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1. Parameterization and Optimization of the 5-FU CG Model 

5-FU was one of the main molecular involved in this study, because no Martini force field 
parameter for 5-FU has been reported before, we parameterized it using method provided in 
Martini website. Their chemical structures and CG mappings are shown in Figure S1a and their 
force field parameters are shown in Table S1. Then in order to validate the accuracy of our 
model, we calculated the bond distributions of 5-FU in all atoms and CG levels, see Figure S1c-
S1e. The distribution of CG was similar to that of all atoms, which confirmed the accuracy of 
our CG models. 

Table S1. Force field parameters of 5-FU. 
5-FU

Atoms 
Name Type 

# 
1 FU1 SP3 
2 FU2 SP3 
3 FU3 SNd 

Bonds 
Length 

(nm) Kbond (kJ·mol−1·nm−2) 

i j   
1 2 0.21 

0.24
20,000 
20,0001 3 

2 3 0.10 20,000 
 
What’s more, since the oil-water partition coefficient was one of the important parameters 

in Martini force field, therefore, its oil-water partition coefficient was compared with the all 
atom model to confirm our CG model, see Figure Sb. Except for the good similarity between 
the all atom model and the CG model, 5-FU showed a high distribution in water than octanol, 
which was in consistent with the physiochemical property of 5-FU. All of this demonstrate that 
our CG model could be used for the further study 5-FU.  



 
Figure S1. The CG mapping and validation of 5-FU CG model. a) 5-FU CG mapping. b) a 
comparison of 5-FU’s oil-water partition coefficient between CG model (solid line) and all 

atom model (dotted line). c)-e) bond distribution frequency for bond 1-3. 
 

2. Optimization of the 5-FU concentration in vitro permeation studies  

   Before comparing the penetration enhancement effect of borneol and menthol on 5-FU, 
pre-experiment has been done to study the proper concentration of 5-FU for vitro permeation 
studies. All the conditions used in this pre-experiment were the same as what we described in 
the manuscript. 6 different concentrations were investigated, including 0.1%, 0.2%, 0.3%, 
0.4%, 0.5%, 0.8, and the Q-t curve was given in Figure S2 a). As can be seen, the highest 
cumulative amount was given at a 5-FU concentration of 0.2%. What’s more, the transmission 
electron micrographs of the epidermis treated by different 5-FU concentration was given in 
Figure S2 b). It was obviously that when the concentration of 5-FU was at 0.5% and 0.8%, the 
SC morphology of skin were largely disrupted, and this was thought to affect the penetration 
enhancement effect of PE. Therefore, considering the integral SC structure and high drug 
flux, 0.2% was select as the finial 5-FU centration for the latter study.  

 

Figure S2. Optimization of the 5-FU concentration in vitro permeation studies. a). The 
cumulative amount - time curve of 5-FU at different concentrations. b). Transmission electron 
micrographs of the epidermis after 24 h treatment of 5-FU at three different concentrations 
(Magnification: 20,000 at 80kV).  


