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1. In Vitro FFAR4 Agonistic Activity Studies 

A calcium flux assay was performed to assess the agonist activity of the test compounds 

against the hFFAR4 receptor. CHO cells stably transfected with hFFAR4 were seeded in a 96-

well plate at a density of 20,000 cells per well and incubated for 24 h at 37 °C in a 5% CO2 

incubator. The medium in the wells was gently discarded, and the wells were washed with 

Hank’s balanced salt solution (HBSS; 100 μL per well). Cells were then incubated in HBSS 

containing Fluo-4 AM (2.5 μg/mL), 0.1% fatty acid-free bovine serum albumin, and probenecid 

(2.5 mM) for 60 min at 37 °C. The cells were then washed thrice in HBSS and allowed to 

equilibrate for 10 min before conducting the assay. Test compounds dissolved in dimethyl 

sulfoxide were diluted in HBSS at various concentrations and added to Fluo-4 AM-containing 

cells, and intracellular Ca2+ concentrations were measured using FlexStation 3 Molecular 

Devices. The EC50 value of each compound was calculated using GraphPad Prism software 

(version 5.0; GraphPad Software, San Diego, CA, USA). The calcium influx assay of compound 

10f in hFFAR1-expressing CHO cells was similar to that of hFFAR4 

 

2. Interaction of TUG-891 with free fatty acid receptor 4 

 

Figure S1. Interaction of TUG-891 with free fatty acid receptor 4 (PDB code 8G59). (a) 3D pose 

of TUG-891 with free fatty acid receptor 4 (protein is shown in gray, compound 10f in blue and 

amino acid residues in green), (b) 2D plot of TUG-891 with free fatty acid receptor 4 (green 

circles and lines represent conventional hydrogen bonds, pink circles and lines represent π–π 

and π–alkyl interactions).  
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3. Oral Glucose Tolerance Test (OGTT) of TUG-891 in Normal ICR Mice 

Male ICR mice, four-week aged, were purchased from Jinan Pengyue Experimental 

Animal Breeding Co., Ltd. (Jinan, China). The mice were housed in cages under a 12 h 

light/dark cycle from 7:00 to 19:00 at controlled temperatures (25–26 °C) and relative humidity 

(50 ± 10%) throughout the experimental period. All animals were allowed to eat and drink 

freely unless otherwise stated, and were allowed to acclimatize for 1 week before the 

experiment. All animal experimental protocols were performed following applicable 

institutional and governmental regulations concerning the ethical use of animals. 

Normal male ICR mice were weighed and randomly divided into six groups (six mice per 

group) after 12 h of fasting. TUG-891 was dissolved in 0.5% MC and vortexed before the study 

initiation. Mice in each group were gavaged with vehicle (0.5% MC aqueous solution, 10 

mL/kg), or TUG-891(1, 3, 10, 30 mg/kg; 10 mL/kg), 30 min before oral glucose loading (2 g/kg, 

10 mL/kg). The exact dose volume was calculated separately for each animal. Blood samples 

were collected via the tail tip 30 min before the compound dose, at t = 0 (immediately before 

glucose loading), and 15, 30, 60, and 120 min after glucose loading. Blood glucose levels were 

measured using blood glucose test strips (Sannuo GA-3 type; Changsha, China). Glucose 

values were entered into an Excel sheet and plotted using GraphPad Prism software. 

 

Figure S2. Effects of compound TUG-891 on plasma glucose levels during the oral glucose 

tolerance test in fasting ICR mice. (a) Time-dependent changes of blood glucose levels after oral 

administration of TUG-891, followed by the oral glucose load (2 g/kg). (b) AUC−30–120 min of 

plasma glucose levels. Values are expressed as the mean ± SD (n = 6). * p ≤ 0.05 compared with 

vehicle-treated group by Student’s t test; ** p ≤ 0.01 compared with vehicle-treated group by 

Student’s t test; *** p ≤ 0.001 compared with vehicle-treated group by Student’s t test.   
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4. The NMR, HRMS and HPLC spectra of compounds 1f–12f 

 

Figure S3. 1H NMR spectrum for 1f (DMSO-d6, 500 MHz) 

 

 

Figure S4. 13C NMR spectrum for 1f (DMSO-d6, 125 MHz) 
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Figure S5. HRMS spectra of compound 1f 

 

 

Figure S6. HPLC spectra of compound 1f 
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Figure S7. 1H NMR spectrum for 2f (DMSO-d6, 500 MHz) 

 

 

Figure S8. 13C NMR spectrum for 2f (DMSO-d6, 125 MHz) 
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Figure S9. HRMS spectra of compound 2f 

 

 

Figure S10. HPLC spectra of compound 2f 
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Figure S11. 1H NMR spectrum for 3f (DMSO-d6, 500 MHz) 

 

 

Figure S12. 13C NMR spectrum for 3f (DMSO-d6, 125 MHz) 
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Figure S13. HRMS spectra of compound 3f 

 

 

Figure S14. HPLC spectra of compound 3f 

 

  



S10 

 

 

Figure S15. 1H NMR spectrum for 4f (DMSO-d6, 500 MHz) 

 

 

Figure S16. 13C NMR spectrum for 4f (DMSO-d6, 125 MHz) 
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Figure S17. HRMS spectra of compound 4f 

 

 

Figure S18. HPLC spectra of compound 4f 
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Figure S19. 1H NMR spectrum for 5f (DMSO-d6, 500 MHz) 

 

 

Figure S20. 13C NMR spectrum for 5f (DMSO-d6, 125 MHz) 
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Figure S21. HRMS spectra of compound 5f 

 

 

Figure S22. HPLC spectra of compound 5f 
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Figure S23. 1H NMR spectrum for 6f (DMSO-d6, 500 MHz) 

 

 

Figure S24. 13C NMR spectrum for 6f (DMSO-d6, 125 MHz) 
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Figure S25. HRMS spectra of compound 6f 

 

 

Figure S26. HPLC spectra of compound 6f 
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Figure S27. 1H NMR spectrum for 7f (DMSO-d6, 500 MHz) 

 

 

Figure S28. 13C NMR spectrum for 7f (DMSO-d6, 125 MHz) 
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Figure S29. HRMS spectra of compound 7f 

 

 

Figure S30. HPLC spectra of compound 7f 
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Figure S31. 1H NMR spectrum for 8f (DMSO-d6, 500 MHz) 

 

 

Figure S32. 13C NMR spectrum for 8f (DMSO-d6, 125 MHz) 
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Figure S33. HRMS spectra of compound 8f 

 

 

Figure S34. HPLC spectra of compound 8f 
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Figure S35. 1H NMR spectrum for 9f (DMSO-d6, 500 MHz) 

 

 

Figure S36. 13C NMR spectrum for 9f (DMSO-d6, 125 MHz) 
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Figure S37. HRMS spectra of compound 9f 

 

 

Figure S38. HPLC spectra of compound 9f 
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Figure S39. 1H NMR spectrum for 10f (DMSO-d6, 500 MHz) 

 

 

Figure S40. 13C NMR spectrum for 10f (DMSO-d6, 125 MHz) 
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Figure S41. HRMS spectra of compound 10f 

 

 

Figure S42. HPLC spectra of compound 10f 
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Figure S43. 1H NMR spectrum for 11f (DMSO-d6, 500 MHz) 

 

 

Figure S44. 13C NMR spectrum for 11f (DMSO-d6, 125 MHz) 
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Figure S45. HRMS spectra of compound 11f 

 

 

Figure S46. HPLC spectra of compound 11f 
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Figure S47. 1H NMR spectrum for 12f (DMSO-d6, 500 MHz) 

 

 

Figure S48. 13C NMR spectrum for 12f (DMSO-d6, 125 MHz) 
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Figure S49. HRMS spectra of compound 12f 

 

 

Figure S50. HPLC spectra of compound 12f 

 


