
S1

Supporting Information

Co-delivery of Loaded 4-Butylresorcinol and Licochalcone A 

Supramolecular for Synergistic Permeation and Whitening 

Effects

Beibei Lua,b,c,#, Tao Zhangd,*,#, Yue Liud, Xuefang Shid, Yimeng Wangd, Bo Ruane and 

Jiaheng Zhangc,d,*

aSchool of Pharmacy, Guangzhou Huali College, Guangzhou, 511325, China.
bSauvage Laboratory for Smart Materials, Harbin Institute of Technology (Shenzhen), 

Shenzhen 518055, P. R. China.
cResearch Centre of Printed Flexible Electronics, School of Materials Science and 

Engineering, Harbin Institute of Technology (Shenzhen), Shenzhen 518055, P. R. 

China.
dResearch and Innovation Laboratory, Better Way (Shanghai) Cosmetics Co., Ltd. 

Shanghai 201400, P. R. China. 

eShenzhen Shinehigh Innovation Technology Co., Ltd. Shenzhen 518055, P. R. China.
#These authors contributed equally to this work.

E-mail: zhangt@mistinechina.com (Tao Zhang) 

zhangjiaheng@hit.edu.cn (Jiaheng Zhang)

Supplementary Information (SI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2026

mailto:zhangt@mistinechina.com
mailto:zhangjiaheng@hit.edu.cn


S2

Figure S1. 1H NMR spectra of 4-butylpyrocatechol (BR), licochalcone A (LicoA), 

vitamin E acetate (VE) and supramolecular BR-LicoA-VE.

Figure S2. 13C NMR spectrum of supramolecular BR-LicoA-VE.
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Figure S3. NOESY spectrum of supramolecular BR-LicoA-VE.

Figure S4. FTIR spectra of BR, LicoA, VE and supramolecular BR-LicoA-VE.
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Figure S5. (a) TGA and (b) DSC images of BR, LicoA, VE, and supramolecular BR-

LicoA-VE. 

Figure S6. The stability of BR and supramolecular BR-LicoA-VE after 28 days of 

storage at (a) room temperature (25℃) and (a) under illumination conditions.

Figure S7. Relative fluorescence quantitative plots of (a) BR and (b) LicoA transdermal 

penetration of in supramolecular BR-LicoA-VE for 24h. (n=6; *p < 0.05, **p < 0.01 

and n.s. represent no significance).
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Figure S8. Cell viability of supramolecular BR-LicoA-VE in different concentrations 

(n=6; *p < 0.05 and **p < 0.01).

Table S1. Experimental results of the supramolecular BR-LicoA-VE patch test

Number of people with different skin 

reactions in the patch test a

Group Number of 

subjects

Observation 

time

0 1 2 3 4

0.5 34 0 0 0 0

24 34 0 0 0 0

Control 34

48 34 0 0 0 0

0.5 34 0 0 0 0

24 34 0 0 0 0

BR 34

48 34 0 0 0 0

LicoA 34 0.5 34 0 0 0 0

24 34 0 0 0 0

48 34 0 0 0 0
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VE 34 0.5 34 0 0 0 0

24 34 0 0 0 0

48 34 0 0 0 0

34 0.5 34 0 0 0 0

24 34 0 0 0 0

Supramolecular 

BR-LicoA-VE

48 34 0 0 0 0

a: 0 represents a negative reaction, 1 represents an able reaction, only weak erythema, 2 represents 
a weak positive reaction, erythema reaction, 3 represents a strong positive reaction, herpes reaction, 
4 represents an extremely strong positive reaction, fusion herpes reaction.

Table S2. Binding energy of supramolecule BR-LicoA-VE to proteins

Binding energy (kcal/mol)Group
TYR ET-1 mTOR MITF

BR -5.095 / / /
LicoA / -7.388 / /
Supramolecular BR-LicoA-VE -8.024 -8.404 -8.531 -5.433

Figure S9. Three-dimensional structural diagram of (a) tyrosinase protein, (b) 
endothelin-1 protein, (c) mammalian target of rapamycin (mTOR) protein, (d) 
microphthalmia-associated transcription factor (MITF) protein.
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Table S3. Experimental results of the supramolecular BR-LicoA-VE formula patch test

Number of people with different skin 

reactions in the patch test a

Group Number of 

subjects

Observation 

time

0 1 2 3 4

0.5 34 0 0 0 0

24 34 0 0 0 0

Control 34

48 34 0 0 0 0

0.5 34 0 0 0 0

24 34 0 0 0 0

BR formula 34

48 34 0 0 0 0

PR formula 34 0.5 34 0 0 0 0

24 34 0 0 0 0

48 34 0 0 0 0

34 0.5 34 0 0 0 0

24 34 0 0 0 0

Supramolecular 

BR-LicoA-VE 

formula
48 34 0 0 0 0

a: 0 represents a negative reaction, 1 represents an able reaction, only weak erythema, 2 represents 
a weak positive reaction, erythema reaction, 3 represents a strong positive reaction, herpes reaction, 
4 represents an extremely strong positive reaction, fusion herpes reaction.
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Figure S10. (a) Positive white light diagram and (b) brown spot diagram of the skin 

after 0 and 28 days of use of the sample. (n=12; *p < 0.05 and **p < 0.01).


