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The exposure of hepatocytes to high concentrations of glucose results in a glucotoxic environment and ensu­

ing hepatocellular injury, often due to oxidative stress. The popularly consumed herbal tea, Rooibos (Aspala­

thus linearis), demonstrates pleiotropic pharmacological and antioxidant activities. Our study investigated 

the molecular events regulating the antioxidant effects of a Rooibos ethanolic extract (REE) in a glucotoxic 

HepG2 liver cell model. It is hypothesized that REE enhances antioxidant enzyme profiles of HepG2 cells 

exposed to high glucose to attenuate glucotoxic damage. Glucotoxicity was induced by treating the cells 

with 25 mM glucose. For this study, colorimetric, luminometric and western blot analyses were used to 

determine the potential of the REE to reduce biomarkers associated with oxidative damage and its potential 

to enhance the intracellular antioxidant defense system. The REE was found to be hepatoprotective as evi­

denced by reduced levels of oxidative damage biomarkers ( MDA and protein carbonylation) and enhanced 

antioxidant capacity under glucotoxic conditions as evidenced by elevated GSH ( reduced form). We also 

observed decreased intracellular hydrogen peroxide levels and caspase activity in the REE treated cells and 

further showed that the REE enhanced SOD2, CAT, and GPxl protein expression. These effects were depen­

dent on the transcriptional activity of NRF2. Collectively, our results show that the REE enhances the cellular 

antioxidant defense capacity and may provide a relevant supportive therapeutic option for treating diabetic 

complications associated with oxidative stress. 

1. Introduction

The increase in macronutrient availability and caloric intake, sur­

plus to physiological requirements, are considered as etiological driv­

ers of diabetes progression (Taylor, 2016; Dendup et al., 2018). 

Diabetes and its multitude of accompanying complications is associ­

ated with hyperglycaemia and consequent glucotoxicity in many tis­

sues. Markers for mitochondrial dysfunction, elevated production of 

reactive oxygen species (ROS) and lipid peroxidation have been 

observed in the liver of Zucker rats with type 2 diabetes (T2DM) 

(Raza et al., 2015) and T2DM patients (Maiese, 2015). Strong evidence 

has indicated that oxidative stress plays a major role in the pathologi­

cal processes of T2DM (Henriksen et al., 2011; Tangvarasittichai, 

2015) and the development of diabetic complications (Kawahito 

et al., 2009). 

A central mechanism in the cellular defense against the induced­

oxidative stress is the activation of the nuclear factor erythroid 2p45-

related factor 2 (NRF2) antioxidant response element (ARE) signaling 
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pathway, which regulates the expression of genes whose protein 

products are responsible for elimination of ROS by enhancing cellular 

antioxidant capacity (Nguyen et al., 2009). Stimulation of NRF2 anti­

oxidant pathways suppresses oxidative stress and protects tissue 

against diabetes-mediated oxidative damage (Uruno et al., 2015). 

There is growing appreciation that the simultaneous targeting of 

hyperglycaemia and oxidative stress may present a viable strategy to 

ameliorate cell injury which is commonly observed in the diabetic 

state Oohansen et al., 2005; Erejuwa, 2012; Mohamed et al., 2016). 

Many countries rely on the socio-cultural relevance of ethnophar­

macology to meet their primary healthcare needs (Leonti, 2013; Cor­

dell, 2014). There is a growing interest to assess the botanical 

resources of Southern Africa, and screen indigenous plants for phar­

macologically active compounds as novel drug candidates (Douwes 

et al., 2008; Rybicki et al., 2012). The plant, Aspalathus linearis (Burm. 

f.) R.Dahlgren, Fabaceae, commonly referred to as Rooibos, is endemic 

to the Cederberg region of South Africa (Malgas et al., 2010). Rooibos 

is commonly consumed as an herbal tisane and its potential as a phy­

topharmaceutical has been expanded to intermediate value-added 

products such as extracts for the nutraceutical and cosmeceutical 

markets, owing to its unique composition of phytochemicals and bio­

active properties Ooubert et al., 2011). Rooibos is well-known for its 

antioxidant (AO) activity (Villano et al., 2010; Breiter et al., 2011; 




























