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Background

Excessive unprotected exposure to solar ultraviolet (UV) radiation, particularly in

UVA range (320–400 nm), is known to induce cellular reactive oxygen species

(ROS) generation in the skin. Most mammalian cells possess defensive systems in

the form of antioxidant enzymes such as superoxide dismutase and catalase,

however, UVA mediates release of cellular iron from stores into highly reactive free

or labile iron which further worsens the oxidative stress thus in sum overcoming the

cellular defences. These effects persist long after exposure and can result in short

and long term detrimental effects ranging from premature skin ageing to initiation of

melanoma and non-melanoma skin cancers. Naturally occurring antioxidant

molecules such as the polyphenol curcumin represent an interesting means of

countering cellular oxidative damage but their potential can be limited by i) poor

stability and activity ii) lack of absorption/penetration into the skin. Strategies to

overcome these issues have included formulation science approaches such as the

use of liposomal or polymer based delivery systems. Many of these systems

however use synthetic ingredients limiting their use in cosmeceutical and

nutraceutical products that require a natural claim.

Study objectives:

This study aimed to formulate novel nanocarrier delivery systems for antioxidant

nutraceuticals using natural source vegetable origin biopolymers and examine their

ability to counteract iron induced cellular oxidative stress in a model in vitro skin cell

line.

Methods

Nanocarriers entrapping the antioxidant curcumin (CU) were prepared using

protein-polysaccharide biopolymers (potato protein – PP, potato dextrin - PD)

under optimised conditions by an in-house modified thin film hydration method

alongside corresponding unloaded (blank - BL) formulations. Particle size was

determined by dynamic light scattering and morphology was assessed by

transmission electron microscopy. Loading efficiency was assessed by a UV

based quantification method. In vitro assessments were conducted using the

human skin keratinocyte cell line HaCaT. A tetrazolium dye based cytotoxicity

assay was conducted to evaluate the potential toxic effects of the formulations

and an optimised cellular antioxidant activity (CAA) assay using varying levels of

ferrous iron as a pro-oxidant was designed to assess nanocarrier antioxidant

activity and ability counteract iron induced cellular oxidative stress in skin cells.

Results

All formulations demonstrated high curcumin entrapment efficiency (>80%) and

retained spherical morphology. Nanocarrier size was measured to be < 200nm.

No cytotoxicity was observed with cell viability for nanocarriers ≥90% (n=6; P≤

0.05) compared to control. Both carrier systems exhibited higher CAA under

conditions of iron induced cellular oxidative stress as compared with curcumin

alone at the highest oxidant concentration of 200M iron. PP-PD-CU exhibited

15.3% higher CAA activity than PP-CU and 65% higher than free curcumin

(P≤0.001).

Key Point Summary

This study demonstrates for the first time the development of novel vegetable origin biopolymer based antioxidant nanocarriers. 

Our results highlight the ability of these carrier systems to stabilise and deliver natural antioxidants to the skin to counter cellular oxidative stress.

Vegetable origin biopolymer nanocarriers can provide an attractive approach for enhancing nutraceutical based anti-ageing, sun protection, and active cosmetic skin care 

products. with potent antioxidants in a stable and well absorbed form while retaining a natural claim.
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Antioxidant potential of nanocarrier

formulations and their ability to

counteract iron induced cellular

oxidative stress in skin cells was

compared by carrying out a cellular

antioxidant assay (CAA) using varying

levels of ferrous iron as a pro-oxidant

(*P<0.05, ***P<0.001).

3. Potato protein nanocarriers facilitate enhanced cellular antioxidant activity 

2. Potato protein nanocarriers maintain cell viability  

Nanocarriers entrapping the

nutrient (NF) and

corresponding blank (NFb)

were prepared using protein-

polysaccharide biopolymers

by an in-house method.

4. Potato protein nanocarriers have nanometre dimensions

1. Our nanoformulation approach for skin delivery

Naturally occurring antioxidants such as curcumin are limited by i) poor

stability and activity ii) lack of absorption/penetration into the skin.

Nanotechnology based formulations (nanocarrier formulations) can help

preserve beneficial characteristics of a substance while enhancing

absorption and potency in humans.

We use natural food based biomaterials (e.g. food proteins) as

encapsulating material for nutrients for the following reasons:

Novel potato protein nanocarriers

formulated with or without the

polysaccharides dextrin

demonstrated cellular antioxidant

activity higher than free curcumin

against the highest concentration

of ferrous iron (200 µM) as a pro-

oxidant.

Electron microscopy images

illustrate that nutrient loaded

potato protein nanocarriers

have smooth and spherical

morphology and nanometre

size dimensions.

Novel potato protein

nanocarriers formulated with or

without the polysaccharide

dextrin demonstrated no

cytotoxicity in HaCaT cells,

maintaining cell viability ≥90%.

4. Potato protein nanocarriers have nanometre dimensions2. Potato protein nanocarriers are non-toxic to skin cells

Cytotoxicity was assessed in

curcumin (Cu) loaded potato

protein (NF1), potato protein-

dextrin (NF2) and corresponding

unloaded nanocarriers (NF1b &

NF2b) at 48h.

 Safe, relatively inexpensive, and in

use in the food industry.

 Protection of ‘entrapped’ cargo from

reacting with external environment

(e.g. humidity, light) and internal

conditions.

 High cellular absorption and

potency.
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