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Motto: 

“I think that any life which merits living lies in the effort to realize 

some dream, and the higher that dream is, the harder it is to realize.” 

Eugene O'Neill, The Unknown O'Neill: Unpublished 

or Unfamiliar Writings of Eugene O'Neill 

 

 

The unprecedented progress in medicine, 

like in all other sciences, is also present in the 

recent years in the field of diabetology. We 

presented in a recent paper the main information 

regarding the pathophysiology of type 2 diabetes 

mellitus (T2DM) and how specific knowledge in 

this field evolved during the last years [1]. 

Nevertheless, clinicians mostly see patho-

physiology as a practical mean to understand 

spontaneous evolution of a specific disease and 

to identify new and better ways for treating it. 

Therefore, we aimed now to analyze T2DM 

from the recently opened perspectives in its 

therapy. Newly introduced medications in this 

field tend to act upon multiple pathophysi-

ological mechanisms, and some of them 

influence the comorbid conditions frequently 

associated with T2DM. 

Glucagon-like peptide 1 (GLP-1) receptor 

agonists efficiently reduce HbA1c by increasing 

the β-cell insulin secretion in a glucose-

dependent manner, and therefore have a reduced 

risk of inducing hypoglycemia. They also inhibit 

the α-cell glucagon secretion (and thus reduce 

the hepatic glucose output), reduce body weight 

by decreasing appetite and delay gastric 

emptying, with favorable consequences on 

postprandial hyperglycemia. Moreover, they 

exert beneficial effects on other cardiovascular 

risk factors such as dyslipidemia, high blood 

pressure and endothelial dysfunction and it is 

hoped they will preserve beta cell function on 

the long term [2,3]. 

Given the multiple positive effects of GLP-1 

receptor agonists, the high interest shown by 
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different pharmaceutical companies in 

developing new agents in this class becomes 

easily understandable [4]. Soon after the first 

GLP-1 receptor agonist, exenatide (AstraZeneca; 

administered either twice daily or once weekly), 

was introduced, other compounds reached the 

market: liraglutide (Novo Nordisk; once daily), 

lixisenatide (Sanofi; once daily), albiglutide 

(GlaxoSmithKline; a GLP-1 receptor agonist 

developed by fusioning a human GLP-1 dimer 

with recombinant human albumin and 

administered once weekly) [5,6] and dulaglutide 

(Eli Lilly; a GLP-1 analog associated with a Fc 

fragment of human antibodies, administered 

once weekly) [7,8]. Other molecules in different 

development stages are: efpeglenatide (Hanmi 

Pharmaceutical; an exendin-4 analog conjugated 

to a non-glycosylated human Fc fragment, now 

in phase IIb studies for once weekly or once 

monthly administration) [9], and semaglutide 

(Novo Nordisk; a GLP-1 receptor agonist with 

once weekly subcutaneous or oral administration 

– the latter formulation entering phase 3 clinical 

studies in the near future) [9-12]. Studies using a 

subcutaneously implanted osmotic pump to 

release exenatide at a slow and constant rate 

during one year are also under way [13,14]. 

As to dipeptidyl peptidase 4 (DPP-4) 

inhibitors, 5 compounds are approved at present 

in the United States and/or in Europe: sitagliptin, 

saxagliptin, alogliptin, linagliptin and 

vildagliptin. Other members of this class such as 

anagliptin, teneligliptin and gemigliptin are 

approved for clinical use in some Asian 

countries. All DPP-4 inhibitors are administered 

once daily, except for vildagliptin, which 

requires twice-daily dosage [15]. Omarigliptin 

(Merck Sharp & Dohme), a once-weekly 

administered DPP-4 inhibitor, is in the phase of 

clinical studies [16,17]. 

Sodium-glucose co-transporter (SGLT)-2 

inhibitors proved their efficacy not only in 

decreasing glycemia and HbA1c, but also in 

improving some other cardiovascular risk 

factors. They lower blood pressure (due to the 

natriuretic effect induced by the SGLT-2 

inhibition) and body weight (due to losing 

approximately 280 kcal/day by glycosuria) [18]. 

Some of these compounds already started to be 

successfully used in clinical practice in the 

United States and/or in Europe: dapagliflozin 

(AstraZeneca), canagliflozin (Janssen) and 

empagliflozin (Boehringer Ingelheim / Eli Lilly). 

The last recently produced a great impact in the 

reunited fields of cardiology and diabetology, as 

it was proven to reduce the rate of cardiovascular 

events in a specific outcome trial [19]. Other 

SGLT-2 inhibitors are approved only in Japan or 

still in the phase of clinical trials: tofogliflozin 

(Chugai Pharma), ipragliflozin (Astellas 

Pharma), luseogliflozin (Taisho Pharmaceutical), 

ertugliflozin (Merck / Pfizer) [20]. 

Besides inhibiting SGLT-2, canagliflozin 

also seems to have a mild inhibitory effect on 

SGLT-1, but without clinical significance. 

Meanwhile, another compound (LX4211 – 

sotagliflozin; Lexicon Pharmaceuticals) is in 

research at present. LX4211 inhibits both SGLT-

2 and SGLT-1 and determines an increased 

glucose excretion rate in the urine, higher levels 

of circulating GLP-1 and lower intestinal 

absorption of glucose [21-23]. Preliminary study 

results suggest that dual inhibition of SGLT-2 

and SGLT-1 might offer some advantages 

compared to the mere inhibition of SGLT-2 

[20,23]. 

Newer drugs to stimulate insulin secretion 

are also under research. Thus, activation of free 

fatty acid receptors (FFAR), naturally occurring 

on the surface of pancreatic β-cells, by synthetic 

ligands, only stimulates insulin secretion when 

glucose concentrations are high, hence with a 

low risk for hypoglycemia. The insulin-secreting 

mechanism involved by the activation of these 
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receptors is scarcely known, but seems to differ 

from the pathway used by GLP-1 receptor 

agonists [24,25]. One of these FFAR activators, 

fasiglifam (TAK-875; Takeda Pharmaceuticals), 

induced a significant HbA1c decrease, but studies 

were interrupted due to its hepatotoxicity [26]. 

Studies using other similarly acting compounds 

are ongoing. 

Newer approaches also center on classical 

molecules such as metformin. Being placed by 

all T2DM guidelines on the first therapeutic step, 

metformin became the most used 

antihyperglycemic drug. Nevertheless, its 

mechanism of action is still insufficiently 

known, but supposedly involves multiple 

pathways. Metformin is mostly absorbed in the 

upper part of the small bowel. Its plasma levels 

poorly correlate to the antihyperglycemic effects, 

thus proving that metformin also has a pre-

systemic effect: as it concentrates in the L-cells 

of the small intestine, metformin stimulates the 

release of GLP-1 and peptide YY [4,27]. 

Delayed-release metformin (Metformin DR; 

Elcelyx) is a new slow-release metformin 

preparation, which is not absorbed in the upper 

part of the small bowel, hence exerting its action 

mainly locally, in the distal part of the small 

intestine, on the entero-endocrine L-cells. Trials 

results showed an increased efficacy in reducing 

HbA1c, although plasma levels of metformin 

were reduced [27]. These low plasma 

concentrations might allow using the new 

metformin preparation in patients with impaired 

renal function [4]. 

Besides thiazolidinediones, other 

compounds acting upon intra-cellular structures 

were identified in the last years. MSDC-0602 

acts on the same mitochondrial targets as 

thiazolidinediones, by modulating pyruvate entry 

into the mitochondria and regulating pyruvate 

oxidation [28,29]. MSDC-0602 proved to have 

the same efficacy on reducing HbA1c as 45 

mg/day pioglitazone, but with lesser hydro-

saline retention and weight gain [30]. 

Pyruvate dehydrogenase kinase inhibitors 

recently entered the attention of researchers in 

T2DM-targeted therapies. Pyruvate 

dehydrogenase catalyzes pyruvate oxidation into 

acetyl-coenzyme A and carbon dioxide. Four 

pyruvate dehydrogenase kinase isoenzymes 

exist, each having a tissue-specific distribution. 

Muscular isoenzyme inhibition increases 

pyruvate oxidation into the muscle and reduces 

liver delivery of lactate and alanine (both 

precursors of gluconeogenesis), while inhibition 

of the liver isoenzyme directly reduces 

gluconeogenesis. Both compounds are, for the 

moment, in the phase of pre-clinical studies 

[4,31]. 

Protein tyrosine phosphatase 1B inhibitors 

are also in a pre-clinical research phase. They 

motivate their utility by counterbalancing the 

reduced insulin receptor tyrosine 

phosphorylation found in patients with T2DM 

[32,33]. 

Fibroblast growth factor (FGF)-21 has a 

protein structure, is produced in the liver and 

determines an increased sensitivity to insulin. A 

FGF-21 analog, LY2405319 (Eli Lilly), was 

proven to reduce both glycemic levels and serum 

lipid fractions [34,35]. 

Chronic inflammation in the adipose tissue 

is another pathophysiological mechanism 

contributing to hyperglycemia in T2DM. Its 

causes include adipocyte hypoxia, but also 

intervention of free fatty acids and glucose 

metabolites, such as diacylglycerol, ceramides 

and reactive oxygen species [36,37]. Therefore, 

anti-inflammatory therapy was suggested to 

improve insulin sensitivity. Poor results of 

studies with such compounds might be explained 

by the multiple pathways leading to 

inflammation, the inhibition of a single 

mechanism being unable to induce clinically 

significant results [38]. 
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T2DM also features high circulating levels 

of glucagon and an increased liver sensitivity to 

glucagon. GLP-1 receptor agonists and DPP-4 

inhibitors are thought to inhibit endogenous 

glucagon secretion, hence reducing the glucose 

output from the liver. Somatostatin-induced 

reduction of glucagon levels was shown to 

decrease hepatic glucose production and to lower 

fasting glycemic levels [4]. These arguments led 

to research upon glucagon receptor antagonists, 

at present in the phase of animal models studies 

[39-41]. 

Other hopes in the field of innovative 

therapies for T2DM are linked to glucokinase 

activators and acetyl-coenzyme A carboxylase 

inhibitors. Glucokinase is the enzyme that 

activates phosphorylation of free glucose after it 

enters the cell. In β-cells, a specific glucokinase 

is the rate-limiting step for insulin secretion, 

while another glucokinase increases glycogen 

synthesis and decreases the glucose output in the 

liver. However, studies using glucokinase 

activators revealed only a small and fading out 

effect of these compounds [42-44]. Acetyl-

coenzyme A carboxylase catalyzes the 

carboxylation of malonyl-coenzyme A on the 

pathway towards free fatty acids synthesis, 

known to determine hepatic and muscular insulin 

resistance. Inhibition of acetyl-coenzyme A 

carboxylase determines an increased sensitivity 

to insulin, low concentrations of free fatty acids 

and glucose, and an improved lipid profile 

[45-47]. 

The list of future hopes for T2DM therapy 

also extended in the last years to other 

compounds with a potential antihyperglycemic 

effect: activation of protein deacetylase sirtuin 

(SIRT)-1 by SRT 3025, AMP-activated protein 

kinase (AMPK) activators, modulators of gut 

microbiota, ranolazine, glycogen phosphorylase 

inhibitors, glycogen synthase activators, etc. 

[4,48]. Nevertheless, next years will decide 

which of these potential drugs can and will 

successfully be used for treating diabetic 

patients. At this moment, even after all 

progresses of the last decades, we are still far 

from reaching the high dream of perfection in 

the field of T2DM therapies. 

REFERENCES 

1. Mihai BM, Lăcătușu CM, Grigorescu ED, 

Botnariu EG. Pathophysiology of type 2 diabetes: the 

long journey into present. Rom J Diabetes Nutr Metab Dis 

22: 225-230, 2015. 

2. Chilton R, Wyatt J, Nandish S, Oliveros R, 

Lujan M. Cardiovascular comorbidities of type 2 diabetes 

mellitus: defining the potential of glucagon-like peptide-1-

based therapies. Am J Med 124 [Suppl. 1]: S35-S53, 2011. 

3. Paul SK, Klein K, Maggs D, Best JH. The 

association of the treatment with glucagon-like peptide-1 

receptor agonist exenatide or insulin with cardiovascular 

outcomes in patients with type 2 diabetes: a retrospective 

observational study. Cardiovasc Diabetol 14: 10, 2015. 

4. DeFronzo RA, Triplitt CL, Abdul-Ghani M, 

Cersosimo E. Novel agents for the treatment of type 2 

diabetes. Diabetes Spectr 27: 100-112, 2014. 

5. St. Onge LE, Miller AS. Albiglutide: a new 

GLP-1 analog for the treatment of type 2 diabetes. Expert 

Opin Biol Ther 10: 801-806, 2010. 

6. Trujillo JM, Nuffer W. Albiglutide: a new GLP-

1 receptor agonist for the treatment of type 2 diabetes. Ann 

Pharmacother 48: 1494-1501, 2014. 

7. Wysham C, Blevins T, Arakaki R et al. Efficacy 

and safety of dulaglutide added onto pioglitazone and 

metformin versus exenatide in type 2 diabetes in a 

randomized controlled trial (AWARD-1). Diabetes Care 

37: 2159-2167, 2014. 

8. Thompson AM, Trujillo JM. Dulaglutide: the 

newest GLP-1 receptor agonist for the management of 

type 2 diabetes. Ann Pharmacother 49: 351-359, 2015. 

9. Tomlinson B, Hu M, Zhang Y, Chan P, Liu 

ZM. An overview of novel GLP-1 receptor agonists for 



 

 

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 22 / no. 4 / 2015 345 

type II diabetes. Expert Opin Investig Drugs 2015 [Epub 

ahead of print] DOI: 10.1517/13543784.2016.1123249. 

10. Nauck MA, Petrie JR, Sesti G et al. The once-

weekly human GLP-1 analogue semaglutide provides 

significant reductions in HbA1c and body weight in 

patients with type 2 diabetes. Diabetologia 55 [Suppl. 1]: 

S7, 2012. (abstract) 

11. Lau J, Bloch P, Schäffer L et al. Discovery of 

the once weekly glucagon like peptide 1 (GLP-1) analog 

semaglutide. J Med Chem 58: 7370-7380, 2015. 

12. *** Novo Nordisk to initiate phase 3a 

development of oral semaglutide, a once-daily oral GLP-1 

analogue. Accessed at: 

https://www.novonordisk.com/bin/getPDF.1947638.pdf 

13. Henry RR, Rosenstock J, Logan D, Alessi T, 

Luskey K, Baron MA. Continuous subcutaneous delivery 

of exenatide via ITCA 650 leads to sustained glycemic 

control and weight loss for 48 weeks in metformin-treated 

subjects with type 2 diabetes. J Diabetes Complications 

28: 393-398, 2014. 

14. Henry RR, Rosenstock J, Logan DK, Alessi 

TR, Luskey K, Baron MA. Randomized trial of 

continuous subcutaneous delivery of exenatide by ITCA 

650 versus twice-daily exenatide injections in metformin-

treated type 2 diabetes. Diabetes Care 36: 2559-2565, 

2013. 

15. Chen XW, He ZX, Zhou ZW et al. Clinical 

pharmacology of dipeptidyl peptidase 4 inhibitors 

indicated for the treatment of type 2 diabetes mellitus. Clin 

Exp Pharmacol Physiol 42: 999-1024, 2015. 

16. Sheu WH, Gantz I, Chen M et al. Safety and 

efficacy of Omarigliptin (MK-3102), a novel once-weekly 

DPP-4 inhibitor for the treatment of patients with type 2 

diabetes. Diabetes Care 38: 2106-2114, 2015. 

17. Biftu T, Sinha-Roy R, Chen P et al. 

Omarigliptin (MK-3102): a novel long-acting DPP-4 

inhibitor for once-weekly treatment of type 2 diabetes. J 

Med Chem 57: 3205-3212, 2014. 

18. Scheen AJ, Paquot N. Metabolic effects of 

SGLT-2 inhibitors beyond increased glucosuria: a review 

of the clinical evidence. Diabetes Metab 40 [Suppl. 1]: S4-

S11, 2014. 

19. Zinman B, Wanner C, Lachin JM et al. 

Empagliflozin, cardiovascular outcomes, and mortality in 

type 2 diabetes. N Engl J Med 373: 2117-2128, 2015. 

20. Mudaliar S, Polidori D, Zambrowicz B, Henry 

RR. Sodium-glucose cotransporter inhibitors: effects on 

renal and intestinal glucose transport: from bench to 

bedside. Diabetes Care 38: 2344-2353, 2015. 

21. Powell DR, Smith M, Greer J et al. LX4211 

increases serum glucagon-like peptide 1 and peptide YY 

levels by reducing sodium/glucose cotransporter 1 

(SGLT1)-mediated absorption of intestinal glucose. J 

Pharmacol Exp Ther 345: 250-259, 2013. 

22. Powell DR, DaCosta CM, Smith M et al. Effect 

of LX4211 on glucose homeostasis and body composition 

in preclinical models. J Pharmacol Exp Ther 350: 232-

242, 2014. 

23. Kanwal A, Banerjee SK. SGLT inhibitors: a 

novel target for diabetes. Pharm Pat Anal 2: 77-91, 2013. 

24. Nagasumi K, Esaki R, Iwachidow K et al. 

Overexpression of GPR40 in pancreatic beta-cells 

augments glucose-stimulated insulin secretion and 

improves glucose tolerance in normal and diabetic mice. 

Diabetes 58: 1067-1076, 2009. 

25. Ulven T, Christiansen E. Dietary fatty acids and 

their potential for controlling metabolic diseases through 

activation of FFA4/GPR120. Annu Rev Nutr 35: 239-263, 

2015. 

26. Watterson KR, Hudson BD, Ulven T, Milligan 

G. Treatment of type 2 diabetes by free fatty acid receptor 

agonists. Front Endocrinol 5: 137, 2014. 

27. DeFronzo RA, Buse JB, Kim T, Skare S, Baron 

A, Fineman M. Dissociation between metformin plasma 

exposure and its glucose-lowering effect: a novel gut-

mediated mechanism of action. Diabetes 62 [Suppl. 1]: A 

281, 2013. (abstract) 

28. Colca JR, Tanis SP, McDonald WG, Kletzien 

RF. Insulin sensitizers in 2013: new insights for the 

development of novel therapeutic agents to treat metabolic 

diseases. Expert Opin Investig Drugs 23: 1-7, 2014. 

29. Colca JR, McDonald WG, Kletzien RF. 

Mitochondrial target of thiazolidinediones. Diabetes Obes 

Metab 16: 1048-1054, 2014. 

30. Colca JR, VanderLugt JT, Adams WJ et al. 

Clinical proof-of-concept study with MSDC-0160, a 

prototype mTOT-modulating insulin sensitizer. Clin 

Pharmacol Ther 93: 352-359, 2013. 

31. Jeoung NH. Pyruvate dehydrogenase kinases: 

therapeutic targets for diabetes and cancers. Diabetes 

Metab J 39: 188-197, 2015. 

https://www.novonordisk.com/bin/getPDF.1947638.pdf


 

 

346 Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 22 / no. 4 / 2015 

32. Thareja S, Aggarwal S, Bhardwaj TR, Kumar 

M. Protein tyrosine phosphatase 1B inhibitors: a molecular 

level legitimate approach for the management of diabetes 

mellitus. Med Res Rev 32: 459-517, 2012. 

33. Nazaruk J, Borzym-Kluczyk M. The role of 

triterpenes in the management of diabetes mellitus and its 

complications. Phytochem Rev 14: 675-690, 2015. 

34. Gaich G, Chien J, Fu H, Kharitonenkov A, 

Moller D. Effects of an FGF21 analog in patients with 

type 2 diabetes. Diabetes 62 [Suppl. 1]: A28, 2013. 

(abstract) 

35. Zhang J, Li Y. Fibroblast Growth Factor 21 

analogs for treating metabolic disorders. Front Endocrinol 

6: 168, 2015. 

36. Ye J, Gao Z, Yin J, He Q. Hypoxia is a potential 

risk factor for chronic inflammation and adiponectin 

reduction in adipose tissue of ob/ob and dietary obese 

mice. Am J Physiol Endocrinol Metab 293: E1118-1128, 

2007. 

37. Mihai AD, Schröder M. Glucose starvation and 

hypoxia, but not the saturated fatty acid palmitic acid or 

cholesterol, activate the unfolded protein response in 3T3-

F442A and 3T3-L1 adipocytes. Adipocyte 4: 188-202, 

2015. 

38. DeFronzo RA. Insulin resistance, lipotoxicity, 

type 2 diabetes and atherosclerosis: the missing links: the 

Claude Bernard Lecture 2009. Diabetologia 53: 1270-

1287, 2010. 

39. Sorensen H, Brand CL, Neschen S et al. 

Immunoneutralization of endogenous glucagon reduces 

hepatic glucose output and improves long-term glycemic 

control in diabetic ob/ob mice. Diabetes 55: 2843-2848, 

2006. 

40. Wang MY, Yan H, Shi Z et al. Glucagon 

receptor antibody completely suppresses type 1 diabetes 

phenotype without insulin by disrupting a novel 

diabetogenic pathway. Proc Natl Acad Sci USA 112: 2503-

2508, 2015. 

41. Lotfy M, Kalasz H, Szalai G, Singh J, 

Adeghate E. Recent progress in the use of glucagon and 

glucagon receptor antagonists in the treatment of diabetes 

mellitus. Open Med Chem J 8: 28-35, 2014. 

42. Filipski KJ, Pfefferkorn JA. A patent review of 

glucokinase activators and disruptors of the glucokinase-

glucokinase regulatory protein interaction: 2011-2014. 

Expert Opin Ther Pat 24: 875-891, 2014. 

43. Hale C, Lloyd DJ, Pellacani A, Véniant MM. 

Molecular targeting of the GK-GKRP pathway in diabetes. 

Expert Opin Ther Targets 19: 129-139, 2015. 

44. Grewal AS, Sekhon BS, Lather V. Recent 

updates on glucokinase activators for the treatment of type 

2 diabetes mellitus. Mini Rev Med Chem 14: 585-602, 

2014. 

45. Harriman G, Greenwood J, Bhat S, Kapeller 

R, Harwood JH. Acetyl-CoA carboxylase inhibition by 

NDI-630 inhibits fatty acid synthesis stimulates fatty acid 

oxidation, reduces body weight, improvise insulin 

sensitivity, and modulates dyslipidemia in rats. Diabetes 

62 [Suppl. 1]: A161, 2013. (abstract) 

46. Glund S, Schoelch C, Thomas L et al. Inhibition 

of acetyl-CoA carboxylase 2 enhances skeletal muscle 

fatty acid oxidation and improves whole-body glucose 

homeostasis in db/db mice. Diabetologia 55: 2044-2053, 

2012. 

47. Griffith DA, Kung DW, Esler WP et al. 

Decreasing the rate of metabolic ketone reduction in the 

discovery of a clinical acetyl-CoA carboxylase inhibitor 

for the treatment of diabetes. J Med Chem 57: 10512-

10526, 2014. 

48. Rochester CD, Akiyode O. Novel and emerging 

diabetes mellitus drug therapies for the type 2 diabetes 

patient. World J Diabetes 5: 305-315, 2014. 

 


