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Table S1. Fittings of DOX release kinetics of cubosomes in buffer with pH of 5.5 and 7.4 using mathematical models. 

1st Order Model pH Parameters  R2  R2 Adjusted  

Fmax(1 – 𝑒−𝑘𝑡) 

5.5  
Fmax = 23.3 ± 2.4 

k = 0.63 ± 0.24 
0.937 0.932 

7.4  
Fmax = 8.05 ± 0.8 

k = 0.88 ± 0.33 
0.912 0.906 

Weibull model      

Fmax(1 – 𝑒(−𝑐2𝑡𝑐3))  

5.5 

Fmax = 24.5 ± 2.7 

c2 = 0.60 ± 0.17 

c3 = 0.76 ± 0.24 

0.950 0.942 

7.4 

Fmax = 8.5 ± 0.9 

c2 = 0.78 ± 0.22 

c3 = 0.70 ± 0.25 

0.935 0.924 

Gallagher - Corrigan model     

Fmax(1 – 𝑒−𝑘1𝑥)+ (Fmax – Fb)(
𝑒−𝑘2𝑥−𝑘2𝑇𝑚𝑎𝑥

1 + 𝑒−𝑘2𝑥−𝑘2𝑇𝑚𝑎𝑥
)  

5.5 

Fmax = ~ -239.0 

Fb = 23.3 

Tmax = ~ -212.6 

k1 = 0.63 

k2 = ~ -4.94 

0.9370 0.9118 

7.4 

Fmax = ~ -2413709209 

Fb = 8.039 

Tmax = ~ -6587534350 

k1 = 0.8813 

k2 = ~ -124612968 

0.9124 0.87736 

𝒌 is the first-order release constant; 𝑭𝒃 is the amount of drug released directly from the surface of the nanosystem (during the initial 

burst); 𝑭𝒎𝒂𝒙 is the amount of drug released during the process; T𝒎𝒂𝒙 is the time in which the maximum release of the drug from the 

surface of the nanosystem occurs (after the initial burst) and 𝒌𝟏 and 𝒌𝟐 are release constants of first and second phase, respectively. 

  



 2 of 4 
 

 

  

Figure S1: Macroscopic changes in DOX-LNLCs: M3 by direct-mixing loading method over 4 weeks. (A) After preparation of formu-

lation; (B) After 4 weeks storage at 25°C. 
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Figure S2: Encapsulation efficiency (EE%) and drug loading (DL%) of DOX-LNLCs by different loading methods. Pink data repre-

sents the DOX-LNLCs (LNLCs prepared by M2 are lighter pink, while M3 is darker). The data were expressed as mean ± standard 

deviation of three independent measurements. 
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Figure S3: Thermodynamic study of phase transition temperature of the empty-LNLCs: M3 (yellow data) or the DOX-LNLCs: M3 

(pink data) obtained by DLS method by the measurement of mean count rate as a function of temperature (A and C) or by DSC by 

the measurement of heat flow into or out of a sample as a function of temperature (B and D).  

 

The DLS thermodynamic characterization of empty-LNLCs: M3 showed a first tran-

sition between 35 and 40 °C and a second transition phase beginning at 50 °C and occur-

ring at about 62 °C (Figure S3A). According to the X-ray diffraction studies performed by 

Wörle et al., the first transition at 35–40 °C may be between a cubic P-type phase to a 

coexistence of a P- and D-type phase, whereas the second transition may be a transition 

to a D-type phase [67]. Another possibility reported by other authors in LNLCs with 20% 

(w/w) of P407 is that the cubic crystal is gradually transformed into a hexagonal liquid 

crystal when the temperature exceeded 60 °C [68]. Therefore, the second phase transition 

detected in the DLS measurements for empty-LNLCs: M3 may also be attributed to this 

transition. In fact, DSC measurements (Figure S3B) corroborate this second assumption. 

Unlike the GMO, which has no clear endothermic peak, the thermogram of P407 (data not 

shown) has an endothermic peak at 56 °C [69]. It is worth noting that the phase transitions 

between different types of cubic phases at 35–40 °C observed by DLS and reported by X-

ray diffraction studies [67] were not distinguishable in the DSC measurements performed 

herein and in none of the reported DSC measurements [49,68–70]. This is due to the dif-

ferent sensibilities of the techniques used, as DSC only detects major transitions, whereas 

X-ray diffraction studies and DLS can detect subtle changes. 
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Figure S4: Evaluation of in vitro cytotoxicity of LNLCs: M3 containing DOX (0.98 mg/mL) on HDFn, MDA-MB-231, HepG2 and 

NCI-H1299 cell lines as a function of DOX concentration and incubation time (24 and 48 hours). Yellow data are the empty-

LNLCs: M3 obtained by the emulsification method; pink data represents the DOX-LNLCs; and red data are the free DOX (0.98 

mg/mL). The data were expressed as mean ± standard deviation of three independent experiments. 
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