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Table S1. HOMO, LUMO and IP energies calculated at the B3LYP/6-311++G** level of theory, and scavenging 
activity on DPPH radical. 

Comp. Structure 
EHOMO 

(eV) 

ELUMO 

(eV) 

Egap 

(eV) 

IP(Oa) 

(eV) 

IP(Eb) 

(eV) 

Scavenging 

activity on 

DPPH c (μM) 

Aloe-emodin (2) 
 

-6.6 -3.11 3.48 6.6 0.29 222 [150] 

Aloesone 
 

-6.67 -1.06 5.07 6.67 0.30 351 [150] 

Isoeleutheol 

 

-5.97 -1.88 4.09 5.97 0.23 217 [151] 

HOMO, highest occupied molecular orbital; LUMO, lowest unoccupied molecular orbital; IP, ionization potential; 
Oa, orbital consideration (orbital-vertical); Eb, energy consideration (energy-vertical); DPPHc, Trolox equivalents. 
 

Table S2. The BDE value of free radical species (1-OH, 3-OH, and 8-OH) of emodin (1). 

 Calculating method BDE (kJ·mol-1) 

1-OH B3LYP/6311++ G** 412.25 

3-OH B3LYP/6311++ G** 371.12 

8-OH B3LYP/6311++ G** 408.57 

BDE: bond dissociation enthalpy. 

 

Table S3. ΔBDE, ΔPDE, and ΔIP values of OH groups in purpurin (10) (relative to phenol). 

 ΔBDE (kJ/mol) ΔPDE (kJ/mol) ΔIP (kJ/mol) 

 1-OH 2-OH 4-OH 1-OH 2-OH 4-OH 

Pgas -16.85 -25.39 -47.81 84.51 102.61 29.66 -51.81 

Ppcm 1.32 -10.67 -27.04 -223.08 -231.83 -198.48 -10.65 
All theoretical values refer to phenol calculated with the same method.  
BDE, bond dissociation enthalpy; PDE, proton dissociation enthalpy; IP, ionization potential; pcm, polarizable 
continuum solvation mode. 

Table S4. The pharmacokinetic parameters of anthraquinones in dogs (Feng et al., 2014; Wang et al., 2021). 

Comp. Cmax (μg/ml) Tmax (h) AUC0-∞ (mg h/l) 

Emodin (1) 0.27–0.48 0.75–1.42 1.38–4.05 

Aloe-emodin (2) 0.03–0.45 0.75–1.55 0.35–1.61 

Rhein (3) 1.44–3.39 0.71–1.50 4.24–35.1 



Physcion (4) 0.03 2.00 0.41 

Chrysophanol (5) 0.03–0.30 1.00–2.00 0.43–0.83 

Cmax, peak concentration; Tmax, peak time; AUC, area under the curve. 

 

Table S5. Radical scavenging activity of hydroxyanthraquinones (Cai et al., 2004). 

Hydroxyanthraquinones Structure Equivalent antioxidant 

activity values 

1 

 

0.172 ± 0.002 mM 

2 

 

0.173 ± 0.001 mM 

3 

 

0.174 ± 0.001 mM 

4 

 

0.171 ± 0.002 mM 

5 

 

0.170 ± 0.001 mM 

10 

 

1.680 ± 0.009 mM 

11 

 

1.019 ± 0.008 mM 

12 

 

1.216 ± 0.011 mM 

 


