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Thermogravimetric analyses (TGA)  

TGA were performed on a Perkin Elmer TGA 4000 (Waltham, MA, USA). Measurements were run at a 

heaƟng rate of 10 °C.min-1 under a nitrogen flow rate of 20 mL.min-1, to avoid any thermo-oxidaƟve 

degradaƟon. Instrument control, data acquisiƟon, and data processing were performed by Pyris 

soŌware (v.11.0.0.0449). The ±1 °C accuracy on the degradaƟon temperatures determined from the 

derivaƟves of the weight losses versus temperature curves was established. 

The Precirol® 5 ATO (Prec), shows a one-step degradaƟon curve in contrast to a two-step process when 

physical mixture (PM), physical mixture with berberine (PMB), empty (NLC) and berberine-loaded 

(NLC-B) nanoparƟcles were invesƟgated. The TGA of free berberine (BRB), reveal mulƟ-step 

degradaƟon and presence around 13% moisture in the sample. Both the iniƟal degradaƟon 

temperature (Td5%) and the temperature at the maximum weight loss (Tdmax) are presented in Table 1.  

Table S1. Thermogravimetric data for Precirol® 5 ATO, berberine, physical mixture (PM), physical 

mixture with berberine (PMB), empty (NLC) and berberine (NLC-B) loaded nanoparƟcles. 

№ Sample code Td5% (oC)a Tdmax (oC)b 

1. Prec 200 400 

2. BRB 170 - 

3. PM 238 405 

4. PMB 225 405 



5. NLC 238 420 

6. NLC-B 195 420 

a Td5% – IniƟal degradaƟon temperature that corresponds to weight loss of 5%.  

b Tdmax, Vdmax – Maximum degradaƟon temperature and maximum degradaƟon rate that correspond 

to weight loss of 50%. 

c Td15% – IniƟal degradaƟon temperature that corresponds to weight loss of 15%. The calculated 13% 

weight loss up to 100 oC is due to moisture content in the sample. 

 

 

 

 

 

 

 

 

 

The presented data in Table A1. reveal that all samples are thermally stable up to 170  oC for BRB and 

195÷200 oC for other invesƟgated samples. On that base the melƟng and crystallizaƟon behaviour 

were studied by DSC in the -70 to 170 or 195÷200 oC temperature range. 

 

Figure S1. Thermogravimetric curves of Precirol 5 ATO, berberine, physical mixture (PM), physical 

mixture with berberine (PMB), empty (NLC) and berberine (NLC-B) loaded nanoparƟcles. 



 

 

 

 

 



 

 

 

 



 

 

  



Figure S2. Hydrodynamic diameter of the prepared NLC (A, B and C) and NLC-B (D, E and F) reported 

by intensity (A and D), number (B and E) and volume (C and F). Data of three different sample batches. 

 

 

 

 

 



The FTIR spectra of the individual components, plain NLC, and berberine-loaded NLC (NLC-B) are 

added to the supplementary informaƟon. These spectra include: 

1. Pure Berberine Hydrochloride (BRB): 

o 3057 cm⁻¹: Quaternary ammonium group. 

o 2910 cm⁻¹: C-H stretching. 

o 2855 cm⁻¹: Methoxyl (-OCH₃) group. 

o 1627 cm⁻¹: C-N band. 

o 1601 cm⁻¹: Quaternary iminium ion (C=N⁺). 

o 1507 cm⁻¹: AromaƟc C-C bond vibraƟon. 

o 1110 cm⁻¹: Ring deformaƟon and CH in-plane bending. 

o 1039 cm⁻¹: C-H vibraƟons in the aromaƟc ring. 

2. Lipid Components: 

o Precirol® 5 ATO: 

 1730 cm⁻¹: C=O stretching. 

 2914 cm⁻¹ and 2850 cm⁻¹: C-H stretching. 

o Mygliol® 812N: 

 1738 cm⁻¹: C=O stretching. 

 2846 cm⁻¹ and 2926 cm⁻¹: C-H stretching. 

3. NLC and NLC-B: 

o NLC: Combined peaks from Precirol® 5 ATO and Mygliol® 812N without evidence of 

interacƟons between lipids. 

o NLC-B: Disappearance of berberine-specific peaks (e.g., aromaƟc C-C and C-H 

vibraƟons, and the quaternary iminium ion), indicaƟng successful encapsulaƟon. 

 



 

 

 

 



 

 

TEM micrographs 



 


