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Article History  Abstract  

Received : 12th April 2023  Diabetes can have long-term consequences by causing damage to essential organs, blood 
vessels, and nerves. Diabetes prevalence continues to climb internationally, with poorer nations 
bearing the brunt of the burden. Diabetes mellitus is a condition characterised by insufficient 
glucose management in the blood. Type 1 diabetes, type 2 diabetes, neonatal diabetes, 
maturity-onset diabetes of the young, gestational diabetes and steroid-induced diabetes are all 
subtypes. Since sickness is essentially because of the shortfall of insulin, insulin organization 
through day-to-day infusions, or an insulin siphon, is the backbone of therapy. Traditional oral 
drug therapy is described in the paper. In type 2 diabetes mellitus, diet and exercise might be 
satisfactory medicines, particularly at first. Different treatments might insulin awareness or 
increment insulin emission by the pancreatic islets. The particular classes for drugs incorporate 
thiazolidinediones, biguanides, sulfonylureas, dipeptidyl peptidase-IV inhibitors, alpha-
glucosidase inhibitors, glucagon like-peptide-1 agonist, sodium-glucose carrier 2 inhibitors and 
meglitinides. And peer review of many heterocyclic moieties used as synthesis of anti-diabetic 
compound is described. Heterocyclic moieties like oxazole, thiazole, pyrrole, piperazine and 
many more are explained for generation of antidiabetic compounds having a significant 
therapeutic effect their structures are also provided and if structure activity relationship is 
explained for the heterocyclic compounds mentioned and what functional group changes can 
be possible for significant antidiabetic effect. As several of the pharmacological candidates 
mentioned show potential as an effective anti-diabetic chemotherapy, this study provides a 
platform for future medication design and development targeting diabetes treatment (i.e. 
optimization by structural derivatization). 
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INTRODUCTION  
 

The term "diabetes mellitus" refers to a metabolic condition 

with a variety of etiologies characterised by persistent 

hyperglycemia and worsening fat, carbohydrate, and 

protein digestion caused by flaws in insulin emission, 

insulin activity, or both. Long-term injury, brokenness, and 

disappointment of many organs are all effects of diabetes 

mellitus[1]. 

Types of diabetes mellitus: 

Type 1 diabetes mellitus often appears in childhood stage 

and immaturity, and require lifetime insulin infusions for 

survival of an individual. 

Type 2 diabetes mellitus often appears in maturity and is 

associated with obesity, a lack of physical labour, and poor 

eating habits. This is among a large population kind of 

diabetes mellitus, and therapy may consist of lifestyle 

modifications and oral drug therapy or even insulin infusion 

[2]. 

Categories of diabetes mellitus 

Diabetes mellitus is classified into several types, including 

gestational diabetes (a hyperglycemic syndrome that 

develops during pregnancy) and "other" more unusual 

causes (hereditary disorders, obtained cycles, for example, 

pancreatitis, illnesses like cystic fibrosis, openness to 

specific medications, infections, and obscure causes)[3]. 

FACT 

A dramatic increase was recognised in year 2014 where a 

422 million people suffering from diabetes mellitus with a 

gap difference of only in a decade. Widespread of 

diabetes-related health issues are among in lower health 

index countries and those lower annual income, who 

actually cannot afford initial diagnosis. Diabetes is a major 

cause of vision loss, renal failure, coronary artery disease, 

and appendage removal. 

From year 2000 and 2016, 5% increase in diabetes-related 

premature death. Diabetes mellitus was the tenth major 

cause for death in 2019, with approximately 1.5 million 

deaths [4]. 

Sign and Symptoms 

Signs and symptoms for diabetes mellitus are mentioned 

below[5]: 
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• Weight loss 

• Urge for thirst 

• Ketones bodies presence in the urine 

• Irritability 

• Urge for urination 

• Extreme hunger 

• Fatigue 

• Frequent infections 

• Blurred vision 

Drug therapy for diabetes mellitus 

Since sickness is essentially because of the shortfall of 

insulin, insulin organization through day to day infusions, or 

an insulin siphon, is the backbone of therapy[6]. In type 2 

diabetes mellitus, diet and exercise might be satisfactory 

medicines, particularly at first. Different treatments might 

insulin awareness or increment insulin emission by the 

pancreatic islets[7]. The particular classes for drugs 

incorporate thiazolidinediones, biguanides, sulfonylureas, 

dipeptidyl peptidase-IV inhibitors, alpha-glucosidase 

inhibitors, glucagon like-peptide-1 agonist, sodium-glucose 

carrier 2 inhibitors and meglitinides [8] as referenced in 

table 1. 

Table 1: Drug therapy for management of Type 2 Diabetes Mellitus 

• Subgroup 
Generic name 

(Brand) 
Structure 

Biguanides Metformin (1) 

 

(1) 

Thiazolidinediones Rosiglitazone (2) 

Pioglitazone (3) 

 

(2) 

 

(3) 

Sulfonylureas Chlorpropamide (4) 

Glimepiride (5) 

Glipizide (6) 

Glyburide (7) 

Tolazamide (8) 

 

 

(4) 

 

(5) 
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(6) 

 

(7) 

 

(8) 

Glinides Nateglinide (9) 

Repaglinide (10) 

 

(9) 

 

(10) 

inhibits alpha 

glucosidase 

Acarbose (11) 

Miglitol (12) 

(11) 
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(12) 

  glucagon-like 

peptide-1 receptor 

agonist 

Exenatide (13) 
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(13) 

DPP-4 inhibitors Sitagliptin (14), 

Saxagliptin (15), 

Linagliptin (16), 

Alogliptin (17) 

 

(14) 

 

(15) 

 

(16) 

 

(17) 
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Pramlintide Pramlintide (18) 

 

(18) Golden line indicates disulfide bond 

Rapid-release 

bromocriptine 

Bromocriptine (19) 

 

(19) 

SGLT-2 inhibitors Canagliflozin (20) 

Dapagliflozin (21) 

Empagliflozin (22) 

 

(20) 

 

(21) 

 

(22) 
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OXADIAZOLE  

O

N N  
1,3,4-oxadiazole (9) 

Orchestrated a progression of 1,3,4-oxadiazoles as 

referenced in table 2, 10(a-j) (a):H+, (b):Cl-, (c):Br-, (d): 

F-, (e):CH3-, (f):I-, (g):NO2, (h):OCH3, (i):SCH3, (j):CF3, 

(k):N(CH3)2 involving 2-mercapto benzimidazole was 

evaluated for in-vivo antidiabetic movement utilizing test 

for glucose tolerance[9]. A portion of the mixture was 

evaluated for fantastic antidiabetic movement and 

furthermore pharmacophore got from dynamic particles 

proposed that presence of - OH bunch was a typical 

element in every single dynamic compound. Blended a 

progression of furoxan-based nitric oxide-delivering 

chrysin subsidiaries. Pharmacological tests showed that 

all chrysin subordinates displayed in vitro inhibitory 

exercises against aldose reductase and progressed 

glycation final result development[10]. Some chrysin 

subsidiaries were additionally found to build the glucose 

utilization of Hepatic G2 cells. Besides, the mixtures 

delivered a low measure of Nitric Oxide within the sight 

of L-cysteine. This cross breed furoxan-based Nitric 

Oxide benefactor chrysin subsidiaries offer a common 

prodrug plan idea for the improvement of remedial or 

preventive specialists for vascular intricacies because of 

diabetes[11]. 

 

 

Table 2: Oxadiazole compound showing maximum antidiabetic activity 
 

S

N

NH
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O
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R                       

   (10a-j)   
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O
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O
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CH3

Ph

 

   (11) 

R= Halogenated Aryl or Heterocyclic Ring 

(a): H+, (b, c, d): Halogens, (e): CH3, (f): I, (g):NO2, (h): 

OCH3, (i): SCH3, (j): CF3, (k): N(CH3)2            

 

 

 

 

OXAZOLE 

O

N  
1,3-oxazole (12) 

 

An oxazole subordinate with IUPAC (R)-3-amino-1-(2-

cyclopropyl-6,7-dihydrooxazolo[4,5-c]pyridin-5(4H)-yl)-

4-(2,5-difluorophenyl)butan-1-one(13) was developed 

to have extensive Dipeptidyl peptidase -IV restraint[12]. 

Oxazole subsidiaries was incorporated and furthermore, 

resulted Protein tyrosine-1B inhibitory movement. 

Tyrosine phosphatase-1B has been viewed as 

significant for the utilization and management of 

diabetes and corpulence. The mixtures, 13 and 14 

displayed the most encouraging movement[13]. 

Planned and blended 1,3-dioxane corrosive 

subsidiaries and joined oxazole and assessed them for 

in vitro and in vivo potential of compound and profile for 

lipids lowering adequacy in creature models utilizing 

tesaglitazar and rosiglitazone as standard mixtures[14]. 

Compound 15 was viewed as the most dynamic. 

Planned and incorporated thiophene subbed oxazole 
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composed of α-alkoxy-phenylpropanoic corrosive 

subsidiaries as profoundly intense Peroxisome double 

agonists[15]. Peroxisome proliferator-actuated 

receptors assume a vital part in metabolic condition 

whose significant appearances are hyperglycaemia, 

dyslipidaemia and weight. Compound 16 was viewed as 

the most solid double agonist and showed the glucose 

decrease significantly[16]. The constructions of the 

most dynamic antidiabetic substance synthesized (13-

17) are displayed in table 3. 

 

 

 

Table 3: Oxazole Compound Showing Maximum Antidiabetic Activity 

 

Compound Structure 
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PYRROLLE (18) 

NH

 
(18) 

 

Current restorative methodologies which remember 

insulin obstruction with the assistance of Rosiglitazone 

and other of this subclass, expanding secretion of 

insulin by thoroughly use of sulfonylureas and 

biguanides are connected to each other with its 

undesirable after effects like hypoglycaemia, 

gastrointestinal problems and beta-cell apoptosis[17]. A 

few investigations evaluated that Dipeptidyl peptidase 

IV inhibitors address another pharmacological subclass 

for the maintenance[18]. Dipeptidyl peptidase IV is an 

omnipresent yet explicit proteolysis compound serine 

protease that divides terminal dipeptides from 

polypeptides by recurrent terminal position of L-proline 

or of L-alanine[19]. It remains alive in two structures for 

example a protein bound to plasma and a solvent in 

plasma. The incomparable reason for in-vivo activity of 

dipeptidyl peptidase IV inhibitors against glucagon like 

peptidase-1. An incretin which changes blood glucose 

levels[20]. The L-cells and invigorates delivery and 

biosynthesis of insulin, represses and builds the gastric 

acid purging time which brings about decreasing the 

hunger. Be that as it may, dynamic Increatins can be 

quickly corrupted by Dipeptidyl peptidase IV[21]. 

Planned and blended a progression of freshly 

developed β-aminopyrrole-2-carbonitrile group 

subsidiaries and evaluated them as antidiabetic 

movement with standard form of medication. Compound 

19 was uncovered as a viable and particular Dipeptidyl 

peptidase IV inhibitors lowers blood sugar profile. [22, 

23]. It showed great Dipeptidyl peptidase IV inhibition 

action when contrasted, with vildagliptin which was 

utilized as certain control[24, 25]. Planned and 

integrated a progression of formally developed subbed 

a-amino pyrrole-2-carbonitrile group containing 

subsidiaries in light of Structure activity of pyrrole-2-

carbonitrile inhibitors[26, 27]. Compound 19,20 showed 

magnificent inhibitory movement against Dipeptidyl 

peptidase IV when contrasted with sitagliptin which was 

utilized as a standard medication[27] (Table 4) 

 

Table 4: Pyrrole Compound showing maximum antidiabetic activity 
 

19. 

F

F

F

N

N

NH2

O

 

❖ Amide moiety will bind to active site of 

Dipeptidyl peptidase-4 Strong electron 

withdrawing group will increases 

potency of compound i.e. I, OCH3 

❖ Cyano group enhances compound 

interaction with DPP4 

❖ Bicyclic ring present is responsible for 

hydrophobic interaction with amino 

acids. 

20. 
N

S

N

O

NH2

F

N

 

❖ Nitrile site enhances activity of adduct 

formation with catalytic site of Ser630. 

❖ Thiazole ring should remain 

unsubstituted. 

❖ Amino acids of Dipeptidyl peptidase-4 

receptor will interact more in presence 

F atom 
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THIAZOLE (21) 

S

N  
(21) 

 

Thiazole cross variants have been shown to have anti-

diabetic properties. Diabetes mellitus is a metabolic 

disorder characterised by abnormalities in insulin 

output, insulin mobility, or both. [28]. Absence of insulin 

were causing persistent hyperglycaemia with unsettling 

influences of digestion. Tissue or vascular harm 

prompts genuine diabetic confusions, for example 

retinopathy, nephropathy, cardiovascular intricacies 

and neuropathological conditions in advanced 

sickness[29]. Along these lines, diabetes incorporates 

different heterogeneous illnesses. Diabetes mellitus can 

be disconnected into various types, but type-1 and type-

2 are the two essential sorts. As a matter of first 

importance, drugs are used to save human life and 

alleviate the sickness. The point is to prevent long 

stretch diabetic complexities and assurance a more 

expanded life by getting rid of various bet factors[30]. 

Benzofuran-thiazole hybrids were mixed. also, pursued 

for glucose-cutting down sway in rodents. Considering 

the agonistic activity, compound 22 and 23 decided for 

oral glucose opposition test. Rodents were randomized 

into 4 get-togethers, bundle I for control, pack II for 

dynamic compound Fasiglifam, bundle III for compound 

24 and social affair IV for compound 25[31]. All social 

events dosed with %30 glucose plan after 30 min. Blood 

tests were assembled in various times and assessed by 

blood glucose test strips. Gigantic decrease of blood 

glucose levels found in compound 26 treated pack[32]. 

That glucose-cutting down sway was generally 

something almost identical with Fasiglifam. Coordinated 

isatin-thiazole hybrids of 27a to 27p and pursued for in-

vitro α-glucosidase inhibitory activity. Those blends 

showed extreme to coordinate α-glucosidase inhibitory 

development developing more than acarbose. 

Compound 28 (R1: 5-Me), (R2: 2-F-Benzyl), (R3: OH) 

showed the most essential inhibitory development[33]. 

Thiazole crossbreeds containing piperazine and 

piperidine investigated for their malonyl-Coenzyme A 

decarboxylase inhibitory effects alongside their 

antidiabetic works out. The joined combinations were 

used for the limitation of human activity. Taking into 

account the construction action relationship focuses on 

escalates 12, 13 were picked for a 14-day progressing 

feasibility studies in huge mice[34]. These blends were 

shown to diminish food confirmation and body weight, 

while compound 25 showed no basic effect. Heightens 

11 and 12 made 186% and 70% developments in 

malonyl Coenzyme An at piece of 100 damaging 

palmometer keratoderma treatment[35]. The type-2 

anti-glucokinase activity of new pyrane and thiazole 

cross variations was investigated. The Glucokinase 

activity of the combined blends was isolated using well-

padded mice. The majority of the blends demonstrated 

a preference for control over the no-subbed compound 

26a.[36, 37]. Furthermore, in both normal and Type-2 

diabetes animal models, a single oral administration of 

26b effectively lowered mice blood glucose levels. As -

glucosidase inhibitors, triazine and thiazole crossbreeds 

were synthesised. The development of -glucosidase 

inhibitory activity in mixed mixtures was varied. 

Compound 27i (R1: Br, R2: OMe) demonstrated the 

most significant development.[38]. The looked at 

consequences of tried compounds, the discoveries 

showed that electron-pulling out bunch (F or Br) at R1 

expanded movement[39, 40]. Arranged a movement of 

triazole, thiazole, and oxadiazole with thiazole half and 

parts and examined for hypoglycemic and hypolipidemic 

practises in rats against plasma glucose and fatty 

substance levels. In vivo, all of the thiazole hybrids were 

seen to have lower plasma glucose and fatty oil 

levels.[41-43]. After oral administration of various 

portions of the synthesised chemical, diabetic male rat 

competitors began. It has been discovered that the 

union of para-methoxy and pyridyl bundles into the 

development updates insulin action, as it enhances 28a-

c.[44, 45]. The delayed effects of therapy revealed that 

a wire with a thioethyloxy linkage and two carbon 

spacers interacting with heterocyclic moieties exhibited 

exceptional activity. Half and portions of 1,3,5-triazine 

and thiazoles (31a-j) were blended and considered for 

their anti-dipeptidyl peptidase-4 deterrent properties 

rather than their anti-dipeptidyl peptidase-4 deterrent 

properties.[46, 47] The aftereffect information 

addresses that each of the mixtures resulted huge 

inhibitory movement against Dipeptidyl peptidase-4[48, 

49]. Its restraint, while compound 30 (R1: H) and 29 (R1: 

4-F) showed the most powerful hindrance[50]. 

 

 

 



Subb et al. 

42 
 

Table 5: Thiazole Compound showing maximum antidiabetic activity 
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N
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O
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Compound 32 

R = CF3 

N
S

R

CH3

O

O

O

OH

 

 

 

To research glucose-bringing down impact in vivo, 

various portions of compound 32 were assessed in 

mice, a hereditary imperfection model with metabolic 

issues, for example, diabetes-related corpulent and 

insulin resistance[51, 52]. As displayed the double 

agonist showed hypoglycemic impact in a portion 

subordinate way, with changes in plasma glucose. 

 

IMIDAZOLE (33) 

NH

N  
(33) 

 

Various compounds involving imidazoline as core 

moiety have been accounted for to prompt insulin 
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discharge from disengaged pancreas and all the more 

significantly to further develop glucose resistance in the 

two rodents and two non-rodents[53, 54]. The 

imidazoline receptor site is capable of presenting 

pancreatic β-cells, which has been named the abnormal 

imidazoline or I3 recently distinguished I1 and I2 locales 

found in different tissues[55]. Considering above, 

concentrated on the I3 receptor opposing action of 2-(2-

ethyl-2,3-dihydrobenzo[b]furan-2-yl)-1H-imidazole(34) 

on plasma level in-vivo, and proposed that these 

medications might act at destinations other than I3 

receptor to decrease blood glucose enacted protein 

kinases is a significant flagging effector that couples cell 

digestion and capacity[56]. The impacts of activated 

protein kinases initiation on pancreatic beta-cell work 

stay unsettled. Considering above, utilized 5-

aminoimidazolecarboxamideriboside (35) is an activator 

of it[57], characterize the flagging instruments 

connecting the actuation of it with insulin discharge. 

From the review they presume that animated insulin 

discharge by both K+ ATPase channel-subordinate and 

- free pathway Imidazoline subsidiaries have been 

accounted for to show antihyperglycemic movement in 

vivo[58, 59]. Considering above, Planned and blended 

novel imidazoline subordinates and evaluated them for 

their strong enemy of hyperglycemic action in type-2 

diabetes mellitus in rodent model[60, 61]. Orchestrated 

mixtures of, 2-(a-cyclohexyl-benzyl)-4,5-dihydro-1H-

imidazole(36,37) displayed intense enemy of 

hyperglycemic property having pKi upsides of 7.23 and 

7.38 against imidazoline inclining toward restricting 

destinations I1 and I2, individually[62, 63]. 

 

Table 6: Imidazole Compound showing maximum antidiabetic activity 
 

O

N NH

CH3

(34) 

 

O OH

OH

OH

OH

    (35) 

NH
N

NH2

O
NH2

(36) 

NH N

(37) 

 

 

BENZIMIDAZOLE (38) 

NH

N

 
(38) 

 

Viewed that as 3-(2,4-dichlorobenzyl)-2methyl-N-

(pentylsulphonyl)-3H-benzimidazole-5-

carboxamide(39), further develop insulin opposition in 

mammalian creature model through actuation of 

peroxisome proliferator activation receptor-δ intervened 

transcriptional movement subsequently [64]compound 

39 is considered as an original remedial possibility for 

treatment of type 2 diabetic patients[65]. Completed an 

enhancement investigation of action which lead to the 

distinguishing proof, 40 as displayed in conspire 41, 

which it is a strong, metabolically steady and midway 

infiltrate as incomplete agonist[66]. Presented different 

replacement of carbon at 2nd position of the focal 

benzimidazole (42) nucleus of telmisartan for 

Peroxisome proliferator activation receptor-δ 

initiation[67, 68]. 
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Table 7: Benzimidazole Compound showing maximum antidiabetic activity 
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R = (i) -C4H9, (ii) iso-C4H9 (iii) tert-C4H9, (iv) -C6H5, (41) 

N

N CH3

Cl
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O

O

O

CH3

 

(42) 

 

 

 

Benzimidazole as Glycogen Activator 

Glucokinase is a catalyst which work with glucose-6-

phosphate and happens overwhelmingly in the liver and 

pancreatic β-cells[69, 70]. Glucokinase assumes a 

significant part in starch digestion. In this way, actuation 

causes an expansion in hepatocytic cells glucose take-

up and use[71]. It is important to specify that its action 

is connected with increment insulin emission in beta 

cells[72, 73]. Appropriately, activators of glucokinases 

can go about as hypoglycaemic specialists through the 

accompanying instruments: I) An expansion of hepatic 

glucose reuptake and ii) invigorating insulin discharge 

from pancreatic β-cells[74]. In view of this reasoning, 

different little particles were orchestrated as 
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Glucokinases Activators. Compound 2-(pyridine-2-yl)-

1H-benzimidazole (43) glucokinase activators were 

explored. Thoroughly primary alteration of 

benzimidazole [75]headed to intensify 43 which was 

distinguished from a high throughput screening[76, 77]. 

Substance 44 viewed as a powerful glucokinase 

activator. The compound likewise has an intense oral 

glucose bringing down viability in rodent Oral glucose 

tolerance test model[78, 79]. 

 

 

F

N

NH N

N

O

O

CH3

O

(43) 

N

NH N

O

N

CH3

O

 

(44)  

 

Glycosidases Receptor Target of Benzimidazole. 

 Glycosidases are gathering of chemicals answerable 

for the hydrolytic invasion of glyosidic securities in 

complex starches[80, 81]. The possible focuses on 

advancement of antidiabetic drugs. 2nd position 

substituted benzimidazole subordinates were ready by 

and assessed action on rodent digestive α-glucosidase 

hindrance[82, 83]. Substance number 45 showed nearly 

95% hindrance of yeast and rodent digestive α-

glucosidase chemical while [84, 85]compound 46 

showed approximately 75±1% restraint. Compound 

number 30 was viewed as the most powerful inhibitor for 

digestive α-glucosidase generating an IC50 worth of 99 

μM[86]. Intensifies 45th, 46th showed huge 

antihyperglycemic movement in starch-instigated 

postprandial hyperglycemia in rodents[87-89].

 

 
N

NH

N

O2N  

(45) 

N

NHCH3

OH

OH

 

(46) 

 

 

PIPERAZINE (47) 

NH

NH  (47) 

The generated Bicyclic piperazine subsidiary of general 

equation below are useful in human [90, 91]and 

veterinary medications for preventing illnesses such as 

obesity, diabetes, metabolic issues, cardiovascular 

sickness, or upheaval associated with G-protein 

coupled receptor activity in patients[92]. In human 

embryonic kidney-293 cells, these newly created 

particles were tested for their ability to activate G-protein 

receptor119 and generate increases in cyclic-

Adenosine [93]Monophosphate levels, with an 

increasing effectiveness. Similarly, G-protein receptor 

88 has strong articulation in the central nervous system, 

with quantitative articulation in peripheral organs such 
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as the liver, and so its flagging may contribute to 

metabolic cycle guidance[90]. 

 

Table 8: Piperazine Compound showing maximum antidiabetic activity 
 

 

Ar= substituted aryl and heteroaryl etc W= O and NR1, 

absent; R1= H, C1-C6 alkyl R2 & R3= H, or-CH2-CH2; X=-

CH2-CH2 , CHR4, absent Y= CHR5, absent; R4 & R5= H, 

or -CH2-CH2 Z= -CH2-CH2 , CHR8; R6, R9& R10= H R7& 

R8= H, C1 -C6alkyl, CH2-CH2 etc R11= C1 -

C6alkoxycarbonly, C1 -C6alkylthiocarbonyl, C4 -

C13cycloalkylalkyl, heteroaryl etc;R15= H and CN (48) 

 

 

COUMARIN 

New glucose production in the liver and other organs 

such as the kidney may also contribute to a higher 

plasma glucose level [94]. In diabetic animals, coumarin 

reduced the hepatic gluconeogenic proteins glucose-6-

phosphatase and fructose-1,6-bisphosphatase[95]. 

Umbelliferone reduced blood glucose and HbA1c levels, 

as well as the activity of the enzyme’s glucose-6-

phosphatase and fructose-1,6-bisphosphatase. 

Furthermore, it increased plasma insulin, liver glycogen, 

glucokinase, and glucose-6-phosphate dehydrogenase 

in diabetic animals[97, 98]. Coumarin-3-carboxylic 

destructive auxiliaries inhibited lactate uptake by a few 

of malignant cell types [99]. Hepatic difference in lactate 

is one of the known instruments for gluconeogenesis 

[100]. 

 

CONCLUSION 

These compounds have potential pharmacological 

actions and are deserving candidates for diabetes 

control. Many of these possible pharmacological 

agonists and antagonists are not yet in clinical trials, but 

they highlight the urgency of further derivatization in 

order to give an option for controlling diabetes more 

efficiently and effectively in the future. Furthermore, 

these agents with promising activity and well-defined 

mechanisms of action might be regarded as helpful 

prototypes in the design and development of innovative 

and more potent synthetic compound-based 

modulators. Hence various heterocyclic moieties-based 

approach for antidiabetic effects have been remained 

successful in past year in development of oral 

medication and also can be successful approach for 

synthesis of many novel compounds in future.  
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