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 ABSTRACT:  

Hyperglycemia, characterized by elevated glucose 

levels in blood, is a major metabolic disorder 

which on longterm contributes to several 

complications like hyperlipidemia and subsequent 

cardiovascular events, kidney damage and 

microvascular complications.  Novel 3,5- 

disubstituted thiazolidinediones were synthesized 

by the reaction of thiazolidinediones with 

biphenylcarbox aldehyde by Knoevenagel 

condensation reactions and the obtained products 

upon treatment with alkyl /aryl halides gave the 

synthesized products. The synthesized compounds 

were characterized by IR, NMR, and Mass spectra. 

The synthesized compounds were evaluated for 

antidiabetic activity in alloxan-induced 

hyperglycemic rats and the compound IId 

exhibited good control over hyperglycemia when 

compared with pioglitazone.   
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1. Introduction  

  

Diabetes mellitus, characterized by chronic hyperglycemia due to insulin deficiency or 

resistance, is a leading cause of morbidity and mortality worldwide. It often coexists with 

hyperlipidemia, a condition marked by elevated levels of lipids in the blood, including 

cholesterol and triglycerides. This comorbidity exacerbates cardiovascular risk and 

complicates disease management. pathways, further increasing blood glucose and lipid 

levels. Managing diabetes the key strategies to achieve this include: diet and lifestyle 

modifications. Medications to achieve normal levels, regular monitoring of blood glucose 

and lipid levels are essential for optimal management.  

  

Thiazolidinediones (TZDs), also known as glitazones, are a class of heterocyclic 

compounds widely recognized for their potent antidiabetic properties, primarily through 

their role as agonists of the peroxisome proliferator-activated receptor gamma (PPARγ). 

[Grygiel-Górniak,  

B. et al.,2014]. By activating PPARγ, TZDs improve insulin sensitivity, regulate glucose 

metabolism, and exert anti-inflammatory effects. [Willson, T. M., et al ., 2000] Beyond their 

well-documented antidiabetic activity, recent research has highlighted the potential of 

TZDs in addressing hyperlipidemia, a critical risk factor for cardiovascular diseases often 

associated with diabetes.[Virendra S.A.et al.,2022] TZDs have shown promise in 

normalizing lipid profiles through their multifaceted mechanisms, including modulation of 

lipid metabolism, enhancement of lipid uptake and storage in adipocytes, and reduction of 

lipogenesis in hepatocytes.[ Lehmann, J. M., et al.1995]  

  

  
Fig 1: 3D Structure of PPARγ and PPARα  

  

PPARα is a nuclear receptor principally expressed in tissues with high fatty acid oxidation, 

such as the liver, heart, kidney, and muscle. [Berger, J., & Moller, D. E. (2002)] Upon 

activation by ligands such as TZDs, PPARα constitutes a heteromolecular dimer with the 

retinoid X receptor (RXR). This composite dimer then binds to specific PPAR response 

elements (PPREs) in the promoter regions of target genes, modulating transcription. 

[Chawla, A. et al., 2001] The dual activation of PPARγ and PPARα by TZDs enhances their 

effectiveness in addressing metabolic syndrome, which encompasses insulin resistance, 
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elevated blood glucose levels, dyslipidemia, and hypertension. [Lehrke, M. et al., (2005)] 

PPARγ activation primarily improves insulin sensitivity and glucose homeostasis, while 

PPARα activation complements these benefits by improving lipid metabolism and reducing 

inflammation, providing comprehensive metabolic advantages. Hence in this article, we 

have synthesized novel 3,5- disubstituted-1,3-thiazolidinediones and evaluated them for 

invivo antihyperglycemic activity and molecular docking studies at the PPARα receptor 

further supported the dual PPARα/γ agonist activity of these compounds.  

  

  

Fig 1: Mechanism of action of PPARα receptor  

  

Materials and methods  

The Chemicals and solvents used in the present study were used in pure grade without 

purification and are purchased from Merck, Sd Fine Chemicals Limited, Sigma Aldrich 

USA. Digital melting point was used to determine the melting points of the synthesized 

compounds. Using Silica gel 60 F254 plates from Merck company, Germany, TLC was 

done using ethyl acetate and ether in 4:6 ratio. UV chamber and iodine chamber were used 

to observe the spots. For absorbance measurements, Schimadzu UV Visible double 

spectrophotometer with UV probe 2.71 software was used. Using the Perkin Elmer FT-IR 

spectrophotometer by pellets of potassium bromide technique the IR was analysed. CDCl3 

and DMSO as the solvent the  
1HNMR &13C NMR spectra were recorded on Bruker 500 MHz NMR spectrophotometer. 

Shimadzu mass spectrophotometer was used for the determination of the mass spectra.  

  

Synthesis of 5-([1,1'-biphenyl]-4-ylmethylene)-2,4- thiazolidinedione [I]  

3.2 mmol of both thiazolidinedione and 4-biphenylcarboxaldehyde were added to a reaction 

vessel and a catalytic amount (0.5ml) of pyridine, and 20 ml of ethanol were added and 

refluxed for 18 hours. After the reaction completion which was confirmed by the TLC the 

reaction mixture was cooled. The precipitated crude 5-([1,1'-biphenyl]-4-yl methylene)-

2,4- thiazolidinedione was filtered and washed with cold H2O [G. Bruno, et al., 2002]. The 

crude product was refined by recrystallization using ethanol as a solvent.  
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Synthesis of 3-substituted -5- ([1,1'- biphenyl] -4- ylmethylene)- 2,4- thiazolidinediones 

(Ia-h)  

In a reaction vessel,5-([1,1'-biphenyl]-4-ylmethylene)-2,4-thiazolidinedione I (0.02 mmol) 

and substituted alkyl/aryl chlorides (0.02 mmol) were taken, and sodium hydroxide (0.02 

mmol) in 20ml ethanol: water (1:1) solution was added. The reaction mixture was refluxed 

for 18-20 hrs. [Shubhanjali Shukla, et al., 2012]. The products crystallized upon cooling 

and were purified by recrystallization using ethanol.  

Fig.2 Schematic representation for the synthesis of 3-substituted-5-([1,1'-biphenyl]-4-yl 

methylene)-2,4-thiazolidinedione Step I  

  

 
) -1,3- thiazolidine-2,4-dione (I)  
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II b-CH2-

(CO)OEt  

  

II c-  

  

IId -  

 
N  

Pharmacological evaluation Animals and Treatment  

  

Healthy male Wistar albino rats, weighing between 170 and 230 grams, were sourced from 

Prasad Vyas Lab in Uppal, Hyderabad. They were kept in polypropylene cages under 

controlled laboratory conditions, with a temperature maintained at 25°C ± 5°C and a 12-

hour light/dark cycle. The rats had unrestricted access to both food and water. All protocols 

for assessing antidiabetic activity were approved by the Institutional Animal Ethics 

Committee (IAEC) under the Committee for Control and Supervision of Experiments on 

Animals, New Delhi (approval number: 01/MRIPS/CPCSEA-IAEC/Hyd/2023).  

  

Antihyperglycemic Activity  

The antihyperglycemic activity was conducted on 5 compounds in alloxan-induced diabetic 

rats. Diabetes was induced by administering freshly prepared 100 mg alloxan by blending 

in 1 ml of normal saline solution, after an overnight fast. To prevent drug-induced 

hypoglycemia, the rats were given a 5% glucose solution overnight [Pratik Prakash Maske, 

et al., 2023]. Two days later, glucose levels were measured, and rats with blood glucose 

levels exceeding 200 mg/dL were selected for further study [Alomari, et al.,2015]. Based 

on dose selection experiments, the effective dose for reducing plasma glucose levels was 

determined to be 25mg/kg per day. All compounds were administered intraperitoneally 

(i.p.) dissolved in DMSO. The rats were divided into the groups which served as control, 

diabetic control, diabetic rats treated with standard pioglitazone and diabetic rats treated 

with synthesized compounds. Blood samples were collected from the retro-orbital plexus 

under light anesthesia (using ethyl ether) 1 hour after compound administration on the 0th, 

7th,14 th and 21st days. Blood glucose levels were measured utilizing the ACCU Check 

glucose monitoring device.  

  

Molecular Docking  

  

The structure of the ternary complex of PPARα (PDB ID: 1K7L) was retrieved from the 

Protein Data Bank (PDB) and was devised using the Schrödinger Suite 2021-4 Protein 

Preparation W izard module, minimized with the optimized potentials for simulations-3 

(OPLS-3) molecular force field, and the RMSD of the crystallographic atom set at 0.3 

Å[Lucia fernanda et.al., 2012].  
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+ 
  R   NaOH,   ethanol   

X   
R 

1   
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A grid box was created to exemplify the active site.[Sasikala, et.al., 2019]  

3D structures of the compounds were produced and optimized using the LigPrep module 

of the Schrödinger Suite 2021-4. The 2D structures were converted to 3D, energy 

minimized, optimized for geometry, desalted, and chirality corrected. Ligands were 

minimized using the OPLS-3 force field until an RMSD of 2.0 Å was achieved. Docking 

was performed using the G-module of the Schrödinger Suite 2021-4 in extra precision (XP) 

mode with default parameters[Rajitha G, et.al., 2014]. The binding modes with the best 

Glide scores were selected and analyzed using the XP visualizer of the Glide module. The 

Glide scores of the compounds were compared with that of standard pioglitazone. The 

ligand-receptor complexes' binding free energy and post-docking energy minimization 

were carried out using the Prime Molecular Mechanics – Generalized Born Surface Area 

(MM-GB/SA) method in Schrödinger 2021.  

  

2. Results and discussions  

  

The compounds were synthesized in good yields ranging from 65-85%. (Table 1). The 

purity of the compounds was confirmed by melting point and thin layer chromatography 

kept with ethyl acetate and ether (4:6). Characterisation of 5-[([1,1'-biphenyl]-4-

yl)methylidene] thiazolidine-2,4-dione by using IR, NMR, and mass spectroscopy, the 

details of which were published in our earlier article[ G.Rajitha et.al]. The IR spectra of the 

synthesized compounds exhibited characteristic peaks of the aromatic C-H stretch at 3000-

3034 cm-1, C=O group stretch at 1670 cm-1 and 1730 cm-1, C-N peak at 1310-130 cm-1, C-

S peak at 750 cm-1, the mass of the synthesized compounds ranged from 282 – 472 gms, 

from the 1H NMR (400 MHz, CDCl3) the δ of the aromatic protons ranged from 8.10 – 

7.27, aliphatic protons ranged from 1.26-1.31, from the 13 C NMR ( 500 MHz, CDCl3) δ of 

the C=O carbons was observed between  

167.96 and 166.53, the δ of the aromatic carbons ranged between 148.0 to 123.0, the δ of 

the  

C-S carbon was observed at 121.9, the δ of the aliphatic carbons ranged at 27.96-14.11. 

Thus, the above data helped to establish the synthesized compounds' structure.  

  

Table 1: Physicochemical properties of the 5-([1,1'-biphenyl]-4-yl methylene)-

3substituted thiazolidine-2,4-diones  

S.No.  
Compo 

und  

 R1  Molecular 

formula  

MWt. 

gms  

%  

yield  

MP° 

C  

1  I  
 

H  C16H11NO2S  282  78  224  

2  IIa  
 

CH3  C17H13NO2S  295  71.2  234  

  

3  

  

IIb  

 -CH2-(CO)OEt    

C20H17NO4S  

  

367  

  

83.3  

  

250  
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4  

  

IIc  

 

 

N 

  

  

C22H16N2O2S  

  

372  

  

73  

  

247  

 5    
IId  

 

 

N  
  
C30H20N2O2S  

  
472  

  
76  

  
260  

6  IIe  

  

H3C  

 
  C21H21NO2S  

351  85.3  245  

7  IIf    

HO    C22H23NO3S  
381  88  263  

8  IIg    

 
CH  C19H13NO2S  

319  75  280  

  

Pharmacological evaluation  

  

As per our research we reported earlier [G. Rajitha et.al.,2024] on invitro antioxidant 

activity and docking studies at PPARγ [G. Rajitha et.al.,2024]and PPARα active site, five 

compounds IIb, IIc, IId, IIe & IIf were selected for the in-vivo antihyperglycemic activity 

in alloxan-induced diabetic rats.   

Most of the compounds exhibited prominent antidiabetic activity compared to the standard 

pioglitazone. Compound IId with the 2-cyano biphenyl methylene substitution showed a 

prominent reduction in the blood glucose level while compound IIf with hydroxy hexyl 

group was also observed to decrease the blood glucose levels. These studies revealed that 

the presence of hydrophobic groups like aromatic and higher alkyl groups at the N3 position 

enhanced the antihyperglycemic activity than the unsubstituted thiazolidinediones as 

reported earlier.  

Table2: Serum Blood Glucose Leves   

  

Groups  0 DAY  7 DAY  14 DAY  21 DAY  

Normal 

control  

94.63±2.54  96.27±2.66  97.29±2.08  95.23±2.14  

Diabetic 

control  

308.24±3.97  310.43±4.83  301.17±2.26  299.67±2.87  

Standard 

control  

311.87±1.73  209.36±3.97  137.68±2.76  83.33±1.94  
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IIb  308.82±3.44  193.24±3.15  153.65±3.26  123.35±2.26  

IIc  299.73±2.78  272.28±2.87  215.58±2.17  153.87±3.28  

IId  302.78±3.07  184.32±4.07  144.27±3.06  94.65±2.65  

IIe  297.68±2.72  271.23±1.06  225.73±2.95  155.98±2.14  

IIf  302.57±2.44  193.65±2.872  154.36±3.53  106.96±3.26  

  

Antidiabetic effect at a dose of  25 mg/Kg of rat at 0th day (pre-drug values), 7th day,14 th day 

and 21st day (post-drug values) for each group of compounds (IIb, IIc, IId, IIe, IIf) compared 

to diabetic- control “DC”. Data analyzed by one way ANOVA using graph prism pad method and 

expressed as mean ± SEM from 6 observations and is considered significant if p<0.05* and p<0.005**  

  

 
  

  

FIG 3: The blood glucose level of hyperglycemic loaded rats on 0th, 7th ,14th, and 21st day 

for each group of compounds.   

  

  

  

In the homologous series, as the number of alkyl groups increased the antidiabetic activity 

increased.  Presence of a hydroxyl group or cyano groups  on the alkyl and aromatic 

substitution further increased the hypoglycemic activity. The interaction substitution on the 

3rd position of thiazolidinedione enhanced the antihyperglycemic activity than the methyl 

group. The studies inferred that polar groups substituted on the alkyl or benzyl group at the 

3rd position of thiazolidinedione might be responsible for the additional binding interactions 
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at the receptor which accounted for their potent activity as per the literature 

[Manal.Y.Sameeh, et.al.,2022].  

  

Molecular docking  

The glide scores and binding free energies of the molecules were reported in Table 4. The 

designed molecules were found to interact with the PPARα receptor by Hydrophobic 

bonding, pi-pi stacking, hydrogen bonding, and polar interactions (FIG: 4) were observed 

mainly with the binding site residues: glu 269, Ser 280, Thr 279, Gln 277, Phe 273, Cys 

276, Tyr 314. Phe 318, Ile 317, leu 321, Leu 344, Leu 347.  

  

TABLE 4: glide score, binding free energies &  binding free energies  

  

  

S.No  
Compound  

G Score 

(kcal/mol)  
 Binding energy (kcal/mol)  

1  I  -9.2  -36.3  

2  IIa  -8.422  -40.45  

3  IIb  -7.724  -55.79  

4  IIc  -8.554  -58.51  

5  IId  -7.654  -50.77  

6  IIe  -9.2  -35.34  

7  IIf  -6.417  -42.57  

8  IIg  -8.538  -63.81  

9  IIh  -6.565  -42.64  

10  Pioglitazone  -7.5  -55.2  

  

All the compounds showed in silico activity at the PPAR α receptor with the G score ranging 

from -6.417 to –9.20 kcal/mol. The compounds I, IIa, IIb,IIc, IId, IIe and II g showed G 

scores more potent than the standard pioglitazone (-7.5 kcal/mol). The post-docking 

minimization revealed binding free energies (∆G bind values) from -36.3 kcal/mol to -63.81 

kcal/mol. The highest binding energy at the PPAR α receptor shown by compound IIg (-

63.81 kcal/mol) indicates better binding affinity, highly stable interactions, and the most 

thermodynamically favorable binding. Further, it can be understood that the presence of a 

polar group on the alkyl group and benzyl group at the 3rd position of thiazolidinedione 

might be responsible for the increased binding interactions at the PPAR alpha receptor. The 

studies also revealed that the presence of only alkyl or aryl groups on the N3 position did 

not contribute to the formation of stable complexes with the receptor, resulting in their poor 

binding interactions at the active site of PPAR α.  
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Fig:4 – binding interactions of IId at the PPARα receptor by hydrogen bonding, polar 

interactions, and hydrophobic interactions can be observed.  

 

3. Conclusion  

  

The synthesized compounds were assessed for antihyperglycemic activity in alloxan-

induced diabetic rats. From these studies, it was revealed that compounds IId and IIf 

exhibited potent antidiabetic activity. Molecular docking at the PPAR α receptor further 

established compounds IId and IIf as potent compounds with antihyperlipidemic activity. 

From the in vivo and molecular docking studies, it was disseminated that the presence of 

hydrophobic groups on the alkyl or benzyl group at the 3rd position of thiazolidinedione 

might be responsible for the additional binding interactions at the receptor which accounted 

for their potent activity as reported in earlier studies.  
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