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It is well known that premature aging, the development of carcinogenesis and depigmentation is enhanced by the

excessive and recurrent production of reactive oxygen species in the skin (Ahmad,2017; Baumann, 2009; Chen, Li

& Li, 2021; Narendhirakannan & Hannah, 2013). Natural products like curcumin, resveratrol and piperine are

some phytochemicals with antioxidant properties which may be beneficial for the prevention or treatment of these

skin conditions (Aziz, Afaq & Ahmad, 2005; Shabeeb, Musa, Abd & Najafi, 2020; Verma et al., 2017). However,

due to the fact that they are photosensitive compounds, chemically unstable and/or have low aqueous solubility,

they have been formulated in different carriers, including nanostructured lipid carriers (NLC) (Alshehri, Haq &

Shakell, 2018; Sandhir, Yadav, Sunkaria & Singhal, 2015). NLC are a type of lipid nanoparticles, made up of a

mixture of liquid and solid lipids, which generates an imperfect matrix that allows a high encapsulation rate of

active substances (Naseri, Valizadeth & Zakeri-Milani, 2015). The use of such nanocarriers has many advantages

such as drug protection, controlled drug release, enhanced drug bioavailability, and improved skin penetration and

deposition (Ghasemiyeh & Mohammadi-Samani, 2020).

The combination of curcumin or resveratrol with piperine, known also for acting as a penetration enhancer (Lee,

Kim, Back & Han, 2018), constitutes an interesting alternative to improve the appearance of depigmented skin.

The above data prompted us to propose the preparation of NLC including mixtures of resveratrol-piperine and

curcumin-piperine. This work aimed to: (i) prepare NLC loaded with resveratrol and curcumin, alone or combined

with piperine, by the high-shear homogenization method; and (ii) characterize the obtained formulations by

determining particle size (PS), polydispersity index (PDI), encapsulation efficiency (EE), loading capacity (LC) and

thermal profile.

NLC containing resveratrol and curcumin, alone or combined with piperine were successfully prepared. The most

stable NLC formulation was achieved with glyceryl monostearate and PEG-8 caprylic/capric glycerides (ratio of

95:05, respectively) at 2% of total lipids, and using Ceteth-20 (3%) as surfactant. NLC showed a unimodal particle

size distribution, a PDI <0.3, and a PS < 50 nm that could facilitate its penetration into the skin. The formulations

developed in this work showed good technological characteristics, to be tested as systems for the topical release

of curcumin-piperine and resveratrol-piperine with potential antioxidant application
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Figure 1. Solubility of resveratrol, curcumin and piperine in different liquid lipids (A) and solid lipids (B)

Lipids
(1-2%)

PS (nm) PDI EE (%) LC (µg/mL)

NLC 42 ± 1.52 0.184 ± 0.006 - -

R-NLC 48 ± 1.15 0.200 ± 0.009 97.10 ± 1.07 4.72 ± 0.19

C-NLC 43 ± 0.57 0.180 ± 0.013 97.67 ± 0.74 5.11 ± 0.15

R-P-NLC 45 ± 2.0 0.186 ± 0.02

95.11 ± 3.74 (R)

92.18 ± 1.87 (P)

5.27 ± 0.19 (R)

4.35 ± 0.71 (P)

C-P NLC 40 ± 0.57 0.193 ± 0.011

95.07 ± 1.68 (C)

90.34 ± 1.53 (P)

5.07 ± 0.20 (C)

4.25 ± 0.41 (P)

Table 1. Characteristics of the prepared NLC loaded with resveratrol (R), 

curcumin (C) and piperine (P). Particle size (PS); polydispersity index (PI); 

entrapment efficiency (EE) and loading capacity (LC).  Results are 

displayed as mean ± SD (n=3).

Figure 2. DSC thermograms of resveratrol-loaded NLC (R-NLC) (A), curcumin-loaded NLC (C-NLC) (B), resveratrol-piperine-loaded 

NLC (R-P-NLC) (C) and curcumin-piperine-loaded NLC (C-P-NLC) (D), its individual components (i.e., Ceceth-20, glyceryl 

monostearate (GMS) and the phytochemicals) and its corresponding physical mixture (PM).

PEG-8 caprylic/capric glycerides and glyceryl monostearate were selected for the formulation of the NLC.

The most stable systems (2 weeks) were prepared with Ceteth-20 (3%), employing 2% of total lipid, in a

ratio of 95:05 (solid lipid:liquid lipid).
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