage to pancreatic cells [186]. Oxidative 
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stress results in change of enzyme functions, peroxidation of membrane lipids, altered 

glutathione metabolism and declined vitamin C concentration [187]. Moreover, oxidative stress 

also triggers complications of DM for example: neuropathy, retinopathy, stroke and renal 

damage. As in DM there is hyperglycemia that causes auto-oxidation of glucose leading to free 

radicals formation. When the production of ROS exceeds the limits of scavenging capacity of 

endogenous antioxidants defense mechanism then leads to microvascular and macrovascular 

dysfunctions [188]. Over generation or inadequate removal of such ROS leads to vascular 

diseases, cellular protein damage, phospholipids of membrane and nucleic acid loss [189]. In 

order to record the antioxidant potential of the prepared compounds whether these moieties will 

prevent the damage induced by the ROS we utilized ABTS and DPPH assays, because of their 

popularity, quick result, sensitivity and utilization of stable species. 

So, in this current study we synthesized fifteen compounds (UOM1-15) and were tested for 

invitro assays as shown in Table 4.1. In DPPH free radical scavenging test, UOM3 exhibited 

71.31±0.21,65.47±0.15,52.67±0.94 ,47.85±0.53 and 38.34±0.83 at strength ranging from 

μg/ml)500, 250, 125, 62.5 & 31.25 with IC50 value of 92.50 μg/ml. The second potent activity in 

this series was shown by UOM2 that is 67.37±0.26, 61.52±0.95,51.90±0.46,41.02±0.18 and 

27.04±0.14 at strength of range of 500, 250, 125,62.5 &31.25   μg/ml with IC50 value of 114.22 

μg/ml. The third highest activity was displayed by UOM1 4.96±0.32, 

59.74±1.13,47.33±0.29,37.11±0.06 and 23.68±0.05 at 500, 250, 125,62.5 &31.25 μg/ml strength 

range and IC50 value of 147.81 μg/ml. All the other synthesized compounds showed moderate 

activity. 
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4.2.1 ABTS Free radical scavenging assay: 

In this free radical scavenging test, we again tested the synthesized compounds i.e. UOM1-15 as 

shown in Table 4.1. In this assay maximum activity was revealed by UOM1 i.e. 67.49±0.24, 

62.20±0.10,59.85±0.09,49.86±1.08 and42.73±0.18 μg/ml with IC50 value  of  65.69 μg/ml at 

strength of 500, 250, 125,62.5 and 31.25   μg/ml, following by second highest activity of UOM5 

with IC50 value  of  71.15 μg/ml at strength of 500, 250, 125,62.5 and 31.25 μg/ml and activity 

77.84±0.32,71.68±0.22,65.54±0.16,47.83±1.07 and 41.54±0.46μg/ml. Third highest activity was 

displayed by UOM2 .i.e 69.58±1.12 and 62.40±0.20,52.85±2.26,42.08±0.47,29.90±0.96μg/ml at 

different strength of 500, 250, 125,62.5 and 31.25   μg/ml with IC50 value  of  110.43 μg/ml. The 

fourth highest activity was shown by UOM3 69.50±2.26,59.01±0.42,48.07±0.62,38.70±0.35 and 

33.73±0.66 μg/ml having IC50 value of 149.24 μg/ml at strength 500, 250, 125,62.5 &31.25   

μg/ml. The remaining compounds showed moderate activity. 

Table 4. 1:  DPPH and ABTS results of compounds UOM1-15. 

  

Samples 

 Conc. 

(μg/ml) 

Percent DPPH 

(mean ± SEM) 

IC50 

(μg/ml) 

Percent 

ABTS 

(mean ± SEM) 

IC50 

(μg/ml) 

UOM1 500 

250 

125 

62.5 

31.25 

64.96±0.32
***

 

59.74±1.13
***

 

47.33±0.29
***

 

37.11±0.06
***

 

23.68±0.05
***

 

147.81 67.49±0.24
***

 

62.20±0.10
***

 

59.85±0.09
***

 

49.86±1.08
***

 

42.73±0.18
***

 

65.69 

UOM2 500 

250 

125 

62.5 

31.25 

67.37±0.26
***

 

61.52±0.95
***

 

51.90±0.46
***

 

41.02±0.18
***

 

27.04±0.14
***

 

114.22 69.58±1.12
***

 

62.40±0.20
***

 

52.85±2.26
***

 

42.08±0.47
***

 

29.90±0.96
***

 

110.43 

UOM3 500 

250 

125 

62.5 

31.25 

71.31±0.21
***

 

65.47±0.15
***

 

52.67±0.94
***

 

47.85±0.53
***

 

38.34±0.83
***

 

92.50 69.50±2.26
***

 

59.01±0.42
***

 

48.07±0.62
***

 

38.70±0.35
***

 

33.73±0.66
***

 

149.24 

UOM4 500 

250 

125 

68.45±0.55
***

 

49.63±0.64
***

 

42.45±0.66
***

 

258.62 61.40±0.21
***

 

52.04±0.44
***

 

43.30±0.31
***

 

221.61 
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62.5 

31.25 

32.36±0.50
***

 

24.31±0.60
***

 

35.28±0.11
***

 

27.33±0.23
***

 

UOM5 500 

250 

125 

62.5 

31.25 

60.90±1.04
***

 

49.53±0.65
***

 

44.20±1.04
***

 

37.50±0.73
***

 

32.86±1.08
***

 

256.04 77.84±0.32
***

 

71.68±0.22
***

 

65.54±0.16
***

 

47.83±1.07
***

 

41.54±0.46
***

 

71.15 

UOM6 500 

250 

125 

62.5 

31.25 

48.25±0.23
***

 

45.04±0.55
***

 

34.11±0.08
***

 

26.08±0.04
***

 

21.61±0.26
***

 

535.65 49.52±0.62
***

 

29.42±0.57
**

 

21.32±0.52
**

 

16.27±0.57
ns

 

07.30±0.64
ns

 

746.48 

UOM7 500 

250 

125 

62.5 

31.25 

54.51±0.62
***

 

47.44±0.44
***

 

42.46±0.47
***

 

23.68±0.64
***

 

19.31±0.57
***

 

351.23 64.06±0.50
***

 

59.10±0.16
***

 

44.62±0.70
***

 

27.58±0.41
***

 

21.65±1.17
***

 

176.59 

UOM8 500 

250 

125 

62.5 

31.25 

70.00±0.54
***

 

54.47±0.43
***

 

41.50±0.62
***

 

31.36±0.51
***

 

24.47±0.22
***

 

209.07 61.37±1.10
***

 

49.56±0.45
***

 

44.36±0.55
***

 

34.57±0.84
***

 

22.68±0.05
***

 

272.20 

UOM9 500 

250 

125 

62.5 

31.25 

75.83±1.07
***

 

71.39±0.60
***

 

62.58±0.56
***

 

51.29±0.43
***

 

43.37±0.58
***

 

209.07 62.00±1.15
***

 

49.00±0.00
***

 

43.70±1.60
***

 

34.80±0.37
***

 

21.90±0.48
***

 

272.81 

UOM10 500 

250 

125 

62.5 

31.25 

55.39±0.40
***

 

45.29±0.32
***

 

42.34±0.35
***

 

31.02±0.24
***

 

23.35±0.11
***

 

365.73 55.23±0.44
***

 

41.45±0.65
***

 

38.37±0.64
***

 

27.37±0.54
***

 

21.30±0.61
***

 

405.62 

UOM11 500 

250 

125 

62.5 

31.25 

61.33±0.49
***

 

53.03±0.23
***

 

44.00±0.58
***

 

32.67±0.89
***

 

23.00±1.15
***

 

213.36 59.62±0.74
***

 

49.86±0.60
***

 

42.48±0.64
***

 

29.54±0.50
***

 

21.74±0.61
***

 

240.16 

UOM12 500 

250 

125 

62.5 

31.25 

55.57±0.43
***

 

49.12±0.94
***

 

44.76±1.09
***

 

34.38±0.50
***

 

29.49±0.24
***

 

296.08 57.37±0.68
***

 

50.58±0.74
***

 

46.65±0.77
***

 

34.55±0.77
***

 

31.46±0.63
***

 

229.32 

UOM13 500 

250 

125 

61.00±0.54
***

 

53.47±0.43
***

 

44.50±0.62
***

 

201.30 59.34±0.63
***

 

49.54±0.46
***

 

42.52±0.66
***

 

269.77 
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62.5 

31.25 

35.36±0.51
***

 

22.47±0.22
***

 

33.39±0.49
***

 

19.36±0.49
***

 

UOM14 500 

250 

125 

62.5 

31.25 

56.20±0.23
***

 

47.13±0.20
***

 

44.87±1.27
***

 

39.76±0.61
***

 

34.91±1.30
***

 

330.32 57.73±0.03
***

 

49.42±0.12
***

 

46.39±0.35
***

 

41.36±0.71
***

 

31.15±0.22
***

 

264.24 

UOM15 500 

250 

125 

62.5 

31.25 

58.34±0.98
***

 

46.32±1.06
***

 

37.05±0.75
***

 

34.70±1.25
***

 

28.74±0.68
***

 

337.19 63.58±1.12
***

 

51.65±1.34
***

 

39.90±0.96
***

 

36.03±0.48
***

 

31.90±0.48
***

 

230.49 

Ascorbic acid 500 

250 

125 

62.5 

31.25 

83.08±1.04 

77.45±0.90 

72.58±0.63 

65.40±0.20 

57.80±0.90 

 

 

12.98 

 

 

85.23±0.22 

79.45±0.90 

74.90±0.60 

67.00±0.30 

58.90±0.45 

13.72 

 

 

 

Figure 4. 32: IC50 value of synthesized compounds (DPPH) 
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Figure 4. 33: IC50 value of synthesized compounds (DPPH) 

 

 

Figure 4. 34: IC50 value of synthesized compounds (ABTS) 
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Figure 4. 35: IC50 value of synthesized compounds (ABTS) 

 

4.3 Inhibition of yeast α-Glucosidase 

α-glucosidase is enzyme which is present in the brush border of GIT (small intestine).Such 

enzymes release glucose from complex carbohydrates [190]. That is why they inhibit 

postprandial glucose rise leading to reduced post meal insulin secretion. This enzyme causes 

hydrolysis of starch following glucose ingestion in intestine leading to increase blood glucose 

[191]. So the α-glucosidase action makes it more convenient for   GIT cells to absorb glucose 

and thus facilitates glucose uptake by GIT cells [192]. The agents that block the function of α-

glucosidase will stop the breaking of complex carbohydrates and thus will delay the glucose 

absorption despite available in the form of starch in GIT. As glucose will not get into blood and 

thus will not rise blood glucose concentration. Moreover this also keeps low post meal secretion 

of insulin in diabetic patients [193]. That is why AGIs .e.g. acarbose and miglitol are used in the 

management of DM. Such AGIs also delay the development of DM associated complications that 

is neuropathy, nephropathy and retinopathy. Moreover as α-glucosidase inhibition results in 
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decreased post meal insulin secretion this is linked with diminished TGs uptake into fat tissues , 

lipogenesis in liver cells and TGs contents are decreased [194]. 

In this assay, all synthetic compounds were tested for in vitro alpha glucosidase potential against 

the standard acarbose activity in the same concentration of tested compounds as shown in Table 

4.2. In this assay UOM15 and UOM13 showed most potent and dose dependent activity. They 

exhibited 88.58±1.12,84.65±1.34,81.31±2.15,76.56±1.73,59.44±0.58  and  

81.18±1.05,77.04±0.39,74.13±0.27,68.48±1.24,58.40±0.56 with IC50 value of 10.2 and 10.4 

μg/ml at strength of 500, 250, 125,62.5 and 31.25 μg/ml respectively. Other highest activity was 

displayed by UOM14 and UOM12 90.30±0.70, 85.70±0.80,82.91±0.88,77.80±0.90,57.00±0.60 

and 83.76±0.61,78.36±1.31,73.95±2.01,69.89±4.82,56.22±1.28 at strength of , 250, 125,62.5 and 

31.25 μg/ml with IC50 value of 11.7 and 11.9 μg/ml respectively. All other tested compounds 

showed moderate activities. 

Table 4. 2: Alpha glucosidase results. 

Compound Conc(µg/ml) (%) Alpha 

glucosidase 

activity 

IC50 

(µg/ml) 

Compound (%) Alpha 

glucosidase 

activity  

IC50 

(µg/ml) 

UOM1 500 

250 

125 

62.5 

31.25 

76.33±0.88
***

 

71.00±0.57
***

 

62.96±1.91
***

 

55.00±1.73
***

 

45.66±1.36
***

 

41.86 UOM9 81.56±0.23
***

 

77.69±1.21
***

 

72.73±0.56
***

 

67.43±0.79
***

 

51.60±1.63
***

 

17.07 

UOM2 500 

250 

125 

62.5 

31.25 

74.41±0.60
***

 

71.53±0.71
***

 

65.45±0.77
***

 

61.75±0.58
***

 

47.50±0.71
***

 

34.50 UOM10 84.30±1.20
***

 

79.72±1.01
***

 

74.56±1.06
***

 

69.91±0.88
***

 

57.90±1.00
*
 

14.6 

UOM3 500 

250 

125 

62.5 

31.25 

71.56±1.24
***

 

65.46±0.50
***

 

62.60±0.41
***

 

57.43±0.81
***

 

48.03±0.38
***

 

34.60 UOM11 80.60±1.63
***

 

75.8±70.85
***

 

71.25±1.40
***

 

67.10±0.60
***

 

54.61±0.43
***

 

16.4 

UOM4 500 

250 

125 

78.40±0.68
***

 

73.20±0.73
***

 

69.00±0.33
***

 

21.40 UOM12 83.76±0.61
***

 

78.36±1.31
***

 

73.95±2.01
***

 

11.9 
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62.5 

31.25 

63.40±0.63
***

 

49.90±0.42
***

 

69.89±4.82
***

 

56.22±1.28
***

 

UOM5 500 

250 

125 

62.5 

31.25 

81.04±0.55
***

 

76.11±0.08
***

 

71.08±0.04
***

 

67.61±0.26
***

 

57.87±0.28
***

 

11.8 UOM13 81.18±1.05
***

 

77.04±0.39
***

 

74.13±0.27
***

 

68.48±1.24
***

 

58.40±0.56
**

 

10.4 

UOM6 500 

250 

125 

62.5 

31.25 

75.50±2.26
***

 

71.01±0.42
***

 

65.07±0.62
***

 

56.70±0.35
***

 

49.73±0.66
***

 

31.4 UOM14 90.30±0.70
ns

 

85.70±0.80
ns

 

82.91±0.88
ns

 

77.80±0.90
ns

 

57.00±0.60
ns

 

11.7 

UOM7 500 

250 

125 

62.5 

31.25 

76.50±2.26
***

 

71.01±0.42
***

 

65.07±0.62
***

 

57.70±0.35
***

 

49.73±0.66
***

 

33.20 UOM15 88.58±1.12
ns

 

84.65±1.34
ns

 

81.31±2.15
ns

 

76.56±1.73
ns

 

59.44±0.58
ns

 

10.2 

UOM8 500 

250 

125 

62.5 

31.25 

76.44±0.09
***

 

64.87±0.39
***

 

57.83±1.07
***

 

54.23±0.44
***

 

50.29±0.43
***

 

31.8 Acarbose 91.43±1.26 

85.83±0.66  

81.93±0.90 

77.26±0.77 

61.10±0.95 

9.60 

 
 

 

Figure 4. 36: IC50 value of synthesized compounds (alpha glucosidase inhibition) 
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Figure 4. 37: IC50 value of synthesized compounds (alpha glucosidase inhibition) 

 

4.4 inhibition of alpha amylase: 

Amylase is the digestive enzyme which helps in carbohydrates  body break down. The pancreas 

and salivary glands both are produce the amylase. Pancreas creates various enzymes that help 

break down food in your intestines [195]. The inhibition of amylase enzyme delays carbohydrate 

breakdown and stretches out overall carbohydrate digestion time, ensuing in the drop in glucose 

absorption rate and consequently lessening the postprandial plasma glucose rise. The agents that 

stop α- amylase activity are also termed as starch-blockers as they put off or slows the absorption 

of starch into blood chiefly by jamming the hydrolysis of 1,4-glycosidic linkages of starch and 

other sugar related molecules into maltriose ,maltose and other plain sugars [196]. In current 

study we tested the synthesized compounds for alpha amylase inhibitory potential against 

acarbose as standard drug, so highest activity was displayed by UOM15 and UOM14 i.e. 

86.44±0.58,81.08±0.47,79.84±0.30,74.94±1.13,52.58±0.63 and 88.91±0.88, 83.94±1.13, 

80.10±0.90, 75.76±0.71,51.90±0.96 at concentration of 500, 250 125.62.5 and 31.25 µg/ml with 
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IC50 value of 13.2 and 15.10 µg/ml respectively. Other  potent activity was shown by UOM13 

and UOM12, 79.49±0.60, 75.58±0.63, 72.93±0.67, 65.44±0.58.54.56±1.73 and 81.53±0.71, 

76.58±1.12, 71.42±0.43, 65.08±0.47, 62.72±1.01 with IC50 value of 16.5 and 25.6 µg/ml at  500, 

250 125.62.5 and 31.25 µg/ml respectively. All other synthetic compounds displayed moderate 

activity as shown in Table 4.3. 

Table 4. 3: Alpha amylase results 

Compound Conc. 

(µg/ml) 

Alpha 

Amylase 

activity (%) 

IC50 

(µg/ml) 

Compound Alpha 

Amylase 

activity (%) 

IC50 

(µg/ml) 

UOM1 500 

250 

125 

62.5 

31.25 

74.32±0.54
***

 

69.31±0.60
***

 

65.33±0.55
***

 

62.37±0.65
***

 

40.38±0.50
***

 

45.6 UOM9 79.48±0.74
***

 

75.62±0.40
***

 

70.60±0.46
***

 

57.68±0.49
***

 

51.72±0.66
***

 

27.4 

UOM2 500 

250 

125 

62.5 

31.25 

71.53±0.49
***

 

68.46±0.63
***

 

63.31±0.57
***

 

60.34±0.65
***

 

42.47±0.55
***

 

41.5 

 

 

UOM10 82.61±0.77
***

 

77.60±0.80
***

 

72.83±0.56
***

 

57.55±0.77
***

 

54.58±0.74
***

 

21.9 

UOM3 500 

250 

125 

62.5 

31.25 

69.62±0.70
***

 

63.51±0.59
***

 

60.44±0.58
***

 

55.63±0.64
***

 

42.45±0.55
***

 

39.7 UOM11 78.66±0.78
***

 

73.62±0.74
***

 

64.62±0.74
***

 

57.86±0.60
***

 

52.48±0.64
***

 

28.2 

UOM4 500 

250 

125 

62.5 

31.25 

76.53±0.41
***

 

71.42±0.46
***

 

67.51±0.62
***

 

60.21±0.62
***

 

49.65±0.70
***

 

35.4 UOM12 81.53±0.71
***

 

76.58±1.12
***

 

71.42±0.43
***

 

65.08±0.47
***

 

62.72±1.01
***

 

25.6 

UOM5 500 

250 

125 

62.5 

31.25 

79.37±0.69
***

 

74.72±0.51
***

 

70.47±0.59
***

 

65.50±0.71
***

 

48.46±0.72
***

 

21.20 UOM13 79.49±0.60
***

 

75.58±0.63
***

 

72.93±0.67
***

 

65.44±0.58
***

 

54.56±1.73
***

 

16.5 

UOM6 500 

250 

125 

62.5 

31.25 

73.46±0.62
***

 

68.37±0.54
***

 

63.28±0.61
***

 

58.51±0.72
***

 

46.44±0.50
***

 

40.80 UOM14 88.91±0.88
ns

 

83.94±1.13
ns

 

80.10±0.90
ns

 

75.76±0.71
ns

 

51.90±0.96
**

 

15.10 

UOM7 500 75.22±0.47
***

 48.7 UOM15 86.44±0.58
**

 13.2 
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250 

125 

62.5 

31.25 

79.62±0.36
***

 

61.75±0.58
***

 

57.53±0.71
***

 

43.48±0.50
***

 

 

 

81.08±0.47
ns

 

79.84±0.30
ns

 

74.94±1.13
ns

 

52.58±0.63
***

 

 

UOM8 500 

250 

125 

62.5 

31.25 

74.46±0.60
***

 

70.68±0.60
***

 

65.85±0.56
***

 

61.64±0.75
***

 

46.81±0.80
***

 

39.4 Acarbose 89.93±0.67 

83.10±0.60 

79.76±0.61 

75.49±0.60 

57.31±0.58 

10.10 

 

Figure 4. 38: IC50 value of synthesized compounds (alpha amylase inhibition) 
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Figure 4. 39: IC50 value of synthesized compounds (alpha amylase inhibition) 

4.5 Acute toxicity study 

The dose which is preferred for the in-vivo studies were based on the findings of the acute 

toxicity series finding LD0 to LD100 which ranged from the 200-1500 mg/kg body weight. The 

detailed dosing regimens for tested compounds given in Table 4.4. 

In acute toxicity test, the animals were regularly and individually observed for behavioral 

changes and general toxicity during the first 4 h. Thereafter, observation was continued daily for 

a total of 3 days.  In acute toxicity study the potent four compounds were tested for any toxic or 

adverse effect, but no clinical signs or other abnormal effects were observed so safe range of 

drug was found to be 1000 mg. As a result, the lethal dose (LD50) of compounds in the tested 

mice was round about 1000 mg/kg. There were no clinical signs in respiratory rate, eyes nasal, 

skin & fur,  salivation, perspiration, urinary, piloerection and defecation incontinence, circulatory 

signs like blood pressure, heart rate, CNS defects  i.e. drowsiness, gait,  ptosis, convulsion 

amongst mice given 1000 mg/kg b. wt of all four synthesized compounds. As due to organization 
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for economic cooperation and development-(OECD),guidelines dose of > 300 – 2000 is 

categorized as category 4 [197-198]. 

Table 4. 4: Acute-toxicity studies with tested synthesized compounds. 

Groups Animals (both sex) Tested compounds,(mg/kg) 

UOM(15,14,13,12) 

1 5 200 

2 5 300 

3 5 400 

4 5 500 

5 5 1000 

6 5 1500 
 

4.6  In-vivo Anti-diabetic activity of potent compounds in diabetic mice (By alloxan) 

Oral  administration of the synthetic compounds caused a considerable decline in blood glucose 

level over a period of 21 days against the glibenclamide (GB) used as standard drug [199]. In this 

assay we tested only four (04) compounds based on alpha glucosidase and alpha amylase assays. 

In which the compounds UOM15 showed highest reduction in blood sugar level followed by 

UOM14 and UOM13 against the standard drug glibenclamide. UOM15 showed excellent 

reduction in glucose level over 21 days treatment of diabetic mice with a mean value of 6.44 

mmole/L at strength of 500,250,125, 62.5&31.25 μg/ml. Second highest anti diabetic activity 

was shown by UOM14 with a mean reduction value of 5.92 mmole/L at strength of 500, 

250,125, 62.5&31.25 μg/ml. The UOM13 also displayed good result with a mean reduction 

value of 5.82 mmole/L at strength of 500, 250,125, 62.5 & 31.25 μg/ml over a 21 days 

administration. The fourth tested compound (UOM12) showed moderate activity in blood sugar 

level reduction with a mean value of 3.1mmole/L as shown in Table 4.5.  

Similarly change in body weight was also recorded over 21 days of treatment of diabetic mice. 

An average of 4.5 g weight was gained by the UOM15 treated group of mice, UOM14 caused an 

average 3.9g increase in body weight while UOM13 caused 3.4g average increase and  UOM12 
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caused an average loss of 9.4g body weight against the standard drug  GB that caused an average 

gain of 9.7g of body weight of treated mice as shown in Table 4.5. 

Table 4. 5: In-vivo antidiabetic results. 

Treatment Conc/route Glucose Level,( mmole/L) 

  0
th

  day 7
th

  

Day 

14
th

  

day 

21
st
 day Decrease 

in blood 

sugar 

level, 

average 

(mmole/L) 

Average 

Change in 

body 

weight 

(g) 

Group-I 

NS 

IP 5.23±0.44 5.26±0.40 5.27±0.42 5.30±0.52 -0.04 NA 

Group-II 

Tween80 

IP 23.1±0.72 23.6±0.88 23.9±0.67 24.1±0.72 -0.8 -7.3 

Group-III 

GB 

500µg 23.4±0.56 

 

18.3±0.49 15.1±0.53 9.2±0.57  

 

 

 

8.12 

 

 

 

 

+9.7 

250 µg 22.7±1.57 18.00±0.00 16.1±0.53 11.6±0.77 

125 µg 23.5±0.77 21.4±1.50 19.5±0.58 17.9±0.62 

62.5µg 20.1±0.64 18.3±0.43 16.8±0.49 15.00±0.00 

31.25µg 21.4±0.20 19.1±0.77 17.6±0.46 16.5±0.58 

Group-IV 

UOM15 

(IP) 

500µg 21.9±1.16
ns

 17.2±0.80
ns

 13.9±0.96
ns

 11.7±0.58
*
  

 

6.44 

 

 

+4.5 

 

250 µg 22.2±0.80
 ns

 18.3±0.76
ns

 15.1±0.94
ns

 13.8±0.47
ns

 

125 µg 19.43±0.55
***

 17.6±0.84
**

 15.3±0.64
***

 14.4±0.51
**

 

62.5µg 21.0±0.51
 ns

 19.1±0.72
ns

 17.8±0.26
ns

 16.7±1.65
ns

 

31.25µg 21.6±1.47
ns

 20.3±0.64
ns

 18.1±0.72
ns

 17.3±0.58
ns

 

Group-V 

UOM14 

(IP) 

500µg 20.6±0.55 * 17.5±0.60
ns

 15.2±1.04
ns

 12.1±0.60
*
  

 

5.92 

 

 

+3.9 

 

250 µg 17.6±0.00 ***
 15.6±0.33

ns
 13.7±0.57

ns
 10.4±0.52

ns
 

125 µg 18.9±0.37
***

 16.5±1.24
***

 14.8±0.97
***

 12.7±0.37
***

 

62.5µg 22.9±1.13
*
 20.8±0.13

*
 19.4±0.33

*
 18.1±0.25

**
 

31.25µg 22.5±0.49
ns

 21.1±0.13
ns

 20.5±0.32
*
 19.6±0.54

**
 

Group-VI 

UOM13 

(IP) 

500µg 20.8±0.41
*
 17.5±0.58

ns
 14.8±0.64

ns
 11.5±0.97

ns
  

 

5.82 

 

 

+3.4 

250 µg 20.2±0.04 * 17.2±0.66
ns

 14.2±0.40
ns

 12.5±0.63
ns

 

125 µg 24.3±0.64
 ns

 21.2±0.30
ns

 19.7±0.37
ns

 18.6±0.54
ns

 

62.5µg 22.8±0.49
*
 21.3±1.24

*
 20.8±0.49

***
 19.0±0.00

***
 

31.25µg 22.1±0.77
ns

 21.1±1.27
ns

 20.5±0.27
*
 19.5±0.63

*
 



CHAPTER 4  RESULTS AND DISCUSSION 

110 
 

Group-

VII 

UOM12 

(IP) 

500µg 22.5±0.32
 ns

 21.9±0.17
**

 20.3±0.04*
**

 17.9±0.62
***

  

 

3.1 

 

 

-9.4 

250 µg 23.6±0.49
 ns

 22.5±0.45
***

 20.8±0.74
***

 19.4±0.32
***

 

125 µg 18.6±0.45
***

 17.8±0.13
**

 16.1±0.53
**

 15.2±0.66
*
 

62.5µg 20.1±0.53
 ns

 19.1±0.45
ns

 18.9±0.37
ns

 16.8±0.70
ns

 

31.25µg 23.3±0.15
ns

 22.6±0.53
**

 21.7±0.66
***

 20.2±0.33
**

 

 

Figure 4. 40: In-vivo anti-diabetic activity of synthesized compounds and standard drug 

Glibenclamide in 500µg dose. 
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Figure 4. 41: In-vivo anti-diabetic activity of synthesized compounds and standard drug 

Glibenclamide in 250µg dose. 

 

 

Figure 4. 42:  In-vivo anti-diabetic activity of synthesized compounds and standard drug 

Glibenclamide in 125µg dose. 
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Figure 4. 43:  In-vivo anti-diabetic activity of synthesized compounds and standard drug 

Glibenclamide in 62.5µg dose. 

 

 

Figure 4. 44:  In-vivo anti-diabetic activity of synthesized compounds and standard drug 

Glibenclamide in 31.25µg dose. 
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Figure 4. 45: Effect of synthesized compounds on body weight of treated mice . 

4.7 Biochemical assays: 

Table 4.6 depicted the effects of tested compounds on the liver enzymes. in this research the 

values of serum glutamate pyruvate transaminase,(SGPT), serum glutamate oxaloacetate 

(SGOT),and alkaline phosphatase (ALP) were evaluated in alloxan-triggered diabetic-mice. It 

was found that with administration of UOM15, UOM14 and UOM13 there was no significant 

rise in the level of SGPT, ALP and SGOT that was checked against the glibenclamide as 

standard. Moreover, the tested compounds were also evaluated for serum creatinine changes, 

UOM15, UOM14 and UOM13 showed no rise in serum creatinine above the normal range. 

However, UOM12 caused significant increase in SGPT, SGOT, ALP and serum creatinine as 

shown in Table 4.6. As UOM12 is weaker antidiabetic than other tested compounds (UOM15, 

UOM14, UOM13) so it cannot control well blood sugar level that is why increased 

hyperglycemia is associated with such high marker evaluations. 
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Table 4. 6: Biochemical tests results: 

Treatment Conc/route Biochemical Changes After 21 days 

SGPT IU SGOT IU ALP IU Serum 

creatinine 

(mg/dl) 

GroupI 

NS 

IP 14.1+0.34 18.1+0.35 183.1+0.31 0.59+0.21 

GroupII 

Tween80 

IP 52.3+0.52
###

 44.3+0.54
###

 289.3+0.64
###

 2.4+0.38
#
 

GroupIII 

GB 

IP 16.8+0.20
***

 18.20.61
***

 177.2+0.71
***

 0.51+0.42
ns

 

Group IV 

UOM15 

IP 31.5+0.93
***

 21.6+0.67
***

 179.3+0.83
***

 0.76+0.61
ns

 

Group V 

UOM14 

IP 37.3+0.5
***

 25.7+0.81
***

 182.1+0.89
***

 0.79+0.51
ns

 

Group VI 

UOM13 

IP 29.7+0.8
***

 31.3+0.45
***

 186.6+0.51
***

 0.84+0.64
ns

  

Group VII 

UOM12 

IP 53.6+0.5
ns

 40.9+0.65
**

 279.5+0.31
***

 2.7+0.41
ns

 

Two-way ANOVA followed by bonferroni post-test. Group I compared with Group II. After that 

group II compared with group (III-VII). Data is represented as changes in LFTs and Serum 

creatinine (mean ± SEM of n=3). 
*
P < 0.05, 

**
P < 0.01, 

***
P < 0.001. ns; not significant. 

 

4.8 Oral Glucose tolerance test: 

For oral glucose tolerance assessment over night fasting mice were used (both control and 

treated) Glucose was given orally to mice at 2gm/kg against the standard glibenclamide. Blood 

glucose  was calculated at 0, 30, 60 and 120 minutes after glucose load to check the effect of 

exogenous glucose on mice. The control group resulted in high blood sugar after 120 minutes 

(16.4mmole/L). While tested compounds UOM15, UOM14 and UOM13 displayed good results 

after prescribed time (i.e. 9.3,8.7and 8.1 respectively) against the standard GB (7.8mmole/L). 

However, UOM12 displayed weak result (13.9mmole/L) after 120 minutes as shown in Table 

4.7. 
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Table 4. 7: Oral Glucose tolerance test results 

Treatment Conc/ 

route 

OGTT (mmole/L) 

0 minutes 30 minutes 60 minutes 120 minutes 

Group-I 

Tween80 

Oral 11.8±0.56 12.8 ± 0.60 14.04 ±0.86 16.4 ±051 

Group-II 

GB 

Oral 8.4 ±0.49
**

 9.8 ±0.56
**

 11.9 ±0.40
ns

 7.80 ±0.77
***

 

Group-III 

UOM15 

Oral 9.2 ±0.74
*
 10.8 ±0.43

ns
  12.1 ±0.40

ns
 9.3 ±0.86

***
 

Group-IV 

UOM14 

Oral 9.1 ±0.51
*
 10.5 ±0.64

*
 11.9 ±0.62

ns
  8.7 ±0.49

***
 

Group-V 

UOM13 

Oral 8.7 ±0.86
**

 9.7 ±0.62
**

 10.9 ±0.30
**

 8.1 ±0.56
***

 

Group-V 

UOM12 

Oral 9.9 ±0.86
ns

 10.2 ±0.33
*
 14.1 ±0.00

ns
 13.9 ±0.66

*
 

 

 

 

Figure 4. 46: Oral glucose tolerance test in treated mice. 

4.10 Lipid peroxidation and thiobarbituric acid reactions: 

In view of the importance of lipid peroxides in aging process the alteration in the extent of lipid 

peroxidation was studied in the present investigation with respect to the synthesized compound 

treatment, diabetic treated group, control group and diabetic and glibenclamide treated mice. 
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Lipid peroxidation was assayed in terms of formation of the thiobarbituric acid reactive 

substances (TBARs). Malondialdehyde is the mark of TBARs formation. Hence, in the current 

investigation we have employed this method to determine MDA levels which is directly 

proportional to lipid petaxidation. 

The pancreas MDA levels were estimated in all the experimental groups, such as control, 

synthesized compound treated diabetic mice and Glibenclamide treated diabetic mice. The values 

were expressed in µ moles of malondialdehyde formed/g wet weight of the tissue. The levels of 

MDA were significantly elevated in diabetic mice. But the MDA content in diabetic mice which 

were treated with the synthesized compounds was decreased significantly (Table 4.8). 

Table 4. 8: Changes in Lipid peroxidation in the Liver tissue of Normal Control (C), Diabetic 

(Alloxan–150 mg/kg body weight), UOM-15,14,13,12 treated (500 µg/kg body weight) and 

Diabetic + Glibenclamide. The values are expressed as µ moles of malondialdehyde 

formed/gram wet weight of the tissue. 

. 

In the current study the diabetic mice treated with the synthesized compounds, we observed a 

significant decrease in MDA levels. This may be due to the inhibition of lipid peroxidation by 

the compound treatment in diabetic mice. Oxidative stress due to free redical mediated lipid 

peroxidation has been implicated in the pathogenesis of several diseases including diabetes 

mellitus [200]. Several studies have demonstrated the involvement of free radicals in the genesis 

Lipid 

peroxidation 

Control Diabetic UOM-

15 

UOM-

14 

UOM-

13 

UOM-

12 

Diabetic + 

Glibenclamide 

Mean 

± 

SEM 

48.04 

± 

3.46 

69.71 

± 

2.91 

52.94 

± 

1.76
***

 

50.20 

±  

1.20
***

 

47.28 

± 

2.90
***

 

45. 96 

±  

2.06
***

 

55. 30 

±  

1.20
***

 

Percent change (-1.51) (45.08) (12.19) (14.32) (20.54) (20.76) (10.48) 
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of diabetes mellitus and their role in the induction of lipid peroxidation and depression of 

antioxidants defence system in diabetes mellitus Hu et al reported that plasma TBARS level was 

increased in diabetic patients due to vascular lesions induced by hyperglycemia [201]. 

 

Figure 4. 47: Effect of synthesized compounds on lipid perxodation . 

4.11 Enzymes kinetics studies: 

4.10.1 Alpha Glucosidase : 

The synthesized compounds (UOM1-UOM15) showed a strong inhibitory potential against 

glucosidase and the inhibitory effect was revealed from the calculated Vmax and Km values for 

glucosidase inhibition and these were determined using Michaelis-Menten kinetics and further 

confirmed from the Linewear-Burk plots for glucosidase as shown in figure 4.47,4.48. For the 

inhibition of the enzymatic activity of glucosidase, the Vmax and Km values were determined as 

75.86 µg/min and 11.74 µg/mL for UOM1, 75.88 µg/min and 15.67 µg/mL for UOM2, 71.55 

µg/min and 15.71 µg/mL for UOM3, 76.63 µg/min and 9.713 µg/mL for UOM4, 79.15 µg/min 

and 8.707 µg/mL for UOM5, 73.96 µg/min and 9.989 µg/mL for UOM6, 76.66 µg/min and 
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10.64 µg/mL for UOM7, 75.90 µg/min and 10.63 µg/mL for UOM8, 80.64 µg/min and 9.694 

µg/mL for UOM9, 82.89 µg/min and 9.338 µg/mL for UOM10, 79.18 µg/min and 9.338 µg/mL 

for UOM11, 82.63 µg/min and 10.47 µg/mL for UOM12, 80.38 µg/min and 8.726 µg/mL for 

UOM13, 90.92 µg/min and 11.12 µg/mL for UOM14, 88.96 µg/min and 10.18 µg/mL for 

UOM15. The positive control, acarbose showed a robust inhibition of glucosidase as revealed 

[202].   

Table 4. 9: Alpha Glucosidase Michaelis-Menten Kinetics: 

Sample Km Vmax 

UOM1 11.74 75.86 

UOM2 15.67 75.88 

UOM3 15.71 71.55 

UOM4 9.713 76.63 

UOM5 8.707 79.15 

UOM6 9.989 73.96 

UOM7 10.64 76.66 

UOM8 10.63 75.90 

UOM9 9.694 80.64 

UOM10 9.338 82.89 

UOM11 9.423 79.18 

UOM12 10.47 82.63 

UOM13 8.726 80.38 

UOM14 11.12 90.92 

UOM15 10.18 88.96 

Acarbose 9.764 90.38 
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Figure 4. 48: Lineweaver-Burk  Plots of Alpha glucosidase: 
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Figure 4. 49: Lineweaver-Burk  Plots of Alpha glucosidase: 
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4.10.2 Alpha Amylase:  

The synthesized compounds (UOM1-UOM15) showed a strong inhibitory potential against 

amylase and as revealed from the corresponding Vmax and Km values which were determined 

using Michaelis-Menten kinetics and confirmed from the Linewear-Burk plots for amylase . For 

the inhibition of amylase activity, the Vmax and Km values were determined as 74.24 µg/min and 

13.13 µg/mL for UOM1, 70.58 µg/min and 8.914 µg/mL for UOM2, 67.16 µg/min and 8.914 

µg/mL for UOM3, 75.05 µg/min and 10.49 µg/mL for UOM4, 78.13 µg/min and 9.745 µg/mL 

for UOM5, 71.84 µg/min and 10.46 µg/mL for UOM6, 72.05 µg/min and 9.558 µg/mL for 

UOM7, 74.03 µg/min and 11.23 µg/mL for UOM8, 78.84 µg/min and 10.53 µg/mL for UOM9, 

81.49 µg/min and 10.75 µg/mL for UOM10, 77.32 µg/min and 10.55 µg/mL for UOM11, 80.26 

µg/min and 11.17 µg/mL for UOM12, 79.23 µg/min and 10.18 µg/mL for UOM13, 89.18 

µg/min and 11.78 µg/mL for UOM14, 86.64 µg/min and 10.53 µg/mL for UOM15. The positive 

control, acarbose showed a robust inhibition of amylase as revealed for their respective Vmax and 

Km values of 88.26 µg/min and 9.872 µg/mL [204]. 
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Table 4. 10: Alpha Amylase Michaelis-Menten Kinetics: 

Sample Km Vmax 

UOM1 13.13 74.24 

UOM2 8.914 70.58 

UOM3 8.231 67.16 

UOM4 10.49 75.05 

UOM5 9.745 78.13 

UOM6 10.46 71.84 

UOM7 9.558 72.05 

UOM8 11.23 74.03 

UOM9 10.53 78.84 

UOM10 10.75 81.49 

UOM11 10.55 77.32 

UOM12 11.17 80.26 

UOM13 10.18 79.23 

UOM14 11.78 89.18 

UOM15 10.53 86.64 

Acarbose 9.872 88.26 
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Figure 4. 50: Lineweaver-Burk Plots of Alpha amylase 
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Figure 4. 51: Lineweaver-Burk Plots of Alpha amylase 

 

4.12 Proposed Mechanism of antidiabetic activity of synthesized compounds: 

TZDs work by activation of PPARG which is a nuclear receptor [205]. So a TZDs are agonists of 

PPARG subset of PPARs [206]. The indigenous agonists for these receptors are free fatty acids 
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and eicosanoids. When excited these receptors bind to DNA complexed with retinoid x receptor 

(RXR) which is a different nuclear receptor that causes expressions and repressions of certain 

genes that increasing fatty acids storage in adipose tissues thereby decreasing fatty acids 

concentration in blood [207]. So, cells rely more on oxidation of carbohydrates than other 

sources. The excited PPAR-RXR complex attaches to peroxisome-proliferator-response element 

that results in: resistance to insulin is decreased, fat tissues differentiation is modified, 

angiogenesis is inhibited, increased appetite caused by reduced leptin level, IL-6 diminishes and 

adenopectin level rises [208]. TZDs usually decreases TGs and enhances HDL-cholestrol and 

low LDL-C. PPARᵧ1 are present in all cells e.g. fat cells, large intestine cells, HPSC, to lesser 

extent in liver, kidney, muscles pancreas, and small intestine. PPARᵧ2 are present in brown and 

white adipose tissues [209]. PPARG also enhances the gene expression, glucose transporter type-

4 (GLUT-4) and c-Cbl associated protein(CAP) indulged in glucose hoemostasis Because of 

basic structure similarity between TZDs and cyanoacetate derivates of succinimides as shown in 

below structures, it is proposed that these synthetic compounds act on PPARs that lowered blood 

sugar in the tested animals [210]. 
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Succinimide basic structure 

TZDs basic structure 
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CONCLUSIONS 

 In the current study a total of 15 compounds were synthesized containing majority as new 

compounds. These synthesized compounds were assessed in vitro and preliminary in-vivo study 

to identify the impact on diabetes mellitus and antioxidant role. Based on the in-vitro study we 

subjected the potent compounds to in vivo anti diabetic study in animal’s models. In this study 

three cyanoacetate derivatives (UOM1, UOM5 and UOM2) showed potent results in ABTS 

antioxidant assay, while three other synthesized compounds (UOM3, UOM2 and UOM1) 

displayed strong activity in DPPH assay (Table 4.1). Similarly, total four (4) compounds 

(UOM15, UOM14, UOM13 and UOM12) gave significant in α-glucosidase inhibitory assay 

(Table 4.2), while in α-amylase assay UOM15, UOM14 and UOM13 were the most potent ones 

(Table 4.3). Based on in-vitro anti-diabetic findings we subjected the four most potent 

compounds like (UOM15, UOM14 and UOM13) for in-vivo investigation. These compounds 

gave potent in-vivo anti diabetic results against the standard drug glibneclamide while UOM12 

gave a weak antidiabetic effect (Table 4.5). In LFTs and serum creatinine no increase was 

recorded respectively (Table 4.6) .Lkikewise, during the glucose tolerance test good result was 

achieved from compounds UOM15, UOM14 and UOM13 while UOM12 again not exhibited 

significant result (Table 4.7).Finally the pancreas of all treated mice was isolated and subjected 

for checking the production of any reactive species during the treatment but significant decrease 

in MDA level was noted as shown in Table 4.8. The synthesized compounds (UOM1-UOM15) 

showed a strong inhibitory potential against α-glucosidase and α-amylase n kinetic study. The 

inhibitory effect was revealed from the calculated Vmax and Km values for glucosidase and 

amylase inhibitions. From the observation of all findings, it is concluded that the synthesized 

compounds have antioxidant and anti-diabetic actions both of which are key factors in the 

management of DM. 
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Future Perspective 

From the current investigational study, it is clear that compounds (UOM15, UOM14 and 

UOM13) have considerable anti-diabetic activity and effectively inhibit target enzymes (α-

glucosidae & α-amylase) concerned to diabetes. These compounds also have anti-oxidant effect. 

Further receptor-based study will be required to elucidate the anti-diabetic effects. Being highly 

potent and effective, these compounds will be further evaluated for their structure activity 

relationship (SAR) against for the aforementioned biological assays. Furthermore, we design to form 

dosage form of the potent compounds for further clinical trials as well synthesis of various 

derivatives of the potent compounds. 
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