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NMR analysis and purity of Gambogenic acid (GNA)
13C NMR spectrum of GNA was recorded using a Bruker Advance 400 MHz 

spectrometer with deuterated methanol (MeOD) as the solvent.

Purity of GNA was determined by HPLC (Agilent, Waldbronn, Germany) as 

Reference 1. The column (ZORBAX Eclipse XDB-C8 column, 5 μm, ф4.6mm×150mm, 

Agilent, U.S.A.) was eluted with a binary mixture of acetonitrile and 0.20% acetic acid 

solution (volume ratio 85:15) at a flow rate of 1.0 ml/min. Elution was monitored at 

360nm on a diode array detector. The injection volume was 10 μL (5 μg·mL-1 

gambogenic acid) and the column temperature was maintained at 25°C.

Fourier transform infrared spectra and differential scanning calorimetry

Fourier transform infrared spectra (FTIR) was used to confirm the chemical 

reaction between PDA and FA. The samples were mixed with KBr powder. The 

infrared spectrometer of 400-4000 cm–1 wave number was utilized to scan the mixture 

by a Bruker Vector 22 FTIR spectrometer.

The thermograms of GNA and lyophilized GNA@PDA-FA SA NPs were 

investigated by means of differential scanning calorimetry (DSC) (Q200 F3 NETZSCH, 

Selb, Germany). About 5 mg of sample was placed into an aluminium pan and sealed 

in the airproof conditions. The thermal behavior was performed from 30 to 200 oC at a 

scanning rate of 5 oC/min 2.

The water solubility of GNA and GNA@PDA-FA SA NPs

Excess raw GNA was added to ultrapure water and centrifuged (12000 rpm for 10 

min) after fully dissolving, then, the supernatant was injected in HPLC to get the water 

solubility of GNA.

In vitro drug release of GNA@PDA-FA SA NPs in simulated gastrointestinal fluid 

In vitro drug release of GNA@PDA-FA NPs, GNA@PDA SA NPs and raw GNA 

were conducted with dialysis bags diffusion in release medium of simulated 

gastrointestinal fluid without enzyme. In detail, 1.75 mL GNA solution (0.7 mg GNA 

dissolved into 1.75 mL of ethanol), 1.75 mL GNA@PDA NPs solution and 1.75 mL 

GNA@PDA-FA SA NPs solution (equivalent to 0.7 mg of GNA) were placed into three 

per-swelled dialysis bags (≤ 12 kDa, China). The bags were separately immersed in 100 
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mL simulated gastric fluid for 2h and then in simulated gastrointestinal fluid for another 

7h with stirring at 100 rpm and 37 ± 0.5 oC, respectively. At predetermined intervals 

(0.5, 1, 2, 4, 6, 9, 12, 24, 36, 48, 72 h), 500 μL release aliquots medium was taken out 

for analysis, at the same time 500 μL fresh release medium was added to the outer 

solution.

Results

Detailed data on NMR analysis and purity of Gambogenic acid (GNA)

Figure S1 showed the 13C NMR spectrum of GNA with the characteristic 

chemical shift at δ16.1, 17.6, 17.9, 20.6, 21.0, 22.0, 25.2, 25.6, (2C), 26.3, 28.9, 29.5, 

29.8, 39.7, 46.9, 48.9, 83.7, 84.0, 90.4, 100.6, 106.4, 107.4, 121.4, 122.0, 123.8, 128.1, 

131.7, 133.6 (2C), 135.0, 138.1, 138.9, 155.9, 160.3, 163.5, 172.1, 179.1, 203.5, which 

were consistent with the literature data 3.

Fig S1. 13C NMR spectrum of GNA
As shown in Fig S2, the purity of GNA was 98% determined by HPLC.
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Fig S2. HPLC-UV Chromatograms of GNA

Fourier transform infrared spectra and differential scanning calorimetry of 

GNA@PDA-FA SA NPs

As shown in Fig S3(a), the FTIR of GNA exhibits strong absorption bands at 1450 

cm–1 and 1630 cm–1 which are attributed to C-H vibration of benzene ring and C=O 

vibration of amide, respectively. The characteristic band at 2970 cm–1 was attributed to 

the carboxyl stretching vibration of GNA. FTIR in Fig S3(a) provided the information 

about the chemical composition of GNA@PDA NPs and GNA@PDA-FA NPs. The 

broad and strong absorption at 3400-3300 cm–1 was assigned to the stretching 

vibrations of N-H and O-H. The absorption peak at 1651 cm–1 originated from C=O of 

amide in stretching mode, and peaks at 1500 cm–1, 1470 cm–1 and 1460 cm–1 were 

attributed to C-H vibration of benzene ring 4. The peak at 2943 cm–1 was assigned to 

C-H vibration of alkane and became stronger after reaction with FA 5. Compared to the 

FTIR of GNA, GNA@PDA NPs and GNA@PDA-FA NPs exhibited new absorption 

bands at 1020 cm–1 and 1090 cm–1, which are attributed to the stretching vibrations of 

C-N groups. Meanwhile, both absorption bands at 1020 cm–1 and 1090 cm–1 were 

significantly increased after FA function in GNA@PDA-FA NPs. These changes 

indicated that chemical reaction between FA and PDA may occur through the formation 

of amide. 

DSC is a reliable method to provide insight into the possible interactions between 

PDA and FA. As shown in Fig. S3(b), a clear single melting endothermic peak of raw 

GNA was observed at 108 oC, which was in agreement with the reported data 6. After 
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GNA being captured in the PDA nanoparticles, the melting peak of GNA slightly 

shifted and turned broader in comparison with raw GNA. Moreover, a new endothermic 

peak appeared at 145 oC after the GNA@PDA-FA NPs formation, which indicated 

success conjugation of FA to the PDA core.

Fig S3. (a) FTIR spectra of physical mixture of PDA and FA, GNA@PDA-FA NPs, 

GNA@PDA NPs and raw GNA. (b) DSC of GNA, GNA@PDA NPs, GNA@PDA-FA 

NPs and physical mixture of PDA and FA, respectively.

The water solubility of GNA and GNA@PDA-FA SA NPs

Table S1 The water solubility of GNA and GNA@PDA-FA SA NPs (n =3)

Samples Pure GNA
GNA@PDA-FA SA 

NPs

Water solubility 

(μg/mL)
0.27 ± 0.05 418.33 ± 5.51 

In this work, 0.4 mg GNA was loaded in 1 mL GNA@PDA-FA SA NPs solution 

(containing 0.4 mg GMA, 0.2 mg PDA, 0.2 mg FA and 0.4 mg SA) under optimal 

conditions, while the water solubility of pure GNA is about 0.27 μg/mL (Table S1). It 

can be seen that GNA@PDA-FA SA NPs greatly improved the water solubility of GNA. 

In vitro drug release of GNA@PDA-FA SA NPs in simulated gastrointestinal fluid 

To investigate the stability and in vitro drug release of this oral formulation in 

gastrointestinal environment, the release of GNA@PDA-FA SA NPs were firstly 

carried out in simulated gastric fluid for 2h. The cumulative release percentages of 
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GNA@PDA-FA SA NPs at 1 h and 2 h were 1.65 % and 4.50 %, respectively. Then, 

we performed in vitro drug release of GNA@PDA-FA SA NPs in simulated intestinal 

fluid. As shown in Fig S4, accumulatively, up to 8.58% and 6.36% of GNA was 

released from GNA@PDA-FA NPs and GNA@PDA-FA SA NPs at 8h, respectively. 

The above results showed that GNA@PDA-FA NPs released a small amount of drug 

in simulated gastrointestinal fluid, indicating that NPs designed in this study can pass 

steadily through the gastrointestinal environment after oral administration. 

Fig S4. Release profiles of raw GNA, GNA@PDA-FA NPs and GNA@PDA-FA SA 

NPs in simulated intestinal fluid at 37 ± 0.5 oC (n = 3).
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