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Background: The progressive increase in hepatic fat content leads to non-alcoholic fatty liver disease (NAFLD), recognized as 
the hepatic manifestation of insulin resistance and metabolic syndrome, which can subsequently be accompanied by hepatic 
inflammation leading to non-alcoholic steatohepatitis (NASH), fibrosis and in more severe cases at cirrhosis and hepatocellular 
carcinoma. Despite NASH is rapidly emerging as a major public health problem, currently, no approved drug therapy exists.  
Bergamot is an endemic plant growing in Calabria (Southern Italy), whose fruit juice is enriched with flavonoids and phenolic 
compounds, which improves dyslipidemia and markers of systemic inflammation in patients with Metabolic Syndrome. Although 
different mechanisms have been proposed to explain the possible role of polyphenols in preventing NAFLD, no evidence exists 
regarding molecular mechanisms able to counteract the degeneration of steatosis to NASH. The aim of this study was to 
perform a preclinical “proof of concept” study of Bergamot polyphenolic formulation (BPF99®) for the treatment of NASH.

Methods: A disease reversal study was performed in the diet-induced animal model of NAFLD (DIAMOND). Groups of 8weeks 
old mice were randomly assigned to receive a chow diet or high fat diet with sugar in drinking water (Western diet (WD)). 
Mice on WD were further randomized to continue on WD, gavaged with vehicle (i.e. water) or continue on WD with additional 
gavage of BPF99® (50 mg/kg) after 16weeks of diet. Mice were euthanized after 11additional weeks. The effect of BPF on 
glucose tolerance and insulin sensitivity was assessed by glucose tolerance test (GTT) and insulin tolerance test (ITT). We tested 
the effect of BPF99® on liver enzymes, dyslipidemia, markers of oxidative stress and molecular markers of disease activity and 
fibrosis. Liver steatosis and inflammation were evaluated using hematoxylin/eosin stain, while fibrosis was assessed using Sirius 
Red stains. The degree of steatosis, inflammation and hepatocellular ballooning were assessed using the NASH CRN and SAF 
score. The index  of  the  oxidative  stress  was  evaluated  by  assessing  serum  lipid  peroxidation  product malondialdehyde  
(MDA) and serum   total   antioxidant   status   (TAS).   The effects of BPF® on lipogenic, inflammatory and pro-apoptotic 
pathways were assessed by western blot analysis.

Results: Treatment of WD SW-fed mice with 50mg/kg/d BPF® significantly improved glucose tolerance (p<0.05vs vehicle) and 
insulin resistance (p<0.05vs vehicle).  BPF99® reduced ALT (mean 71.6vs 44.6IU/l, p< 0.01), triglycerides (38.8vs 28.1mg/dl, 
p< 0.05), LDL-C (39.2vs 23.7mg/dl, p< 0.001). It significantly improved NASH resolution (p< 0.001) and the SAF scores (p< 
0.05) while the NAS improvement approached significance. BPF99® reduced markers of oxidative stress, along with reduced 
JNK and p38MAP kinase activity. Finally, BPF99® significantly reduced PARP expression levels in mice with NASH. BPF99® 
did not reduce the number of mice with fibrosis but improved collagen proportional area (p<0.04) and procollagen I and III 
expression.
 
Conclusions: Favouring liver protection against fibrosis, BPF99® resolves NASH and ameliorates key histological and 
pathophysiological features of NASH. All these effects were mediated by the modulation of MAPKs and PARP-1, along with 
improvement in ALT and dyslipidemia in mice fed a hypercaloric diet.


