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Abstract: Thiazole has been a key scaffold in antidiabetic drugs. In quest of new and more effective drugs a simple, efficient, high yielding 

(67-79%) and convenient synthesis of arylidenehydrazinyl-4-methoxyphenyl)thiazoles is accomplished over two steps. The synthesis 

involved the condensation of aryl substituted thiosemicarbazones and 2-bromo-4-methoxyacetophenone in absolute ethanol. The 

structures of the resulting thiazoles are in accord with their UV-Vis, FT-IR, 1H-, 13C-NMR and HRMS data. All compounds were evaluated for 

alpha(α)-amylase inhibition potential, antiglycation, antioxidant abilities and biocompatibility. The compounds library identified 2-(2-(3,4-

dichlorobenzylidene)hydrazinyl)-4-(4-methoxyphenyl)thiazole as a lead molecule against α-amylase inhibition with an IC50 of 5.75±0.02 µM. 

α-Amylase inhibition is also supported by molecular docking studies against α-amylase. All the obtained thiazoles also showed promising 

antiglycation activity with 4-(4-methoxyphenyl)-2-(2-(2-(trifluoromethyl)benzylidene)hydrazinyl)thiazole exhibiting the best inhibition 

(IC50= 0.383±0.001 mg/mL) compared to control. The tested compounds are also biocompatible at the concentration used i.e. 10 µM. 

Keywords: Bioorganic chemistry• α-amylase Docking•Cyclizations•1,3-thiazoles•Antioxidannt•Antiglycation•Biological studies• 

 

Introduction 

Diabetes is globally emergent problem 1. The International Diabetes Federation indicated 425 million active cases of diabetes in 2017 and 

this number is predicted to rise dramatically in next 25 years. A further 350 million people are at threat of acquiring diabetes across the globe 

2. The emergent factors responsible for the spread of diabetes are: improved life style, food habits and technological society 3. Hence, along 

with improving life style there is a pressing need to discover, synthesize and modify both new and existing treatments to manage diabetes. 

Biochemical processes in human body produce reactive oxygen species (ROS). High levels of these ROS species induce cellular 

oxidative stress, that can lead to diabetes mellitus (DM) 4, 5. This metabolic disorder is linked with several complications including stockpiling 

of advanced glycated end products (AGEs) and slow wound healing associated with type 2 diabetes (T2D) 4. This condition leads to an 

abnormal decrease in insulin and elevation of blood glucose (hyperglycaemia) 6. The higher level of blood sugar induces glycation and 

accumulation of advanced glycation end products (AGEs). In order to mitigate the social cost of DM and improve patient care, there is a 

critical need to find new ways to control the deteriorating effect of the disease. 

Traditionally, diabetes is treated by regulating the insulin level or glucose level in the blood through inhibiting the enzymes 

regulating the starch metabolism 7, thus inhibiting the process of glycation and use of antioxidants to reduce reactive oxygen species 8. The 

use of herbs and natural extracts have been an effective mode of dibetes treatment 9-11. These nature originated moities inhibit postprandial 

hyperglycemia, thus treat diabetes in an effecient manner. The tidious extractions and isolation processess of natural products directed the 

medicinal chemists to design and synthesize antidiabetic agents with higher efficacy and little side effects. In order to achieve this goal, 

bioactive scaffolds are explored, more specifically five membered heterocycles 12. Among five membered heterocycles, thiazole holds 

special position with its versatile applications 12-14. The extensive applications of thiazole make it a leading structure motif in drug discovery 

and medicinal chemistry 15. 
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Thiazole derivatives have been well documented as an important pharmacologically active class in treatment of diabetes 12, 16-21. 

Several thiazole derivatives have been used to treat diabetes and its complications as summarised in Figure 1 22. The potential of hydrazinyl-

thiazole derivatives in managing diabetes via α-amylase inhibition 22, glycation inhibition and antioxidant action (Figure 1 D) 23, led us to 

design and synthesize compounds 3a-o. The findings of our previous studies suggested that presence of groups containing additional H-

bond acceptor stabilize the enzyme-compound interaction, thus inhibits α-amylase from hydrolysing starch into glucose. 

 

 

Figure 1: Rationale of the synthesis. 

Results and Discussion 

The compounds 2-(2-arylidenehydrazinyl)-4-(4-methoxyphenyl)thiazoles (3a-o) were prepared by heating an equimolar mixture of 

respective thiosemicarbazones 24-33 and 2-bromo-4-methoxy acetophenone in absolute ethanol as shown in Scheme 1 34-36. The cyclized 

products were achieved in moderate to good yield (67-79%). 

The structures were established by spectroscopic data i.e. UV, FT-IR, 1H-, 13C-NMR and HRMS. In FTIR spectra of 3a-o, 

absorptions at 3320-3103 cm-1 indicated presence of the -NH group. Additional absorption bands in the range of 2937-2918 cm-1 indicate 

aliphatic -CH stretching modes while the azomethine (-CH=N-) groups are evidenced by strong absorptions in range 1610-1550 cm-1. The 

absorption bands in the range 1700-1421 cm-1 were ascribed to thiazole skeletal vibrations overlapping with aromatic ring C=C stretchings 

37 and those at 1456-1313 cm-1 to aliphatic -CH bending vibrations. The C-O bond stretch appeared at 1132-1029 cm-1 while characteristic 

thiazole vibrations were found at 1099-705 cm-1 37. 

In 1H-NMR spectra of 3a-o, three proton signals as singlets at δ 2.20-2.33 ppm were ascribed to methyl group bonded to the 

azomethine linkage. The presence of methoxy group was similarly indicated as singlet at δ 3.73-3.86 ppm. A single uncoupled thiazole 

proton was observed as singlet at δ 6.39-7.23 ppm. A one proton signal as singlet at δ 7.28-8.46 ppm was attributed to the azomethine (-

CH=N-) proton for all cases except 3g. The azomethine proton in 3g coupled to the -CF3 moiety appeared as quartet (3JHF= 2.3 Hz). Finally, 

the protons in range δ 12.36-11.03 ppm were assigned to the -NH functionalities. 
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In their 13C-NMR spectra the carbon of thiazole (C2) appeared in the range δ 166.7-170.1 ppm for all compounds (3a-o). Methoxy 

carbon signal appeared between δ 155.6-161.1 ppm while the azomethine carbon signal was observed at δ 132.3-141.9 ppm. The carbons at 

position 4 and 5 of thiazole appeared in range δ 145.9-151.0 and δ 98.6-102.6 ppm, respectively. The up-field carbon signals in range δ 55.3-

56.2 ppm were assigned to the methoxy carbons. The synthesis of compounds was further confirmed when NMR spectra were compared 

with literature reported similar skeleton compounds.38-45 
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Scheme 1: Synthesis of 2-(2-arylidenehydrazinyl)-4-(4-methoxyphenyl)thiazoles (3a-o). 

After establishing the synthesis of the expected hydrazinyl-4-methoxyphenylthiazoles their biological significance was investigated by α-

amylase inhibitory potential, antiglycation activity, antioxidant potential and cytotoxic behaviour by haemolytic assay. 

Biological screening of 2-(2-arylidenehydrazinyl)-4-(4-methoxyphenyl)thiazoles (3a-o) 

Molecular modelling study 

To help understand the molecular basis of the mechanism of inhibition, molecular docking study was used to examine potential 

binding conformations of compounds (3a-o) to the active site of human pancreatic α-amylase (pdb:4W93) using Autodock Vina (See 

Experimental Section). Protein structure (4W93) was retrieved from Protein Data Bank (PDB) whose structure is already bound with 

montbretin A and a calcium ion co-factor. The bound co-crystallized ligands were removed from active pocket of protein keeping the co-

factor intact to study the inhibition mechanism of the active compounds. The docked ligand protein complexes were investigated with their 

hydrophobic/philic bonding interaction pattern and docking score (kcal/mol). The key interactions established by the active compounds 

were within 5 ˚A radius to the binding site of α-amylase.  

Many poses (10 different conformations) were obtained with better binding modes and interactions inside the receptor pocket. 

The poses with the most acceptable scores were selected. 

Table 1: Docking score and α-amylase inhibitory activity of arylidenehydrazinyl-4-methoxyphenylthiazoles (3a-o).  

Compounds Colour of the Ligands in Sticks Docking Score (kcal/mol) IC50(µM ± STDEV) 

3a White -7.982 6.35 ± 0.02 

3b Light Pink -8.292 5.90 ± 0.07 

3c Green -7.723 7.44 ± 0.06 

3d Blue -7.364 6.70 ± 0.02 

3e Yellow -8.077 6.94 ± 0.06 

3f Magenta -7.883 6.33 ± 0.11 

3g Orange -8.017 6.22 ± 0.11 

3h Light Pink -8.014 6.83 ± 0.06 

3i Lemon -7.692 8.41 ± 0.18 

3j Cyan -8.485 5.84 ± 0.07 

3k Light Orange -8.711 5.75 ± 0.02 

3l Dark grey -7.412 6.89 ± 0.13 

3m Black -7.972 8.23 ± 0.88 

3n Brown -7.47 6.19 ± 0.08 

3o Navy blue -7.415 5.86 ± 0.03 

Acarbose Red -7.581 5.66 ± 0.08 

 

Most of the favored conformations occupy pocket area in domain A. All the tested compounds were clustered well inside the 

gorge (Figure S80) with tremendous interactions with key amino acids including Asp300, Arg195, Asp197, His299, Tyr62, Trp58, Thr163, 

Ala198, Trp59, Gln63, Glu233, Leu165, Leu162, His201, Lys200, Ile235, Tyr151, His101, Asp300, Val234, Glu240 and Ser199. The docking 

scores had little fluctuations, and the comparison depicted that all the compounds exhibited multiple binding interactions and comparable 

binding score due to similar basic skeleton of the ligands (Figure S81-S85). Therefore, majority of the ligands showed efficient docking 

energy values. By analysing docking results of the tested compounds, it was found that most of the compounds manifested close binding 

scores and modes compared to the standard acarbose (-7.581 Kcal/mol) Table 1. Based on the different functional groups on basic skeleton 

of the ligands, all compounds developed a different level of interactions, with docking score ranging from -8.711 to -7.364 Kcal/mol. Among 

them compound 3k was found to be the most active and suitable scaffold for exhibiting stable binding inside the active site of the enzyme 

(Figure 2). This compound showed best binding energy score (-8.711 Kcal/mol) among the series of the docked compounds.  

3h 

 

-H    
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Figure 2: An overlay of the docked orientations of the most preferred conformations of compound 3k and reference acarbose (middle). 2D 

and 3D binding interactions and positioning of the best-docked ligands with the most preferred conformations of compound 3k in the active 

pocket of α-amylase (top) compared to the acarbose (bottom). 

 

The promising score of these ligands can be attributed to the docking orientation of the most favorable conformation inside the 

active site gorge of the receptor (Figure 2). When we put eyes on the binding interactions of 3k, we could reveal that it showed π-cation 

interactions at His201 (6.45 Å), π-sigma interactions at Ile235 (4.02 Å), π-sulfur linkages at Tyr62, His299 and Trp58 (3.07, 5.09 and 5.29 Å 

respectively), π-π stacking at Trp59 (5.50 Å), and π-alkyl interactions at Ala198, Leu162, Leu165 and Lys200 (5.44, 5.18, 4.74 and 3.84 Å 

respectively), in addition to the hydrogen bonding at (Glu233 at 3.07 Å and Asp197 at 2.61 Å). On comparison, no such π-π stacking and π -

sulphur interactions were observed when acarbose is binding to the target (Figure 3). These striking interactions and binding score suggest 

that the compound 3k possess the strong potential against α-amylase inhibition. 
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Figure 3: Ribbon (left) and ball and stick (right) illustration of the docking pose of compound 3k (top) and acarbose (bottom). 

Structure activity relationship (SAR) for α-amylase inhibition potential 

The arylidenehydrazinyl-4-methoxyphenylthiazoles were screened for their α-amylase inhibition potential. Acarbose was used 

as reference inhibitor with an IC50 value 5.66±0.08 µM. The synthesized molecules possess exclusive structural features (hydrogen bond 

donor, hydrogen bond acceptors and hydrophobic interactions) which play their role in exhibiting α-amylase inhibition. The slight difference 

in α-amylase inhibition may be attributed to same skeleton and varying aryl groups as shown in Scheme 1. The results are presented in 

Table 2. These results revealed that compounds showed fairly moderate to good α-amylase inhibition with IC50 values ranging from 

5.75±0.02 to 8.41±0.18 µM. Compounds, 3b (2-bromo-4,5-dimethoxy), 3j (2-hydroxy-3-methyl), 3k (3,4-dichloro) and 3o (thiophen-2-yl) 

showed comparable inhibition to standard. Comparing the inhibition potential of five member heterocyclic ring present as aryl group in the 

structure, the results revealed that thiophen-2-yl ring (3o) shows better inhibition (IC50= 5.86±0.03 µM) than furan-2-yl (3n) and pyrrol-2-yl 

(3d) rings. This may be attributed to additional π-sulfur interaction leading to better stabilization of ligand-enzyme complex. 

OS NH
> >

3o 3n 3d
 

Figure 4: Decreasing order of α-amylase inhibition 

The comparison of mono substituted aryl groups revealed that ortho substitution enhanced the inhibition potential as evidenced 

in compounds 3f and 3g. The meta substituted aryl group (3h and 3l) showed less inhibition potential than ortho. The para substituted (3i 

and 3m) showed least inhibition potential. The order of substitution pattern on aryl ring is shown in Figure 5. 

ortho substituted
inhibitor

> meta substituted
inhibitor

para substituted
inhibitor

>
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Figure 5: α-Amylase inhibition order of ortho, meta and para substituents. 

The results also revealed that the inhibition potential is dose dependent i.e. inhibition potential increases with increase in dose 

concentration. 

Table 2: Percentage α-amylase inhibition of compounds 3a-o. 

Compd. % Age α-amylase inhibition IC50±SEM (µM) 

1 µM 5 µM 10 µM 
3a 41.60 54.96 67.65 6.35±0.02 

3b 48.87 61.36 71.24 5.90±0.07 
3c 39.29 46.09 57.74 7.44±0.06 
3d 43.02 53.66 62.86 6.70±0.02 
3e 41.26 50.46 61.50 6.94±0.06 
3f 41.94 52.83 68.96 6.33±0.11 

3g 42.61 55.48 69.34 6.22±0.11 
3h 39.74 50.92 62.80 6.83±0.06 
3i 28.76 38.70 52.72 8.41±0.18 
3j 49.98 60.75 72.70 5.84±0.07 
3k 52.43 62.16 73.25 5.75±0.02 

3l 35.37 49.94 62.93 6.89±0.13 
3m 32.13 45.15 55.90 8.23±0.88 

3n 
3o 

44.04 
47.18 

57.72 
61.42 

68.58 
72.02 

6.19±0.08 
5.86±0.03 

Acarbose 52.39 63.18 74.46 5.66±0.08 

 

Structure activity relationship (SAR) for anti-glycation activity 

The compounds 3a-o were evaluated for their glycation inhibitory potential using amino-guanidine as standard inhibitor (IC50= 0.394±0.001 

mg/mL). Structure activity relationship was established for tested compounds which revealed that the most active compound 3g (IC50= 

0.383±0.001 mg/mL) possess trifluoromethyl at position 2 of aromatic ring. Compounds 3h and 3i possessing trifluoromethyl at position 3 

and 4 also exhibited higher antiglycation potential than standard as indicated by their IC50 values in Table 3. The glycation inhibition results 

of the compounds 3g, 3h and 3i showed that  presence of electron withdrawing groups enhance the ability of compounds to inhibit 

glycation. 

The antiglycation potential of compound 3b was found similar to standard. The presence of two methoxy group in 3b at position 

4 and 5 and a bromine at position 2 induced potential antiglycation ability. All other compounds were found to have good to excellent 

antiglycation potential. The electron withdrawing effect of bromine is more pronounced, thus rendering the molecule better antiglycating 

agent. The electronic effect of groups on glycation inhibition is further supported by the IC50 values of compounds 3a and 3f where electron 

donating groups reduce the inhibition potential The results also revealed that glycation inhibition potential is also influenced by the ring 

size. The presence of five membered ring as -Ar group in 3d, 3n and 3o possessed lower glycation inhibition potential than standard. 

Table 3: Percentage anti-glycation inhibition of compounds 3a-o. 

Compd. % Age anti-glycation inhibition IC50 (mg/mL±SEM) 

100 ppm 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm 
3a 62.900 64.266 65.863 66.583 67.892 70.902 0.525±0.005 
3b 87.529 88.517 88.725 89.616 90.673 92.144 0.394±0.001 
3c 84.679 85.722 86.904 87.235 88.696 90.187 0.404±0.002 
3d 70.331 72.396 73.357 74.513 75.128 77.037 0.475±0.003 
3e 68.839 72.923 73.403 74.550 75.590 76.629 0.475±0.002 
3f 79.391 80.994 86.256 87.982 89.491 91.667 0.402±0.001 
3g 90.826 91.158 92.0458 92.805 93.371 93.890 0.383±0.001 
3h 90.391 90.781 91.858 92.137 92.546 93.184 0.386±0.001 
3i 90.559 91.175 91.877 92.245 92.945 93.783 0.384±0.001 
3j 75.108 76.019 80.670 85.752 88.627 89.516 0.414±0.001 
3k 82.864 85.201 86.334 87.017 88.296 89.005 0.407±0.002 
3l 59.972 67.287 71.121 73.858 78.740 81.663 0.467±0.003 

3m 77.707 79.786 82.226 84.116 87.143 88.541 0.417±0.002 

3n 
3o 

83.421 
85.160 

84.699 
87.960 

85.788 
89.099 

87.247 
89.958 

88.782 
91.060 

90.292 
92.267 

0.404±0.001 
0.393±0.002 

Amino 
guanidine 

86.530 87.572 88.731 89.714 90.684 92.483 0.394±0.001 

 

Structure activity relationship (SAR) for antioxidant potential 
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The antioxidant potential of compounds 3a-o was measured by DPPH assay and compared to ascorbic acid. Compounds 3d, 3e, 3j, 3l and 

3m did not show any significant antioxidant potential. Their percentage antioxidant potential was less than 50 percent hence IC50 was not 

calculated for them. All other compounds 3a, 3b, 3c, 3f, 3g, 3h, 3i, 3k, 3n and 3o showed fairly good antioxidant potential but less than 

standard, their IC50 values lie in range 9.34±0.06 to 16.26±0.30 mM. The results presented in the Table 5 revealed that antioxidant potential 

is dose dependent. All compounds showed minimum potential at minimum tested concentration and maximum antioxidant potential at 15 

mM concentration. 

The structure activity relationship (SAR) was established for the synthesized compounds and compared to our previously 

synthesized series of compounds 23. The SAR studies revealed that antioxidant activity is influenced by nature of groups present on the aryl 

ring. While comparing results with previous studies it may be concluded that presence of electron donating group (-OMe) enhanced the 

antioxidant ability of the compounds. This may be evidenced by our current report analogues 3g, 3h and 3o (bearing a methoxy group) 

showed antioxidant activity, when compared with our previously synthesized compounds23. 
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Figure 6: Antioxidant study: Structural comparison of our previous work with our Current work. 

These findings are consistent with literature i.e., electron withdrawing groups decrease the antioxidant potential and electron 

donating groups increase this potential 46. These electron donating groups easily stabilize and neutralize the DPPH free radical hence, lead 

to an enhanced antioxidant activity.  

Table 4: Percentage antioxidant potential of compounds 3a-o. 

Compd. % Age antioxidant potential IC50 

(mM ±SEM) 
3 mM 6 mM 9 mM 12 mM 15 mM 

3a 0.00 7.09 27.72 51.58 76.32 12.04±0.01 

3b 0.00 11.61 31.90 51.55 73.09 11.95±0.01 
3c 17.51 26.55 41.34 60.44 72.35 10.34±0.07 
3d 0.00 0.00 0.00 11.81 30.19 --- 
3e 0.00 4.50 8.04 19.58 28.59 --- 
3f 0.00 12.65 16.06 34.18 62.33 15.81±0.26 
3g 0.00 17.55 28.15 37.34 54.56 15.27±0.19 
3h 13.85 32.75 44.81 67.46 80.01 9.34±0.06 
3i 5.43 20.83 38.88 55.23 65.73 11.57±0.09 
3j 0.00 9.54 15.31 25.01 45.35 --- 
3k 3.82 20.16 33.12 45.24 64.46 12.76±0.15 
3l 0.00 0.00 11.27 28.97 43.33 --- 
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3m 0.00 0.00 0.00 0.00 2.74 --- 
3n 
3o 

0.00 
0.00 

9.89 
13.80 

16.51 
32.22 

38.88 
49.00 

56.50 
66.35 

16.26±0.30 
12.66±0.11 

Ascorbic Acid 52.54 70.28 77.78 85.26 92.46 6.70±0.01 

IC50 values: Concentration of the sample (mM) at which DPPH is scavenged by 50%. 

In vitro haemolytic activity 

Compounds 3a-o were tested for their cytotoxic nature through in vitro haemolytic assay and results are presented in Table 6. Compounds 

3b, 3d, 3f, 3j and 3k were found safe to human erythrocytes at minimum tested concentration. However, at their higher concentrations they 

induce lysis in human red blood cells (RBCs). Compounds 3e, 3l and 3n showed a very minor %age haemolysis at their minimum 

concentration as indicated in Table 6. The percentage haemolysis of compounds at 10 µM is in following order. 

3b=3d=3f=3j=3k<3l<3e<3n<3c<3m<3a<3g<3i<3h<3o. 

Table 5: Percentage haemolysis of the compounds 3a-o. 

Compd. % Age haemolysis 

10 µM 50 µM 100 µM 
3a 2.53 7.47 32.06 
3b 0.00 4.32 8.89 
3c 1.12 12.79 32.15 
3d 0.00 25.82 44.76 
3e 0.98 23.25 49.09 
3f 0.00 19.94 39.20 
3g 2.95 29.32 52.41 
3h 9.06 31.01 49.73 
3i 8.35 26.60 36.92 
3j 0.00 15.45 36.83 
3k 0.00 19.51 37.20 
3l 0.90 20.12 42.47 

3m 1.25 26.47 40.36 
3n 
3o 

0.99 
11.54 

18.15 
31.49 

41.87 
51.09 

Triton X-100 100 100 100 

Conclusions 

In present study we have synthesized and studied the α-amylase, glycation inhibition, antioxidant potential and cytotoxicity of 2-(2-

arylidenehydrazinyl)-4-(4-methoxyphenyl)thiazoles (3a-o). These compounds emerged as potent α-amylase and glycation inhibitor. 

Among them, 3k and 3g were lead α-amylase and glycation inhibitors, respectively. The presence of electron withdrawing groups 

significantly enhanced the α-amylase and glycation inhibition potential. The antioxidant behavior compared with our previous studies 

indicated that electron donating groups enhance the antioxidant potential. The behavior of the compounds was found dose dependent in 

all the biological assays i.e. activity increases with increase in concentration. The comparable results of all biological assays are attributed 

to the same skeleton possessed by compounds. However, effects of substituents was also observed with enhanced or reduced inhibition 

potential. The cytotoxicity test indicated that this series of compounds is bio-compatible at 10 µM tested concentration. Thus, these 

compounds may serve as potential lead compounds in diabetes management. 

Experimental Section 

Material and Methods 

All reagents and solvents used in synthesis were of analytical grade. The chemicals were purchased from well reputed suppliers i.e. Sigma 

Aldrich, Fischer and Acros Organics. Pre-coated thin layer chromatographic (TLC) aluminum sheets (Kiesel gel 60, F254, E. Merck, Germany) 

were used to monitor the reaction progress and purity of synthesized compounds. Melting points were recorded in open capillaries using 

DMP-300 A&E Lab, UK, apparatus and are uncorrected. Ultraviolet (UV) absorption spectra were recorded on Shimadzu Ultraviolet-1800 

spectrophotometer in DMSO. IR spectra were recorded on Bruker OPUS using ATR to identify the functional groups. The 1H- and 13C-NMR 

spectra were recorded on Bruker DPX-400 and 500 MHz spectrometer using tetramethyl silane (TMS) as an internal solvent. Mass spectra 
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were obtained using Bruker Micro TOF-ESI positive targeted mode. Fluorescence of glycated products was measured on Shimadzu RF-6000 

spectro-fluorometer. 

General procedure for the synthesis of 2-(2-arylidenehydrazinyl)-4-(4-methoxyphenyl)thiazoles (3a-o) 

A mixture of aryl substituted thiosemicarbazones (1 mmol) and 2-bromo-4-methoxy acetophenone (1.0 equivalent) was refluxed 

in absolute ethanol for 4 to 5 hours. The progress of the reaction mixture was monitored at regular intervals with thin layer chromatography. 

Appearance of single spot at TLC plate indicated the completion of reaction. Upon completion, the reaction mixture was cooled to room 

temperature and poured on crushed ice. The reaction mixture containing hydrobromic acid (HBr) as side product was neutralized with weak 

base sodium carbonate (Na2CO3). Solid appeared was filtered and washed with plenty of water. TLC pure compounds were obtained upon 

drying under vacuum with 67-79% yield. The 1H-, and 13C-NMR spectra were run in deuterated dimethyl sufoxide (DMSO-d6) except 3a, 3b, 

3j, 3l and 3o which were run in deuterated chloroform (CDCl3). Spectroscopic data of all compounds 3a-0 can be found in supporting 

information. 

Biological assays 

α-Amylase inhibition assay 

The α-amylase inhibition potential of synthesized compounds was measured by reported protocol 47. The enzyme and sample 

mixtures (in 300 µL buffer solution) were incubated at 37 °C for 30 minutes in test tubes. A starch solution (Sigma Aldrich, 1% w/v) was 

prepared in 0.01 M buffer (pH= 6.9) by heating at boiling temperature until clear solution and then cooled to room temperature. A 300 µL 

starch solution was added to pre-incubated mixtures of enzyme and sample. The reaction mixture was incubated for another 30 minutes. 

3,5-Dinitrosalicylic acid (DNSA, 300 µL of a 2 M solution) colour substrate was added and reaction was stopped by placing each test tube 

immediately in boiling water bath. The test tubes were cooled to room temperature followed by dilution with 1 mL distilled water. To 

correct the absorbance of coloured test samples a blank was prepared by incubating sample without enzyme solution. A test tube with 

dimethylsulfoxide (DMSO, 300 µL) without any sample was used as a control. The absorbance of each final solution was recorded with 

UV-Visible spectrophotometer at 540 nm. Microsoft excel professional plus 2019 software was used to plot the graphs and linear equation 

was used to calculate the IC50 values from the collected data. α-Amylase inhibition was calculated by the formula given below: 

Percentage inhibition = [(A control–A sample)/A control]×100  

In vitro antiglycation assay 

Bovine serum albumin (BSA-Glucose) model was used to measure the antiglycation potential of synthesized compounds as 

reported by khan et.al. 48 using amino-guanidine as reference. The assayed mixture contained glucose solution (200 µL, 1.5 mM), BSA (200 

µL of 85 mg/mL solution) and 100 µL of the test samples (typically at 1000 ppm, 800 ppm, 600 ppm, 400 ppm, 200 ppm and 100 ppm in 

dimethylsulfoxide). BSA-Glucose solutions were prepared in phosphate buffer saline (PBS) pH 7.4 and used as control. Sodium azide 

(0.02% w/v in distilled water) was added as antimicrobial agent. Samples were incubated at 60 °C for two weeks. Trichloroacetic acid (1% 

w/v) was used to quench the reaction followed by centrifugation at 5000 rpm (7 minute), pellets were formed, separated and re-suspended 

in PBS. Specific fluorescence intensity (excitation 370 nm; emission 440 nm) was measured to analyze the glycation inhibition. Microsoft 

excel professional plus 2019 software was used to plot the graphs and linear equation was used to calculate the IC50 values from the 

collected data and percentage inhibition was calculated. 

% Inhibition = [(Fluorescence control–Fluorescence sample)/Fluorescence control]×100  

DPPH radical scavenging assay 

The free radical scavenging ability of the synthesized compounds was evaluated by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) 

as reported in literature using ascorbic acid as reference 49. The DPPH solution (1 mM) was prepared in methanol and provided dark 

environment by wrapping volumetric flask with aluminium foil. Sample solutions were prepared in DMSO ranging from 5 mM to 15 mM. 

A total of 100 µL of test sample (15 mM, 10 mM and 5 mM) and 900 µL of DPPH (1 mM) were incubated at 37 °C for 30 minutes. The 
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absorbance was measured at 517 nm by UV-Visible spectrophotometer. DPPH solution without test sample was used as control. Microsoft 

excel professional plus 2019 software was used to plot the graphs and linear equation was used to calculate the IC50 values. Percentage 

inhibition of radical scavenging potential was calculated by the following formula: 

Percentage antioxidant potential = [(Ac–Ai)/Ac] × 100  

Ac= Absorbance of control, Ai= Absorbance of sample.  

In vitro haemolytic assay 

In vitro haemolytic assay of human erythrocytes was used to determine the cytotoxicity of synthesized compounds. The method reported 

in the literature was used with some modifications 50. 20% Triton X-100 was used as positive control induces 100% lysis. 5 mL fresh human 

blood sample was collected from a healthy volunteer. Blood plasma was removed by centrifuging blood at 7000 rpm for 10 minutes before 

treatment. The collected erythrocytes were washed three times using phosphate buffer saline (PBS, pH= 7.4). 100 μL of 10 µM, 50 µM or 

100 µM samples were added to 900 µL of blood suspension followed by incubation at 37 °C for 30 minutes. The percentage haemolysis 

was estimated by free haemoglobin present in the supernatant. The absorbance was recorded by UV-Visible spectrophotometer at 540 

nm. A blank was made by the supernatant from an untreated erythrocytes suspension with phosphate buffer saline and its absorbance 

was noted. The experiment was run in triplicate and percent haemolysis was calculated. 

%Haemolysis = [(A Sample–A Blank)/(A Control–A Blank)]×100. 

Statistical analysis 

All biological assays were performed in triplicates and results are presented as mean±SEM from three experiments. The results 

were analyzed by Microsoft excel professional 2019 software package. IC50 values were determined by linear equation. 

Molecular modelling Study 

In order to validate the biological activity, molecular docking simulations were performed between α-amylase and 

acarbose or newly synthesized compounds (3a-o) using reported literature 23. All docking studies were performed using Autodock 

Vina (ver. 1.2.3). For this purpose, the crystal structure of human pancreatic α-amylase complexed with montbretin A (PDB ID: 

4W93) were retrieved from protein data bank. The co-crystallized ligand and water molecules were removed and the protein was 

converted to pdbqt format using Autodock Tools 51 keeping co-factor intact. The 2D structures of ligands were sketched using 

Chemdraw 12.0. The 2D structures were converted to 3D format by Openbabel (ver. 2.3.1). PDBQT files were prepared in MGL 

Tools. All the compounds were docked using Autodock Vina. The other parameters were left as default. Finally, the conformations 

with the most favorable free energy of binding were selected for analyzing the interactions between the target enzyme and 

inhibitors. The docking scores were obtained as binding energies in Kcal/mol. Discovery Studio (ver. 21.1.0.20298) and UCSF 

ChimeraX (ver. 1.2) software was used for 3D molecular graphics, structural alignments, and visualizations. 
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Twitter Text 

 A convenient synthesis of the Arylidenehydrazinyl-4-methoxyphenylthiazole Derivatives accomplished in three steps. 
 Confirmation of synthesis achieved via UV, FT-IR, NMR and Mass spectrometric techniques.   
 Antiglycation, amylase and antioxidant experimental and docking results of almost all tested compounds are comparable to 

standard. 
 

 


