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ABSTRACT: Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are medications mainly used
for decreasing elevated blood glucose levels by offering unique mechanism of action by
blocking glucose reabsorption into the bloodstream, leading to increased urinary excretion of
glucose and effectively decreasing blood sugar levels. On other side thiazolidinediones are a
class of oral anti-diabetic drugs improve insulin sensitivity by binding peroxisome proliferator-
activated receptor-gamma receptor (PPAR-y) in fat cells (adipocytes) and lowering circulating
fat concentrations and thus enhance sensitivity to insulin and lowering the blood glucose level.
So, combination of lobeglitazone and dapaglifiozin are effective strategy for managing type 2
diabetes mellitus (T2DM). Lobeglitazone is a thiazolidinedione that improves insulin
sensitivity, while dapagliflozin is an SGLT?2 inhibitor that helps reduce blood glucose levels by
promoting glucose excretion through urine. Clinical Studies have shown that this combination
can lead to significant improvements in glycemic control, including reductions in HbAIc levels,
body weight, and blood pressure. Additionally, the combination therapy has been found to
decrease postprandial hyperglycemia more effectively than dapagliflozin alone.

KEYWORDS: Thiazolidinediones, sodium-glucose co-transporter 2 (SGLT2) inhibitors,
Dapagliflozin, Lobeglitazone Sulphate, Hyperglycemia.

INTRODUCTION:
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors:

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are a class of medications used to lower
high blood glucose levels in people with type 2 diabetes. SGLT-2 inhibitors offer a unique
mechanism of action compared to other diabetes medications. SGLT-2 inhibitors work in the

kidneys by blocking glucose reabsorption. They prevent glucose from being reabsorbed back
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into the bloodstream, leading to increased urinary excretion of glucose. By blocking this
reabsorption, SGLT-2 inhibitors increase glucose excretion in the urine, effectively lowering
blood sugar levels. They also have the added benefits of promoting weight loss and reducing

blood pressure due to increased urinary glucose excretion and calorie loss..HH2I3]

Other classes of diabetes medications, such as sulfonylureas (e.g., glipizide, gliclazide) and
dipeptidyl peptidase-4 (DPP-4) inhibitors (e.g., sitagliptin, saxagliptin), primarily act on
pancreatic beta cells or inhibit enzymes involved in glucose metabolism. SGLT-2 inhibitors
lower blood sugar levels by reducing renal glucose reabsorption. They are effective in lowering
both fasting and post-meal glucose level. Other medications, like metformin (a biguanide), also
reduce blood glucose levels but through different mechanisms (e.g., decreasing liver glucose

production).16I7]

SGLT-2 inhibitors also have a modest blood pressure-lowering effect. SGLT-2 inhibitors have
a low risk of hypoglycemia because they do not stimulate insulin release, whereas
sulfonylureas can cause hypoglycemia. It also shows cardiovascular benefits, including
reduced risk of heart failure and cardiovascular events. SGLT2 inhibitors improve
cardiovascular and renal outcomes, including heart failure hospitalization, in large
cardiovascular outcome trials involving patients with diabetes.[® This effect also extends to
people without diabetes who have heart failure with lower ejection fraction. Since the potential
benefits are not anticipated to be associated with better glycaemic management, they are being
further examined. Improved vascular function, a drop in blood pressure, early natriuresis with
a decrease in plasma volume, an increase in haematocrit as a result, and modifications in tissue

sodium handling are all likely to be involved.®!?]

Although SGLT2 inhibition favors an improvement in HbA ¢, the extent of this improvement
is not enough to explain the significant clinical benefits observed in cardio-renal health. In
those without diabetes, hyperglycemia would also not be a primary pathophysiological
problem. The switch to lipid metabolism may have an energy benefit since it reduces
lipotoxicity and increases ketone generation. SGLT?2 inhibition's diuretic and natriuretic effects
are essential to the cardiovascular benefit. It appears that the improvements in blood pressure,
salt balance, and volume status that have been reported have an impact on both cardiovascular
and renal health. Additionally linked have been oxidative stress, inflammation, and a decrease

in albuminuria.['114]
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SGLT?2 inhibitors are administered in oral formulations. The indications determine the different
doses. Dapagliflozin should not be administered until renal function has been evaluated. Before
commencing therapy, patients who are experiencing volume depletion should have this
rectified. SGLT2 inhibitors should be avoided prior to surgery, extended fasting, or serious
medical conditions (when patients are at increased risk of developing ketoacidosis).
Canagliflozin is available in 100 mg and 300 mg tablets. Canagliflozin is administered before

the first meal of the day.!'>! Dapagliflozin is available in 5 mg and 10 mg tablets.!¢]

SGLT2 inhibitors are also available as FDC: canagliflozin and metformin, canagliflozin and
metformin extended-release, dapagliflozin, and metformin extended-release, dapagliflozin and
saxagliptin, empagliflozin and linagliptin, empagliflozin and metformin, empagliflozin and

metformin ER, ertugliflozin and metformin, ertugliflozin and sitagliptin.[!7118]

Fig 1: Structure Of Dapagliflozin(Sodium-glucose cotransporter-2 (SGLT-2) inhibitors)
Thiazolidinediones:

Thiazolidinediones, also known as glitazones, are a class of oral anti-diabetic drugs primarily
used to treat type 2 diabetes. Thiazolidinediones improve insulin sensitivity by binding to a
receptor called the peroxisome proliferator-activated receptor-gamma (PPAR-y) in fat cells
(adipocytes).This binding promotes the maturation of fat cells and deposition of fat into
peripheral tissues. By reducing circulating fat concentrations, thiazolidinediones enhance a
person’s sensitivity to insulin. Thiazolidinediones are used either as monotherapy or in
combination with other oral agents (such as metformin or sulfonylureas) for type 2 diabetes

management. They help lower blood glucose levels by improving insulin action. [!*-28!

Insulin availability is the primary target of therapeutic medications, including sulfonylureas,

meglitinides, and insulin®*=2). Insulin production is increased and hyperglucagonemia is
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decreased by dipeptidyl dipeptidase 4 (DDP-4) inhibitors and glucagon-like peptide 1 (GLP-

a[33:3435] GLP-1 receptor agonists have a slight

1) receptor agonists, which lower hyperglycemi
effect on systolic blood pressure and body weight reduction.[** 3 With the added benefit of
reducing glucose toxicity, the sodium-glucose transport 2 (SGLT-2) inhibitors lower blood
sugar via increasing renal excretion of glucose!*®!. They increase the synthesis of glucose in the
liver, the release of glucagon, ketogenesis, and lipid oxidation, it promotes mild weight loss,

blood pressure reduction, and mild improvement in insulin resistance are important side effects

of their treatment (3!,

Therapeutic agents such as insulin, sulfonylureas, and meglitinides target primarily insulin
availability 3. Glucagon-like peptide 1 (GLP-1) receptor agonists and dipeptidyl dipeptidase
4 (DDP-4) inhibitors increase insulin secretion and decrease hyperglucagonemia, thereby
lowering hyperglycemia 333351 GLP-1 receptor agonists have modest effects in decreasing
body weight and lowering systolic blood pressure. The sodium-glucose transport 2 (SGLT-2)
inhibitors lower blood glucose through an increase in renal excretion of glucose with a
secondary benefit of decreasing glucose toxicity*®. They increase hepatic glucose production,
glucagon secretion, ketogenesis, and lipid oxidation®®). A significant side effect of their
treatment is a modest weight loss, a decrease in blood pressure, and a modest reduction in
insulin resistance %1, Weight loss itself decreases hepatic triglycerides, peripheral and visceral
adipose tissue mass, and plasma triglycerides. GLP-1 receptor agonists and SGLT-2 inhibitors
secondarily decrease insulin resistance in patients in proportion to their effect in promoting
weight loss. Thiazolidinediones (TZDs) decrease insulin resistance directly through activation
of PPARY receptors which facilitate differentiation of mesenchymal stem cells into adipocytes,
promote lipogenesis in peripheral adipocytes, decrease hepatic and peripheral triglycerides,

decrease activity of visceral adipocytes, and increase adiponectin,37138]

These primary effects of TZDs markedly ameliorate insulin resistance and the metabolic
syndrome and decrease insulin requirements. P¢I37I38) GLP-1 receptor agonists and SGLT-2
inhibitors secondarily decrease insulin resistance in patients in proportion to their effect in
promoting weight loss. Through the activation of PPARY receptors, thiazolidinediones (TZDs)
directly reduce insulin resistance by promoting lipogenesis in peripheral adipocytes,
facilitating the differentiation of mesenchymal stem cells into adipocytes, lowering peripheral
37]138]

and hepatic triglycerides, decreasing visceral adipocyte activity, and raising adiponectin.!

The metabolic syndrome, insulin resistance, and the need for insulin are all significantly
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[37][38

improved by these main actions of TZDs.[8I37138] Metformin has little to no main effect on

peripheral insulin resistance, however it does reduce hepatic insulin resistance.

Chong Kun Dang Pharmaceutical first developed lobeglitazone in Korea to treat diabetes.
Lobeglitazone, the drug that Chong Kun Dang Pharmaceutical sells under the Duvie® brand,
was approved by the Ministry of Food and Drug Safety (Korea) on July 4, 2013. Oral tablets
containing 0.5 mg of free lobeglitazone are available as Duvie. One daily dose of 0.5 mg is the
recommended dosage [8]. Since insulin resistance is common in Indians, Glenmark
Pharmaceuticals Limited was the first to introduce lobeglitazone for the treatment of type 2
diabetes in the country. Lobeglitazone (0.5 mg) is the active ingredient in the medication, which
is sold under the trade name LOBG. Patients are instructed to take the medication orally once

day.

Lobeglitazone is a pharmacophore having 2,4-thiazolidin edione group with an ethoxy-benzyl
N-methylamino group linked to it as a connecting link. Its structural formula is C24H24N405S
and chemical name is 5-[4-(2-{[6-(4-methoxy-phenoxy)-pyrimidin-4-yl]-methyl-amino}-
ethoxy)benzyl]-thiazolidine-2,4-dione hydrosulphuric acid.

NH

o
Fig 2: Structure Of Lobeglitazone

The development of lobeglitazone began with the addition of a p-methoxyphenoxy group to
the pyrimidine moiety's 4-position in the rosiglitazone structure.*”! This enhances
lobeglitazone's binding affinity for PPARYy; according to docking research, lobeglitazone's
binding affinity is 12 times greater than rosiglitazone and pioglitazone.[*!*?! Extended
interaction with the hydrophobic pocket is made possible by the p-methoxyphenoxy group.
This could also have an impact on the cyclin-dependent kinase 5-mediated phosphorylation of
PPARY at Ser245, which modifies the expression of genes linked to insulin sensitivity, such as

adiponectin and adipsin, without affecting the general transcriptional activity of PPARy.*]
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The class of oral antidiabetic drugs known as TZDs, which includes well-known members like
pioglitazone, rosiglitazone, and lobeglitazone, has drawn interest due to its possible application

4441 Current studies have explored the unique ways in which

in the treatment of ketoacidosis !
these medications can be effective in cases of ketoacidosis. For instance, pioglitazone's
potential to improve insulin sensitivity and reduce insulin resistance has been studied ). This
could lead to better glucose utilization. The activation of PPAR-y, a crucial transcription factor
in the metabolism of fats and carbohydrates, mediates this impact. Research indicates that
pioglitazone may be used as an adjuvant therapy to treat diabetic ketoacidosis by targeting
underlying insulin resistance [4”*81. According to studies, rosiglitazone may improve glucose
utilization and insulin sensitivity, which could lessen insulin resistance—a major contributing
factor to the development of DKA. Rosiglitazone's effects go beyond glycemic control by

m [4748

influencing the expression of genes involved in glucose and lipid metabolis 1'To precisely

define the role of rosiglitazone in the context of ketoacidosis, additional clinical research is

necessary. 48]

PARALLEL EFFECT OF LOBEGLITAZONE AND DAPAGLIFLOZIN:

Combining lobeglitazone and dapagliflozin can be an effective strategy for managing type 2
diabetes mellitus (T2DM). Lobeglitazone is a thiazolidinedione that improves insulin
sensitivity, while dapagliflozin is an SGLT2 inhibitor that helps reduce blood glucose levels by

promoting glucose excretion through urine.

Although thiazolidinedione, an insulin sensitizer, improves glucose metabolism, weight gain
and heart failure are possible side effects. SGLT2 inhibitors have the ability to lower body
weight, promote diuresis, and mitigate the effects of heart failure. Synergistic effects of
thiazolidinedione (lobeglitazone) and SGLT?2 inhibitor (dapagliflozin) in obese mice fed a
high-fat diet (HFD)was studied in clinical trial. For 12 weeks, they administered vehicle,
dapagliflozin, lobeglitazone, and their combination to obese mice induced by high-fat diet.
After a 12-week course of treatment, tests for insulin and glucose tolerance were conducted,
and dual-energy X-ray absorptiometry was used to assess body composition both before and
after the course of treatment. When compared to dapagliflozin alone, but not lobeglitazone
monotherapy, treatment with a combination of dapagliflozin and lobeglitazone led to a
significant decrease in postprandial hyperglycemia. In this trial, the weight gain associated with
lobeglitazone monotherapy was not mitigated by adding dapagliflozin to the medication.

Nevertheless, this combination stopped the growth of the liver and heart organ weight, and
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OCR in 3T3-L1 cells increased following B-hydroxybutyrate and lobeglitazone combination
treatment as opposed to lobeglitazone monotherapy. In HFD-induced obese mice, they found
no favorable effect of dapagliflozin on body weight, but we did confirm the good effect of
lobeglitazone on glucose metabolism. Nonetheless, the benefits of lobeglitazone and
dapagliflozin combined therapy on the heart, liver, energy expenditure, and B-cell senescence

are worth investigating in clinical trials.>”!

Studies have shown that this combination can lead to significant improvements in glycemic
control, including reductions in HbAIc levels, body weight, and blood pressure. Additionally,
the combination therapy has been found to decrease postprandial hyperglycemia more

effectively than dapagliflozin alone.[*)15]

The combination of lobeglitazone and dapagliflozin offers some unique benefits compared to

other diabetes medications. Here’s a comparison with a few common classes of diabetes drugs:

1. Metformin: Often the first-line treatment for T2DM, metformin primarily reduces
hepatic glucose production and improves insulin sensitivity. While effective, it doesn’t
provide the additional benefits of weight loss and blood pressure reduction seen with

the lobeglitazone-dapagliflozin combination.

2. Sulfonylureas (e.g., glipizide, glyburide): These stimulate insulin secretion from the
pancreas. They can be effective in lowering blood glucose but often lead to weight gain
and have a higher risk of hypoglycemia compared to the lobeglitazone-dapagliflozin

combination.

3. GLP-1 receptor agonists (e.g., liraglutide, exenatide): These enhance insulin
secretion, suppress glucagon release, and slow gastric emptying. They are effective in
reducing HbA1c and promoting weight loss, similar to the lobeglitazone-dapagliflozin
combination. However, they are usually administered via injection, which might be less

convenient than oral medications.

4. DPP-4 inhibitors (e.g., sitagliptin, saxagliptin): These increase incretin levels, which
help to regulate insulin and glucagon secretion. They are generally well-tolerated but
may not be as effective in reducing HbAlc or promoting weight loss as the

lobeglitazone-dapagliflozin combination.
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5. Insulin: Essential for patients with advanced T2DM or those who cannot achieve
glycemic control with oral medications. While highly effective in lowering blood

glucose, insulin therapy can lead to weight gain and has a higher risk of hypoglycemia.

Overall, the lobeglitazone-dapagliflozin combination is particularly beneficial for patients
looking to improve glycemic control while also achieving weight loss and blood pressure

reduction. It also has a lower risk of hypoglycemia compared to some other medications.!-3

LONG TERM EFFECT OF LOBEGLITAZONE-DAPAGLIFLOZIN COMBINATION:

The long-term effects of the lobeglitazone-dapagliflozin combination in managing type 2
diabetes mellitus (T2DM) can be significant. The combination helps maintain better blood
glucose levels over time. By improving insulin sensitivity (lobeglitazone) and promoting
glucose excretion (dapagliflozin), it contributes to long-term glycemic control. Both
lobeglitazone and dapagliflozin have weight-reducing effects. Over the long term, this can lead
to sustained weight loss, which is beneficial for overall health and diabetes management.
Dapagliflozin has been associated with blood pressure reduction. When combined with
lobeglitazone, it can help manage hypertension, which is common in T2DM patients. Some
studies suggest that SGLT?2 inhibitors (like dapagliflozin) may reduce the risk of cardiovascular
events, including heart attacks and strokes. This benefit extends to the combination therapy.
SGLT2 inhibitors have shown renal protective effects. They can slow the progression of
diabetic kidney disease, which is crucial for long-term health. Thiazolidinediones (like
lobeglitazone) may affect bone density. Regular monitoring and appropriate supplementation
are essential to mitigate any potential risks. While generally well-tolerated, any medication has
potential side effects. Regular follow-ups with a healthcare provider are crucial to monitor for

adverse effects.[>>1136157]

SIDE EFFECT OF LOBEGLITAZONE AND DAPAGLIFLOZIN:

Thiazolidinediones can lead to weight gain due to fluid retention and increased fat storage. It
can lead to fluid buildup in the legs and ankles. Thiazolidinediones may increase the risk of

heart failure, especially in patients with pre-existing heart conditions.?!

SGLT2 Inhibitor can lead to genital yeast infections (in both men and women) and Urinary
Tract Infections. Dapagliflozin promotes glucose excretion through urine, which can lead to

dehydration. Hypotension (Low Blood Pressure): Especially when starting the medication.
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Ketoacidosis is rare but serious; seek medical attention if you experience symptoms like

nausea, vomiting, abdominal pain, or fruity breath odor.[>16%]

When considering the lobeglitazone-dapagliflozin combination, it’s essential to be aware of
potential interactions with other medications or supplements. Combining the combination with
other oral hypoglycemic agents (e.g., sulfonylureas, meglitinides) may increase the risk of
hypoglycemia. Regular blood glucose monitoring is crucial. Insulin therapy alongside this
combination requires careful adjustment to prevent low blood sugar levels. Dapagliflozin is a
diuretic, and combining it with other diuretics (e.g., furosemide, hydrochlorothiazide) may
enhance diuresis and increase the risk of dehydration. Dapagliflozin can lower blood pressure.
Combining it with other antihypertensive drugs (e.g., ACE inhibitors, beta-blockers) may lead
to excessive blood pressure reduction. NSAIDs (e.g., ibuprofen, naproxen) can affect kidney
function. Combining them with dapagliflozin may increase the risk of kidney problems.
Lobeglitazone is metabolized by CYP2CS8 enzymes. Drugs that inhibit or induce CYP2C8 may
affect its levels like emfibrozil, clopidogrel. Inducers: Rifampin, phenytoin. Some herbal
supplements (e.g., ginseng, cinnamon) may impact blood glucose levels. Discuss their use with

your healthcare provider. Alcohol consumption can also affect blood sugar contro].[®%61]

REFFERENCES:

1. Klen J, Dolzan V. SGLT2 inhibitors in the treatment of diabetic kidney disease: more
than just glucose regulation. Pharmaceutics. 2023 Jul 20;15(7):1995.

2. Sodium-glucose Cotransporter-2 (SGLT?2) Inhibitors | FDA

3. Padda IS, Mahtani AU, Parmar M. Sodium-glucose transport protein 2 (SGLT2)

inhibitors.

4. Khakhar Z, Manji S, Patel RK, Ali SK. Sodium-Glucose Transport Protein 2 (SGLT2)
inhibitors and the risk of pancreatitis: A case report. Cureus. 2024 Jun;16(6).

5. Simes BC, MacGregor GG. Sodium-glucose cotransporter-2 (SGLT2) inhibitors: a
clinician’s guide. Diabetes, metabolic syndrome and obesity: targets and therapy. 2019
Oct 14:2125-36.

6. Cavallari I, Maddaloni E. Cardiovascular effects of SGLT-2 inhibitors: what we have
learned from cardiovascular outcome trials and what we still need to understand.
Diabetes/Metabolism Research and Reviews. 2019 May;35(4):e3124.

7. Lupsa BC, Inzucchi SE. Use of SGLT2 inhibitors in type 2 diabetes: weighing the risks
and benefits. Diabetologia. 2018 Oct;61(10):2118-25.

VOLUME 8 ISSUE 9 2024 PAGE NO: 452


https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/sodium-glucose-cotransporter-2-sglt2-inhibitors

JOURNAL OF DYNAMICS AND CONTROL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

VOLUME 8 ISSUE 9 2024

Sridhar VS, Rahman HU, Cherney DZ. What have we learned about renal protection
from the cardiovascular outcome trials and observational analyses with SGLT2
inhibitors?. Diabetes, Obesity and Metabolism. 2020 Apr;22:55-68.

Zwart K, Velthuis S, Polyukhovych YV, Mosterd A, Smidt L, Serné¢ EH, van Raalte DH,
Elders PJ, Handoko ML, Oldenburg-Ligtenberg PC. Sodium-glucose cotransporter 2
inhibitors: a practical guide for the Dutch cardiologist based on real-world experience.
Netherlands Heart Journal. 2021 Oct;29(10):490-9.

Cowie MR, Fisher M. SGLT?2 inhibitors: mechanisms of cardiovascular benefit beyond
glycaemic control. Nature Reviews Cardiology. 2020 Dec;17(12):761-72.

DeSantis A, Nathan DM, Mulder JE. Sodium-glucose co-transporter 2 inhibitors for the
treatment of hyperglycemia in type 2 diabetes mellitus. Accessed November. 2021;2.
Madaan T, Akhtar M, Najmi AK. Sodium glucose CoTransporter 2 (SGLT2) inhibitors:
Current status and future perspective. European Journal of Pharmaceutical Sciences.
2016 Oct 10;93:244-52.

Fonseca-Correa JI, Correa-Rotter R. Sodium-glucose cotransporter 2 inhibitors
mechanisms of action: a review. Frontiers in Medicine. 2021 Dec 20;8:777861.

Guo W, Zhao L, Huang W, Chen J, Zhong T, Yan S, Hu W, Zeng F, Peng C, Yan H.
Sodium-glucose cotransporter 2 inhibitors, inflammation, and heart failure: a two-
sample Mendelian randomization study. Cardiovascular Diabetology. 2024 Apr
2;23(1):118.

Deeks ED, Scheen AJ. Canagliflozin: A Review in Type 2 Diabetes. Drugs. 2017
Sep;77(14):1577-1592.

Dhillon S. Dapagliflozin: A Review in Type 2 Diabetes. Drugs. 2019 Jul;79(10):1135-
1146.

Marrs JC, Anderson SL. Ertugliflozin in the treatment of type 2 diabetes mellitus. Drugs
Context. 2020;9

Jakher H, Chang TI, Tan M, Mahaffey KW. Canagliflozin review - safety and efficacy
profile in patients with T2DM. Diabetes Metab Syndr Obes. 2019;12:209-215.
Lebovitz HE. Thiazolidinediones: the forgotten diabetes medications. Current diabetes
reports. 2019 Dec;19(12):151.

Yki-Jarvinen H. Thiazolidinediones. New England Journal of Medicine. 2004 Sep
9;351(11):1106-18.

Hauner H. The mode of action of thiazolidinediones. Diabetes/metabolism research and

reviews. 2002 Mar;18(S2):S10-5.

ISSN: 1672-6553

PAGE NO: 453



JOURNAL OF DYNAMICS AND CONTROL ISSN: 1672-6553

22. Henry RR. Thiazolidinediones. Endocrinology and metabolism clinics of North
America. 1997 Sep 1;26(3):553-73.

23. Lebovitz HE. Thiazolidinediones: the forgotten diabetes medications. Current diabetes
reports. 2019 Dec;19(12):151.

24.Kahn CR, Chen L, Cohen SE. Unraveling the mechanism of action of
thiazolidinediones. The Journal of clinical investigation. 2000 Dec 1;106(11):1305-7.

25. Day C. Thiazolidinediones: a new class of antidiabetic drugs. Diabetic Medicine. 1999
Mar;16(3):179-92.

26. Diamant M, Heine RJ. Thiazolidinediones in type 2 diabetes mellitus: current clinical
evidence. Drugs. 2003 Jul;63:1373-406.

27. Schoonjans K, Auwerx J. Thiazolidinediones: an update. The Lancet. 2000 Mar
18;355(9208):1008-10.

28. Nanjan MJ, Mohammed M, Kumar BP, Chandrasekar MJ. Thiazolidinediones as
antidiabetic agents: A critical review. Bioorganic chemistry. 2018 Apr 1;77:548-67.

29. Khatik GL, Datusalia AK, Ahsan W, Kaur P, Vyas M, Mittal A, Nayak SK. A retrospect
study on thiazole derivatives as the potential antidiabetic agents in drug discovery and
developments. Current drug discovery technologies. 2018 Sep 1;15(3):163-77.

30. Sood V, Colleran K, Burge MR. Thiazolidinediones: a comparative review of approved
uses. Diabetes technology & therapeutics. 2000 Oct 1;2(3):429-40.

31. Soccio RE, Chen ER, Lazar MA. Thiazolidinediones and the promise of insulin
sensitization in type 2 diabetes. Cell metabolism. 2014 Oct 7;20(4):573-91.

32. Origin Trial Investigators. Basal insulin and cardiovascular and other outcomes in
dysglycemia. N Engl J Med. 2012;367:319-28.

33. Nauck MA, Meier JJ, Cavender MA, El Aziz MA, Drucker DJ. Cardiovascular actions
and clinical outcomes with glucagon-like peptide-1 receptor agonists and dipeptidyl
peptidase-4 inhibitors. Circulation. 2017;136:849—70.

34. Htike ZZ, Zaccardi E, Papamargaritis D, Webb DR, Khunti K, Davies MJ. Efficacy and
safety of glucagon-like peptide-1 receptor agonist in type 2 diabetes: a systematic
review and mixed-treatment comparison analysis. Diabetes Obes Metab. 2017;19:524—
36.

35. ChenX-W HZ-X, Zhou Z-W, et al. Clinical pharmacology of dipeptidyl peptidase 4
inhibitors indicated for treatment of type 2 diabetes mellitus. Clin Exp Pharmacol

Physiol. 2015;42:999-1024.

VOLUME 8 ISSUE 9 2024 PAGE NO: 454



JOURNAL OF DYNAMICS AND CONTROL ISSN: 1672-6553

36. Merovci A, Solis-Herrera C, Daniele G, Eldor R, Florentino TV, Tripathy D, et al.
Dapagliflozin improves muscle insulin sensitivity but enhances endogenous glucose
production. J Clin Invest. 2014;124:509-14.

37. Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers JC, Taylor R. Reversal
of type 2 diabetes: normalization of beta cell function in association with decreased
pancreas and liver triacylglycerol. Diabetologia. 2011;54:2506—14.

38. Lebovitz HE, Banerji MA. Insulin resistance and its treatment by thiazolidinediones.
Recent Prog Horm Res. 2001;56:265-94.

39. Kusunoki M, Wakazono N, Tsutsumi K, Oshida Y, Miyata T. Combination therapy of
alpha-glucosidase inhibitor, thiazolidinedione and sodium glucose Co-Transporter-2
inhibitor in Japanese type 2 diabetes patients. Journal of Endocrinology and
Metabolism. 2020 Dec 22;10(6):167-72.

40. Joshi SR, Das S, Xaviar S, Samajdar SS, Saha I, Sarkar S, Mukherjee S, Tripathi SK,
Pal J, Chatterjee N. Efficacy and safety of lobeglitazone, a new Thiazolidinedione, as
compared to the standard of care in type 2 diabetes mellitus: A systematic review and
meta-analysis. Diabetes & Metabolic Syndrome: Clinical Research & Reviews. 2023
Jan 1;17(1):102703.

41. Bae J, Park T, Kim H, Lee M, Cha BS. Lobeglitazone: a novel thiazolidinedione for the
management of type 2 diabetes mellitus. Diabetes & metabolism journal. 2021 Apr
19;45(3):326-36.

42.Lee MA, Tan L, Yang H, Im YG, Im YJ. Structures of PPARy complexed with
lobeglitazone and pioglitazone reveal key de terminants for the recognition of
antidiabetic drugs. Sci Rep 2017;7:16837.

43. Jang JY, Bae H, Lee YJ, Choi YI, Kim HJ, Park SB, et al. Struc tural basis for the
enhanced anti-diabetic efficacy of lobegli tazone on PPARY. Sci Rep 2018;8:31.

44. Balamurugan Jr M, Sarumathy Sr S, Robinson Jr R, Balamurugan M, Robinson R.
Lobeglitazone and Its Therapeutic Benefits: A Review. Cureus. 2023 Dec 6;15(12).

45. Jin SM, Park CY, Cho YM, Ku BJ, Ahn CW, Cha BS, Min KW, Sung YA, Baik SH,
Lee KW, Yoon KH. Lobeglitazone and pioglitazone as add-ons to metformin for
patients with type 2 diabetes: a 24-week, multicentre, randomized, double-blind,
parallel-group, active-controlled, phase III clinical trial with a 28-week extension.
Diabetes, Obesity and Metabolism. 2015 Jun;17(6):599-602.

46. Abdul-Ghani M, Migahid O, Megahed A, Singh R, Fawaz M, DeFronzo RA, Jayyousi

A. Pioglitazone prevents the increase in plasma ketone concentration associated with

VOLUME 8 ISSUE 9 2024 PAGE NO: 455



JOURNAL OF DYNAMICS AND CONTROL ISSN: 1672-6553

dapagliflozin in insulin-treated T2DM patients: Results from the Qatar Study. Diabetes,
Obesity and Metabolism. 2019 Mar;21(3):705-9.

47. Frkic RL, Richter K, Bruning JB. The therapeutic potential of inhibiting PPARYy
phosphorylation to treat type 2 diabetes. Journal of Biological Chemistry. 2021 Sep
1;297(3).

48. Wagstaft AJ, Goa KL. Rosiglitazone: a review of its use in the management of type 2
diabetes mellitus. Drugs. 2002 Aug;62:1805-37.

49. Vasudevan AR, Balasubramanyam A. Thiazolidinediones: a review of their
mechanisms of insulin sensitization, therapeutic potential, clinical efficacy, and
tolerability. Diabetes technology & therapeutics. 2004 Dec 1;6(6):850-63.

50. Kim SG, Kim KJ, Yoon KH, Chun SW, Park KS, Choi KM, Lim S, Mok JO, Lee HW,
Seo JA, Cha BS. Efficacy and safety of lobeglitazone versus sitagliptin as an add-on to
metformin in patients with type 2 diabetes with two or more components of metabolic
syndrome over 24 weeks. Diabetes, Obesity and Metabolism. 2020 Oct;22(10):1869-
73.

51. Sen AK, Sarkar T, Sen DB, Maheshwari RA, Zanwar AS, Dumpala RL. Quantitative
determination of lobeglitazone sulfate and glimepiride in combined tablet by robust
high-performance thin layer chromatographic method. Separation Science
Plus.:2400059.

52. Gangopadhyay KK, Singh AK. Will lobeglitazone rival pioglitazone? A systematic
review and critical appraisal. Diabetes & Metabolic Syndrome: Clinical Research &
Reviews. 2023 Apr 1;17(4):102747.

53. Kim B, Shin HS, Kim JR, Lim KS, Yoon SH, Yu KS, Shin SG, Jang 1J, Cho JY.
Quantitative and qualitative analysis of CKD-501, lobeglitazone, in human plasma and
urine using LC-MS/MS and its application to a pharmacokinetic study.
Chromatographia. 2012 Jun;75:671-7.

54. Bae J, Park T, Kim H, Lee M, Cha BS. Lobeglitazone: a novel thiazolidinedione for the
management of type 2 diabetes mellitus. Diabetes & metabolism journal. 2021 Apr
19;45(3):326-36.

55. Dutta D, Bhattacharya S, Kumar M, Datta PK, Mohindra R, Sharma M. Efficacy and
safety of novel thiazolidinedione lobeglitazone for managing type-2 diabetes a meta-
analysis. Diabetes & Metabolic Syndrome: Clinical Research & Reviews. 2023 Jan
1;17(1):102697.

VOLUME 8 ISSUE 9 2024 PAGE NO: 456



JOURNAL OF DYNAMICS AND CONTROL ISSN: 1672-6553

56. Joshi SR, Das S, Xaviar S, Samajdar SS, Saha I, Sarkar S, Mukherjee S, Tripathi SK,
Pal J, Chatterjee N. Efficacy and safety of lobeglitazone, a new Thiazolidinedione, as
compared to the standard of care in type 2 diabetes mellitus: A systematic review and
meta-analysis. Diabetes & Metabolic Syndrome: Clinical Research & Reviews. 2023
Jan 1;17(1):102703.

57. Lee YK, Oh TJ, Lee JI, Choi BY, Cho HC, Jang HC, Choi SH. Complementary effects
of dapagliflozin and lobeglitazone on metabolism in a diet-induced obese mouse model.
European Journal of Pharmacology. 2023 Oct 15;957:175946.

58. Seo DH, Suh YJ, Cho Y, Ahn SH, Seo S, Hong S, Lee YH, Choi YJ, Lee E, Kim SH.
Effect of Dapagliflozin in Combination with Lobeglitazone and Metformin in korean
patients with type 2 diabetes in real-world clinical practice. Yonsei medical journal.
2022 Sep;63(9):825.

59. Kim H, Kim CO, Park H, Park MS, Kim D, Hong T, Shin Y, Jin BH. Evaluation of
pharmacokinetic interactions between lobeglitazone, empagliflozin, and metformin in
healthy subjects. Translational and clinical pharmacology. 2023 Mar;31(1):59.

60. Jang K, Jeon JY, Moon SJ, Kim MG. Evaluation of the pharmacokinetic interaction
between lobeglitazone and dapagliflozin at steady state. Clinical Therapeutics. 2020
Feb 1;42(2):295-304.

61. Choe HJ, Oh HR, Bu D, An N, Scherer PE, An Z, Lim S. Evaluation of the efficacy of
a combination of dapagliflozin and lobeglitazone on glucose concentrations and body
fat in patients with type 2 diabetes: Location-F study. Diabetes, Obesity and
Metabolism. 2024 Mar;26(3):1114-

VOLUME 8 ISSUE 9 2024 PAGE NO: 457



