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Figure S1. FTIR spectra of HA, ECT, and supramolecular HA-ECT.

Figure S2. 13C NMR spectrum of supramolecular HA-ECT.
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Figure S3. (a) TGA and (b) DSC images of HA, ECT, and HA-ECT. 

The key resonance peak assignments of 1H NMR in the DMSO-d6 solvent system 

are shown in Table S1 (using the experimental group spectrum as an example), as 

shown in Figure S4. The experimental group samples generated an additional signal at 

9.02 ppm, which was not a broad single peak characteristic of carboxyl groups but 

closer to the double peak of NH in HA, and still existed after water peak suppression 

(Figure S4). Therefore, based on its chemical shift, it is inferred that it belongs to the 

NH of HA, and from this, it was inferred that there are intramolecular or intermolecular 

hydrogen bonding interactions related to the NH of HA in the experimental group [1, 2].

Figures S5a-d show that the 1H NMR spectra of two groups of samples were first 

collected in a DMSO-d6: H2O: D2O=10:1:1 solvent system. The attribution of key 

resonance peaks is shown in Table S2 (using the experimental group spectrum as an 

example), and the spectral results are shown in Figure S5. In the new solvent system, 

the chemical shift of NH in ECT changed significantly, from 3.22 ppm to 9.38 ppm. 

The main difference between the experimental group and the mixed control group in 
1H NMR was also reflected in the NH of ECT. In the experimental group, NH=in ECT 

showed a broad single peak; In the mixed control group and ECT control group, the 

peak of the hydrogen spectrum was a sharper single peak. The change in peak shape 

reveals changes in intra - or inter-molecular interactions.

Based on 1H NMR, two-dimensional NOESY spectra were further collected from the 

experimental group and the mixed control group. As shown in Figure S5e-f, the 

difference between the experimental group and the mixed control group reappears on 
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the cross peak generated by NH in HA. In the two spectra, from top to bottom, the NH 

of HA generates 5 types of cross peaks. The first type of cross peak was the correlation 

signal between NH of two types of HA and CH2 of ECT or CH3 of HA, the second type 

of cross peak was the correlation signal between NH of two types of HA and CH3 of 

ECT, the third type of cross peak was the correlation signal between NH in HA and 

CH2 in ECT, the fourth type of cross peak was the correlation signal between NH of 

HA and CH of HA's sugar skeleton, the fifth cross peak was the correlation signal 

between NH of HA and CH of ECT [1-4]. It can be observed that the relevant signals in 

the experimental group are generated between the NH of HA and the proton of ECT, 

while the relevant signals in the control group are generated between the HN of HA and 

the proton in HA. Based on the above information, a new intermolecular interaction has 

been formed between HA and ECT in the experimental group, and hydrogen bonds 

were formed between the NH of HA and the N or O atoms of ECT.

Figure S4. 1H NMR spectrum of (a) supramolecular HA-ECT, (b) physical mixing 

HA+ECT, and (c) sodium hyaluronate in DMSO-d6 solvent system.
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Table S1. The attribution positions of key resonance peaks in the 1H NMR spectrum 

of the DMSO-d6 solvent system

Position δH Position δH

CH2-1 1.68-1.79 ppm, m CH3 1.79-1.89 ppm, m

CH2-2 1.96-2.06 ppm, m OH 6.56-6.70 ppm, m

CH3 2.12 ppm, s NH
7.92 ppm, d, J = 7.7 Hz 

＆ 8.00 ppm, d, J = 7.7 

Hz ＆ 8.94-9.10 ppm, m

NH 3.23 ppm, t, J = 5.0 Hz

CH
3.53 ppm, dd, J = 4.8 Hz, 

7.5 Hz

ECT

COOH 9.38 ppm, bs

HA
CH 3.26-4.50 ppm, m

Figure S5. 1H NMR spectra of (a) supramolecular HA-ECT, (b) HA, (c) ECT, and (d) 

physical mixing HA+ECT in DMSO-d6: H2O: D2O=10:1:1 solvent system. NOESY 

spectra of (e) physical mixing HA+ECT and (f) supramolecular HA-ECT in DMSO-d6: 

H2O: D2O=10:1:1 solvent system.

Table S2. The attribution positions of key resonance peaks in the 1H NMR spectrum 
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of DMSO-d6: H2O: D2O=10:1:1 solvent system

Position δH Position δH

CH2-1 1.79-2.07 ppm, m CH3 1.81-1.93 ppm, m

CH2-2 3.10-3.37 ppm, m OH 6.77-7.04 ppm, m

CH3 2.14 ppm, s NH 8.00-8.52 ppm, m

NH 9.46 ppm, s

CH 3.74 ppm, s

ECT

COOH 9.30 ppm, bs

HA
CH 2.98-4.59 ppm, m

Figure S6. TEM image of physical mixture HA+ECT. 

Figure S7. The cumulative amount of HA and HA-ECT percutaneous penetration. 

(n=6; *p < 0.05, **p < 0.01, ***p < 0.001, and n.s. represents no significant difference).
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Figure S8. FTIR spectra of the skin before and after percutaneous penetration of (a) 

PBS, (b) ECT, and (c) supramolecular HA-ECT.

Figure S9. Cell viability of supramolecular HA-ECT and physical mixture HA+ECT 

to (a) HaCaT and (b) HSF cells at different concentrations.

Table S3. Experimental results of supramolecular HA-ECT patch test

Number of people with different skin reactions 

in patch test a

Group Number of 

subjects

Observation 

time

0 1 2 3 4

0.5 30 0 0 0 0

24 30 0 0 0 0

Control 30

48 30 0 0 0 0

0.5 30 0 0 0 0ECT 30

24 30 0 0 0 0
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48 30 0 0 0 0

HA-ECT 30 0.5 30 0 0 0 0

24 30 0 0 0 0

48 30 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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