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Background: Non-alcoholic fatty liver disease is the most common cause of liver-related morbidity and mortality in the world. However, no effective pharmacological treatment for this condition has been found.

Purpose: This study evaluated the effect of a nutraceutical containing bioactive components from Bergamot citrus and wild cardoon as a treatment for individuals with fatty liver disease. The primary outcome measure was the change in liver fat content.

Methods: A total of 102 patients with liver steatosis were enrolled in a double-blind placebo controlled clinical trial. The intervention group received a nutraceutical containing a Bergamot polyphenol fraction and Cynara Cardunculus extract, 300 mg/day for 12 weeks. The control group received a placebo daily. Liver fat content, by transient elastography, serum transaminases, lipids and glucose were measured at the baseline and the end of the study.

Results: We found a greater liver fat content reduction in the participants taking the nutraceutical rather than placebo (−48.2 ± 39 vs. −26.9 ± 43 dB/m, p = 0.02); The percentage CAP score reduction was statistically significant in those with android obesity, overweight/obesity as well as in women. However, after adjustment for weight change, the percentage CAP score reduction was statistically significant only in those over 50 years (44 vs. 78% in placebo and nutraceutical, respectively, p = 0.007).

Conclusions: This specific nutraceutical containing bioactive components from Bergamot and wild cardoon reduced the liver fat content during 12 weeks in individuals with liver steatosis over 50 years. If confirmed, this nutraceutical could become the cornerstone treatment of patients affected by liver steatosis.

Clinical Trial Registration: www.isrctn.com, identifier ISRCTN12833814.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is becoming the leading cause of liver damage in Western countries (1). NAFLD is a serious concern because the incidence of hepatocellular carcinoma associated with NAFLD has increased 10-fold in the past decades (2). Despite the genetic heri-tability predisposition to progressive NAFLD (3), the factors leading to the progression from simple liver steatosis to severe liver scarring and cirrhosis are not fully clear. Several studies have shown that inflammatory markers, such as Tumor Necrosis Factor alpha (TNF-α) and other cytokines, play an important role in the pathogenesis of the NAFLD (4). Oxidative stress is one of the key mediators of hepatic damage (5). Additional factors involved in the pathogenesis of NAFLD are obesity and obesity-related metabolic disorders (6, 7). Furthermore, it has been demonstrated that an impaired lipophagy can lead to excessive tissue lipid accumulation making this pathway a new potential therapeutic target in NAFLD (8).

There are currently no approved drugs to treat patients with fatty liver disease. The cornerstone of NAFLD treatment is lifestyle intervention and weight loss (9). Although most of the data on this issue are inconclusive, many dietary natural compounds isolated from fruits and vegetables have been proposed as promising agents capable of reversing hepatic steatosis (10). It has been demonstrated that Bergamot (Citrus bergamia Risso et Poiteau) flavonoids, in the form of Bergamot polyphenol fraction (BPF) supplementation, are able to stimulate lipophagy and prevent pathogenic fat accumulation in diet-induced NAFLD rats (11). Hesperidin, one of these flavonoids, prevents several form of liver damage (12, 13) as well as hepatocarcinogenesis (14).

However, molecules that have choleretic properties could offer additional benefits in the treatment of liver steatosis. Wild cardoon (Cynara cardunculus L., the wild ancestor of the globe artichoke) extracts are rich in sesquiterpenes such as cynaropicrin, which possess significant choleretic proprieties thereby improving liver function (15). Bergamot polyphenols do not seem to have a choleretic effect. Wild cardoon also possess anti-inflammatory proprieties (16–18).

Since currently we have no single ingredients working efficiently in NAFLD, the synergic effect of several natural molecules, which possess different proprieties, would represents an original approach in reducing the liver fat content.

In this study our aim was to test the effect of a new nutraceutical containing natural bioactive components from Bergamot and wild Cardoon, as a treatment for patients with liver steatosis.



MATERIALS AND METHODS


Subjects

We enrolled adult individuals invited by newspaper advertisements to be screened for the possible presence of liver steatosis by transient elastography (TE). A population of 102 subjects with NAFLD, aged between 30 and 75 and attending the Clinical Nutrition Unit of the “Mater Domini” Azienda Uni-versity Hospital in Catanzaro, Italy, were enrolled (study duration between February 11, 2019 and June 24, 2019), who were not taking nutraceuticals, supplements or functional food. Local ethical committee at the “Mater Domini” Azienda University Hospital approved the protocol (219/2018/CE, approved September 24, 2018) which was funded by Italian Ministry of University and Research (MIUR, Nutramed Project, PON 03PE000_78_1). The study is listed on the ISRCTN registry (study ID ISRCTN12833814).

According to the protocol of the study, we excluded subjects with past and current alcohol abuse [> 20 g of alcohol per day; 350 mL (12 oz) of beer, 120 mL (4 oz) of wine, and 45 mL (1.5 oz) of hard liquor each contain 10 g of alcohol], who had clinical and laboratory signs of chronic hepatitis B and/or C virus infection or allergies to cardoon, artichoke or maize or with triglycerides concentration over 250 mg/dl (19) and subjects affected by diabetes. Furthermore, we excluded individuals with autoimmune or cholestatic liver disease, liver cirrhosis, pregnancy, nephrotic syndrome, chronic renal failure, gastroesophageal reflux, cancer, and those taking amiodarone, antiretroviral agents, corticosteroids, methotrexate, tamoxifen, valproate, as ascertained from their clinical records. The study's protocol allowed to enroll only long-term lipid-lowering drugs users (more than 6 weeks).



Study Design

Patients were randomly assigned in a 1:1 ratio to receive either a nutraceutical from Bergamot and wild cardoon (abbreviated, BC) or a placebo for up to 12 weeks (Figure 1- Flow-chart of the study). Computer-generated random numbers were used for the simple randomization of subjects.
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FIGURE 1. Flow-chart of the study.


Eighty-six subjects completed the entire 12 weeks of the study. The study's treatments were as follows:

1. BC (provided by Herbal & Antioxidant SRL, Bianco, RC, Italy): one capsule containing a combination product containing bergamot polyphenolic fraction (BPF®), and wild type Cynara Cardunculus extract (CyC) plus excipients including PUFA and a mixture of bergamot pulp and albedo derivative]. (registered Patents RM2008A000615, PCT/IB2009/055061 and 102017000040866); (batch number 18R049, expiration date 10/2020).

2. Placebo: one capsule containing maltodextrin plus excipients including PUFA and a mixture of bergamot pulp and albedo derivative; (batch number 18R050, expiration date 10/2020).

In this study, the primary outcome measure was the change in liver fat content, measured as “controlled attenuation parameter” (CAP) by TE (Fibroscan), and/or other markers of fatty liver, after 12 weeks of treatment. Secondary outcomes were the changes from baseline in plasma lipids and inflammatory markers after 12 weeks of treatment.

Participants received oral and written recommendations to adhere to a Mediterranean dietary pattern, without energy restriction (except in the obese) by a registered dietitians (RD) (20). Y.F. enrolled the participants. A RD assigned participants to interventions. Both the experimenters and participants were blind to who received the nutraceutical or the placebo.

In order to create a negative energy balance, a 400–500 calorie restriction from baseline energy intake was prescribed for overweight/obese individuals.

Written informed consent was obtained from all participants. The investigation conforms to the principles outlined in the Declaration of Helsinki.

The product BC has been carried out according to EU Directive 2004/9/EC and Directive 2004/9/EC for Good Laboratory Practice Guidelines (GLP) as well as OECD Guidelines for Repeated Dose 28 and 90-day Oral Toxicity Study in Rodents.



Preparation of BC Formulation

The specification sheet with the most relevant active ingredients of BPF and CyC are reported in the supplementary material (Supplementary Figures 1, 2). Briefly, bergamot juice (BJ) was obtained from peeled-off fruits by industrial pressing and squeezing. The juice was oil fraction depleted by stripping, clarified by ultra-filtration and loaded on suitable polystyrene resin columns absorbing polyphenol compounds of MW between 300 and 600 Da (Mitsubishi). Polyphenol fraction was eluted by a mild KOH solution. Moreover, the phytocomplex was then neutralized by filtration on cationic resin at acidic pH. Finally, it was vacuum dried and minced to the desired particle size to obtain a powder. In particular, powder was micronized and co-grinded with bergamot albedo fibers when given alone or in combination. BPF powder was analyzed by HPLC for flavonoid and other polyphenol content. In addition, toxicological analyses were performed including heavy metal, pesticide, phthalate and sinephrine content which revealed the absence of known toxic compounds. Standard microbiological tests detected no mycotoxins and bacteria. The same procedure was used for the production of CyC extract. Fibers obtained by bergamot albedo were used micronized and co-grinded with plant extracts as excipients for final formulations. All materials were provided by HEAD srl (Bianco, Italy.) Finally, to obtain a formulation containing both extracts, 150 mg of BPF powder were combined with 150 mg of CyC and were encapsulated in capsules containing 300 mg of excipients represented by albedo fibers micronized and co-grinded with plant extracts (Seris srl, Cuneo, Italy). The final formulation contained 5% of cynaropicrin. Capsules containing 600 mg maltodextrin were prepared for placebo studies. All capsules were put into bottles containing 56 capsules (for 4 week) and packaged in color-coded plastic bags containing 4 bottles (for 16 weeks) for distribution to participants. All procedures have been performed according to the European Community Guidelines concerning dietary supplements (for toxicological reports and pharmacokinetic studies see Supplemental Material).




DIETARY INTAKE ASSESSMENT (SEE SUPPLEMENTAL TABLES 1, 2)


Liver Transient Elastography (TE)

CAP is a novel non-invasive measure of NAFLD. TE can quantify liver steatosis by CAP assessment and measure liver stiffness (Fibroscan® Echosense SASU, Paris, France) (21). Both CAP and stiffness score were obtained simultaneously and in the same volume of liver parenchyma. All patients were evaluated using the 3.5 MHz standard M probe on the right lobe of the liver through intercostal spaces with the patient lying supine and placing the right arm behind the head to facilitate access to the right upper quadrant of the abdomen. The tip of the probe transducer was placed on the skin between the rib bones at the level of the right lobe of the liver. All scans were performed by the same investigator. Liver stiffness was expressed by the median value (in kPa) of 10 measurements performed between 25 and 65 mm depth. Only results with 10 valid shots and interquartile range (IQR)/median liver stiffness ratio<30% were included. The cut-off value for defining the presence of fibrosis was liver stiffness >7 kPa.

We assessed CAP score using only the M probe because the CAP algorithm is specific to this device. Ten successful measurements were performed on each patient, and only cases with 10 successful acquisitions were taken into account for this study. The success rate was calculated as the number of successful measurements divided by the total number of measurements. The ratio of the IQR of liver stiffness to the median (IQR/MLSM) was calculated as an indicator of variability. The final CAP score (ranged from 100 to 400 decibels per meter (dBm–), was the median of individual measurements. The ratio of IQR in CAP values to the median (IQR/M CAP) was used as an indicator of variability for the final CAP. The diagnosis of NAFLD was based on a CAP > 216 dB/m. In order to identify each steatosis grade, three different cut-offs were used: CAP between 216 and 252 dB/m for the diagnosis of S1 grade, CAP between 253 and 296 dB/m for the diagnosis of S2 grade, and CAP > 296 dB/m for the diagnosis of S3 grade (severe) (22, 23).



Anthropometric Measurements and Cardiovascular Risk Factors Assessment

Body weight, BMI and waist and hip circumferences (WC and HC) were measured as previously described (20). Obesity was defined by the presence of a body mass index (BMI) ≥ 30 kg/m2.

We assessed the presence of the classical cardiovascular (CV) risk factors from clinical records and patient interview (20, 24, 25). Blood pressure was determined at the time of the three visits (20). The following criteria were used to define and exclude diabetes: fasting blood glucose ≥ 126 mg/dL or antidiabetic treatment (20). Metabolic Syndrome (MS) definition was based on the National Cholesterol Education Program's (NCEP) Adult Treatment Panel III report (ATP III). Individuals with at least three or more abnormalities were identified as having MS (26).

According to World Health Organization criteria (27), android obesity was defined as a Waist-hip-ratio (WHR) above 0.90 for males and above 0.85 for females.



Biochemical Evaluation

Venous blood was collected after fasting overnight into vacutainer tubes (Becton & Dickinson, Plymouth, England) and centrifuged within 4 h. Serum glucose, total cholesterol, high density lipoprotein (HDL)-cholesterol, triglycerides, creatinine, ALT, AST, GGT, and insulin were measured by chemiluminescent immunoassay on COBAS 8000 (Roche, Switzerland), according to the manufacturer's instructions. LDL- C level was calculated by the Friedewald formula (28).

Blood count analysis was performed using ADVIA 2120i (Siemens Healthcare Diagnostics, Marburg, Germany).

Homeostatic model assessment (HOMA) index was calculated for assessing β-cell function and insulin resistance (IR) from fasting glucose and insulin concentrations (29). The serum concentrations of interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor α (TNF-α) were determined by sandwich enzyme-linked immunosorbent assay (ELISA) (R&D Systems Inc., Minneapolis, USA) according to the manufacturer's instructions.



Safety Parameters and Adverse Events

We measured several parameters of general health such as blood pressure as well as serum glucose, creatinine, total bilirubin, and lipids.

We used a patient-reported outcome questionnaire for the measurement of adverse events (AEs). The questionnaire investigated the presence of any new symptoms after entering the study that could be related to the intervention. We assessed the nature of the ADs such as those regarding severity.



Data Analysis

Data are reported as mean ± standard deviation (SD).

It was taken into account a mean CAP value of 268.6 ± 52 dB/m for individuals with liver steatosis (30). Thus, to detect a CAP score reduction of at least 12%, with an effect size (ES = mean CAP difference/ baseline SD) of 0.62, with 80% power on a two-sided level of significance of 0.05, a minimum of 44 subjects for each group were required. Considering a 10% of drop-out, we enrolled 102 patients (Figure 1).

A Chi square test was performed to analyze the prevalence between groups and an independent unpaired samples t-test was used to compare the difference between means. Specifically, we calculated the changes in variables and compared the means of these changes between treatment groups. Changes in the clinical characteristics from baseline to follow-up (within group variation) were calculated using paired Student's t-test (two tailed). We used the Bonferroni adjustment method for multiple testing correction (General Linear Model -GLM). Indeed, a repeated measure ANOVA was performed to evaluate time-group difference in CAP score (ANOVA/GLM for grouped data).

We used both an indirect assessment method (i.e., pill count) and patient interviews to assess adherence. We performed intention-to-treat (ITT) as well as on-treatment (OT) analyses, defining OT as those participants taking more than 80% of the prescribed treatment.

We performed several post-hoc analyses (not pre-specified) in the following subgroups of participants: ITT; OT; overweight/obese; men; women; with metabolic syndrome; over 50 years; with age ≤ 50 years; with gynoid obesity; with android obesity.

Significant differences were assumed to be present at p < 0.05 (two-tailed). All comparisons were performed using SPSS 22.0 for Windows (IBM Corporation, New York, NY, United States).




RESULTS

Ninety-five subjects completed the first part of the study. Four subjects were lost within 6 weeks in the placebo group and three subjects in the BC group (one due to suspected cancer and one due to low back pain in BC; Figure 1). Eighty-six subjects completed the study (Figure 1). One participant was lost due to suspected cancer and one due to aphthous oral ulcer in the placebo group). The mean age of the population was 51 ± 9 years. A total of 52 (61%) were male. The mean basal LDL-C and CAP score was 119 ± 33 mg/dl and 289 ± 39 dB/m, respectively.


Dietary Intake Assessment

Nutrient intake assessment and dietary intake changes during the study are showed in Supplemental Table 2.



Baseline Demographic and Clinical Characteristics of Participants According to the Treatments

Table 1 shows the basal clinical characteristics of participants according to the allocation (n = 102). The groups were comparable for all of the characteristics. About half of the population had hyperlipidemia.


Table 1. Baseline demographic and clinical characteristics of participants according to the treatments.
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The nutrient profile of the overall diet of the population according to the treatments is shown in Supplemental Table 1. At enrolment, nutrient intake of the two groups were comparable (Supplemental Table 2). Furthermore, Supplemental Table 2, shows the dietary changes during the study. Only overweight/obese individuals reached a 400–500 caloric restriction from the baseline intake. At the end of the intervention, the two groups were comparable (t-test).

Supplemental Figure 3 shows individual body weight reduction according to the treatment.



Clinical Characteristics Changes at Follow-Up and Outcome of the Study

Table 2 shows the baseline and follow-up clinical characteristics of participants who completed the study (12 weeks) according to the treatment group (n = 86). At baseline, the groups were comparable for all of the characteristics (see unpaired t-test between treatments). LDL-C, HDL- C, non-HDL-C, TC, HOMA- IR, AST, and γGT decreased only in the participants taking BC (LDL- C from 116 ± 32 to 107 ± 30 mg/dl, p = 0.002, Table 2).


Table 2. Baseline and follow-up clinical characteristics of participants according to the treatments (Intention To Treat analysis).
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The CAP score, body weight, insulin and ALT decreased in the participants taking BC as well as in participants in the placebo group (in BC group, CAP score dropped from 295 ± 38 to 247 ± 42 dB/m, p < 0.001; paired t-test; Table 2).

Figure 2 shows the individual CAP score reduction for the participants in each group.


[image: Figure 2]
FIGURE 2. Individual CAP score reduction according to the treatments.


The changes in the clinical parameters after each treatment period are shown in Table 3. The change in the serum concentration of the white blood cells, IL-1β, IL-6, and TNF-α did not differ between groups (Table 3).


Table 3. Changes in clinical parameters at follow-up according to the treatments (unpaired t-test).
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BC significantly lowered body weight, BMI and CAP score compared to the placebo [absolute difference: body weight−2.7 ± 2 vs. −4.2 ± 3 kg (p = 0.004) and CAP score −26.9 ± 43 vs. −48.2 ± 39 dB/m (p = 0.002) in the placebo and BC group, respectively (Table 3). The mean CAP score decreased significantly over time in the BC group vs. the placebo group (Figure 2).



Subgroup Analysis

Table 4 shows the changes in the clinical parameters in subgroups according to the treatments. The percentage CAP score reduction was statistically significant in those with android obesity or in overweight/obese individuals (Table 4). Furthermore, CAP score reduction was higher in the OT rather than ITT analysis (−17.1 vs. −15.9% in OT vs. ITT analysis) as well as a higher CAP score reduction was found in women rather than in men (p = 0.03, Table 4). However, after adjustment for weight change, the percentage CAP score reduction was statistically significant only in those over 50 years.


Table 4. Changes in clinical parameters in the subgroups according to the treatments.
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Disease Risk Analysis

Figure 3 shows non-improvement or liver steatosis progression risk according to the subgroups in individuals taking BC. The nutraceutical reduced the risk in the following subgroups: over 50 years, with android obesity, with overweight/obesity (Figure 3).


[image: Figure 3]
FIGURE 3. Non-improvement or progression liver steatosis risk.




Adverse Events

The findings are reported in the Supplemental Figure 4. The participants reported a total of 24 AEs, all of grade 1 (mild).




DISCUSSION

Our clinical trial examined the effects of a new nutraceutical containing a combination of polyphenols from Bergamot citrus and terpenes and other flavonoids from wild cardoon (abbreviated, BC), in reducing the liver fat content in non-diabetic individuals with NAFLD.

BC significantly reduced the CAP score by 7% (-9% in OT analysis; −26.9 ± 43 and −48 ± 39 dB/m in the placebo and BC, respectively), after 12 weeks (Tables 3, 4). The main finding was that BC reduced the CAP score by 15%, in the participants over 50 years (Table 4).

The changes observed in the CAP score were in the range of those obtained in one double-blind, randomized, placebo-controlled study with hesperidin supplementation (31). In that study, hesperidin supplementation, compared with placebo, was associated with a significant reduction in CAP score (~-31 vs ~-51 in the placebo and Hesperidin group, respectively) (31). However, in that study participants were recruited only with NAFLD grades 2 and 3, while in our study we enrolled all individuals who had some degree of steatosis (31). Furthermore, to date, we have no single ingredients working efficiently in NAFLD. Several studies performed in animal models of liver steatosis confirm our results (32, 33). It has been demonstrated that a mixture of natural citrus polyphenols from Bergamot prevents pathogenic fat accumulation in the liver of rats (11, 34). However, no further studies exist on the effects of nutraceuticals on NAFLD patients.

The findings from studies in several cellular models have indicated the ability of dietary polyphenols to counteract ROS production and its associated oxidative damage by controlling mitochondrial membrane potential and oxidative phosphorylation (33, 34). Dietary polyphenols can also act indirectly by up-regulating endogenous antioxidant defenses (35, 36). Furthermore, these molecules act as potent inducer of lipophagy in animal models of steatosis (11).

Citrus fruits are notably rich in flavonoid compounds. However, among different citrus fruits, Bergamot contains the highest concentrations of total flavone glycosides, including both flavone O- and C-glycosides (37).

A study has demonstrated that in most citrus juices, vicenin-2 is, by far, the most abundant flavone derivative with the highest level in Bergamot cultivars, followed by other fruits (38).

Although pears (Pyrus spp) are dietary sources of bioactive components such as polyphenols and triterpenic acids (39), the chemical composition of these fruits significantly differ from Bergamot and Wild Cardoon. Indeed, chlorogenic acid, quinic acid and arbutin are the primary polyphenols and ursolic acid is the predominant triterpenoid in thinned pears, whereas chlorogenic acid and most of the flavan-3-ols, are the main antioxidants in young pears (39).

Cynaropicrin from other source, such as Saussurea amara, a Mongolian medicinal plant, provokes a dose-dependent increase in bile flow in the isolated rat liver perfusion system, thus confirm our findings (15).

Using a patented extraction technology through collaborative works of various research institutions, BC contains the highest concentration available of these potent compounds. BC is composed of several, well-known, biologically active phenols, such as naringine, neohesperidine, neoeriocitrine, brutieridine, melitidine, cynaropicrin, cholotogenic acid. The largest representative sesquiterpene lactones in wild cardoon is cynaropicrin which possesses choleretic, anti-inflammatory and anti-hyperlipidemic proprieties (15, 16). Cynaropicrin has potent suppressive effects on TNF-α (17). In addition, wild cardoon recovers other biologically active compounds, such as caffeoylquinic acids, luteolin, and apigenin derivatives, all of which have potential important effects on human health (17, 18). In this study, a specification sheet of the product including the mean concentration of the most relevant active ingredients as well as the HPLC traces for both bergamot and CyC extract was provided (see Supplemental Material). Since currently we have no single molecules working efficiently in NAFLD, the synergic effect of all these polyphenols would represent a novel approach in reducing the liver fat content.

Of interest, in the present study the nutraceutical BC, compared with placebo, was associated with a significant body weight reduction (Table 3 and Supplemental Figure 3) (11). In individuals with NAFLD, interventions aimed at weight loss were associated with improvements in blood biomarkers of liver disease, as well as instrumental and histological markers, such as liver stiffness and steatosis (9). CAP score reduction seems to be explained by weight loss in our population, but not among subjects aged >50 years (post-hoc analyses, Table 4). Therefore, BC improved CAP score in adult population.

Our subgroup analyses yield more than one significant interaction. These significant interactions might, however, be associated with each other, and thus explained by a common factor, Thus, CAP score reduction in participants with android obesity as well as overweight-obesity could also be due to weight loss. Although such post-hoc analyses might not carry the same weight of evidence as the primary prespecified analysis, they offer the opportunity to explore hypotheses that might not be immediately envisaged at the time of study design and reflect the dynamic nature of clinical research (40). The potential value of post-hoc analyses in hypothesis generation cannot be entirely discounted, thus, the outcomes might inform the design of future studies.

Some clarification is needed regarding the lack of an expected significant difference in LDL-cholesterol reduction between groups (41). First, the main purpose of this study was not blood lipid reduction. In addition, only half of the population had hyperlipidaemia and about 15% had taken lipid-lowering agents. The use of these agents did not influence the CAP score differences (data not shown). However, in participants taking BC, we found that LDL-cholesterol dropped from 116 ± 32 to 107 ± 30 mg/dl (Table 2).

Our population had only mild hypercholesterolemia (Tables 1, 2), which limited the efficacy of BC. Moreover, it is well-known that hypercholesterolemia and inflammation are linked in a vicious cycle in which the excess of cholesterol induces an inflammatory response that, in turn, accelerates cholesterol deposition and amplifies inflammation (42).

Cytokines play a key role in inflammatory diseases and a link with hypercholesterolemia and atherosclerosis has emerged mainly for the IL-6, IL-1, and TNFα pathways (42).

All these mechanisms can explain, in our study, both the lack of the lipid-lowering and antiinflammatory effects. In fact, in this study the change in serum concentration of the white blood cells, IL-1β, IL-6, and TNF-α did not differ between groups after 12 weeks of treatment (Table 3). Based on these results, how should we interpret the effects on CAP? The potential effects of BC on the liver would not be limited to antiinflammatory and antioxidant actions. It has been dimonstrated that BPF would prevent NAFLD via stimulation of lipophagy (11). Mitochondria-associated membranes or mitochondria-endoplasmic reticulum contact sites have been implicated in the formation of autophagosomes (43). Polyphenols exert a modulatory action on several mitochondrial processes, not necessarily inflammatory-related, such as biogenesis, membrane potential maintenance, electron transport chain, ATP synthesis and cell death triggering (36). Future studies aimed at discriminating the extent to which a cytoprotective effect of BC on the liver is a consequence of its direct modulatory action on the formerly-referred mitochondrial processes or whether it also critically arises from antiflammatory/antioxidant actions, are warranted.

We found a significant CAP score reduction especially in women (Table 4). This finding is linked to a different redox state between genders (44–47). These findings should be taken into account in future studies.

Despite from a statistical point of view not significant, placebo group had a higher AST concentration at baseline, than BC group (p = 0.06). However, these values refer to the whole enrolled population. We performed the subsequent ITT as well as OT analyses and this initial basal difference disappeared (Table 2). Furthermore, it is unlikely, from a clinical point of view, that a similar slightly difference solely in AST translates in a significant CAP change.

BC is a safe product. The most frequent AE in BC was diarrhea but was reported only in three participants. We found 12 AEs for each groups, all of grade 1 (mild). Previously, Gliozzi et al. (48) prescribed 1,300 mg/day of BPF to 107 patients with NAFLD and metabolic syndrome for 120 days. Furthermore, in another study 32 subjects with mixed hyperlipidemia received 1,500 mg of bergamot combined with hypocaloric diet (41). None of these studies, testing a high concentration of BPF, reported any type of adverse events. In a study carried out in individuals infected by hepatitis C virus, CyC extract normalized ALT and AST, as well as the level of bilirubin (49). Furthermore, only a moderately interaction with human drug-metabolizing enzymes, such as CYP1A2, CYP2D6, CYP2E1, and CYP3A4, was observed (50). In our tests of potential toxicity, no incidence of significant treatment-related clinical abnormalities was found with BC throughout the studies (see Supplemental Material).

In this study, the pattern of liver enzymes change may provide insight into the differential effect of diet and BC on the liver. A minimal weight loss is always associated with ALT reduction. For every 5% weight loss, a four greater likelihood of ALT normalization was observed (51). This concept can explain the ALT reduction in both treatments. ALT reduction could suggest an enhanced hepatic lipid mobilization. In the liver, ALT is localized solely in the cellular cytoplasm, whereas AST is both cytosolic and mitochondrial (80% of total activity). In our study, AST reduced solely in BC group. Due to the peculiar intralobular distribution of AST (52), our finding may suggest a deep, intralobular effect of BC.

However, in the present study BC, compared with placebo, was associated with a significant body weight reduction but CAP score reduction was explained by weight loss only in subjects aged <50 years (Table 4). Consequently, BC improved CAP score independent of weight loss solely in adult individuals. Cell culture, animal, and some human studies suggest that consumption of polyphenols (from foods or supplements) changes energy metabolism and may facilitate weight loss or prevent weight gain (53). These potential effects may occur through a variety of mechanisms: stimulation of catabolic pathways in adipose tissue and liver, reduction of obesity-related inflammation, increase in the uptake of glucose by skeletal muscles and others (53).

This study has some limitations. Of course, findings after a 12-week intervention cannot accurately reflect the long-term effects of BC in NAFLD patients. We found a low AEs rate (50). Although the results of this study confirmed our assumption, further studies with higher dosages and longer intervention periods are needed to confirm our findings. Unfortunately we did not assess the oxidative stress markers. Another limitation is that CAP score might not be proper to evaluated steatosis stages in detail. Liver biopsy is still considered the gold standard for the diagnosis of fatty liver disease. However, because liver biopsy is an invasive procedure, in the context of the follow-up of individuals with NAFLD, it is not the most appropriate method (54).

Thus, the first-line examination is abdominal ultrasound. However, ultrasound has low sensitivity for the detection of steatosis when it affects <20% of the liver or in individuals with severe obesity. Magnetic resonance spectroscopy is costly, therefore being used only for research purposes. TE by CAP measurement has been shown to detect steatosis with good sensitivity and specificity (55). Other prospective studies are mandatory before definitively recommending this technique for the prediction of steatosis grades. However, the hypothetical bias in our study would pertain to both treatments.

Another limitation of this study is related to the interpretation of the results from post-hoc analyses which should be conducted with caution as they serve only in hypothesis generation.

However, this study has important strengths. Most of the currently available data on nutraceuticals pertains to in vitro and animal studies, whose observations and conclusions do not always extrapolate directly to humans. Our study is a randomized controlled trial, thus, as “gold standard” in evidence-based medicine, may really detect clinically relevant conclusions on the effects of this new nutraceutical. Moreover, this type of study decreases patient and observer bias. Furthermore, knowledge translation into clinical practice may rapidly occurs.

An important strength of this study is related to the stability of the active ingredients in BC. In this study we provided the batch number, which suggest that, the manufacturing activities are in accordance with the international procedures (56, 57). The batch used in this experiment has an expiration date (10–2020) and within this period the stability of the active ingredients is guaranteed. Furthermore, BC phytocomplex is analyzed for its integrity and stability every 2 months and, the flavonoid profile is intact overtime.



CONCLUSION

The results of this study demonstrate that BC significantly reduces the CAP score by 15% but, from a subgroup analysis, we can confirm this finding only in the participants over 50 years. In this population with mild hypercholesterolemia, we did not observe any lipid-lowering and anti-inflammatory effect. Treatment with BC was well-tolerated and was not associated with an increased risk for adverse events. BC would constitute a promising complement to non-pharmacological measures that are commonly used to counteract the onset and progression of NAFLD, at least in individuals over 50 years. Future studies confirming our results and addressing whether long-term BC treatment can reduce the severity of NAFLD would be important for the future.
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Variables Basal  Follow-up  p-value Basal  Follow-up  p-value p-value p-value (unpaired
(paired t-test) (paired t-test) (unpaired t-test t-test between
between basal values)  follow-up values)

Weight (Kg) 801 7711 <0.001 8012 7612 <0.001 087 064
BMI (Kg/m?) 28714 2774 <0001 2028  276+3 <0.001 053 0.76
WG (em) 978 B+8 <0001 99+ 10 9%+9 <0.001 023 052
HC (om) 107£7 1086 <0001 106£7  102%7 <0.001 052 050
M (Kg) 2548 2248 <0001 2B+7 217 <0.001 093 054
SBP (mmHg) 11217 11013 073 114 10912 031 097 0.70
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CAP score (dB/m) 283440 256452 <0001 205438 247442 <0.001 0.15 037
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BM), body mass index; WC, waist circumference; HC, hip circumference; FM, fat mass; SBP, Systolic Blood Pressure; DR, Diastolic Blood Pressure; CAP, controlled attenuation
paremeter; HOMA-IR, homeostatic model assessment of insuln resistance; TC, total cholesterol; TG, trighycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lpoprotein cholesterol: AST, aspartate aminotransferase; ALT, alanine aminotransferase; YGT, gamma glutemyltransferase; WBCs, white blood cells; IL-1, interieukin-18; IL-6,
interfeukin-6; TNF-a, tumor necrosis factor «.
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BM), body mass index; WG, waist circumference; HC, hio circumference; FM, fat mass;
GAP, controlled attenuation parameter; HOMA-IR, homeostatic model assessment of
insulin resistence; TC, total cholesterol; TG, triglycerices; HDL-C, high density lpoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; AST, aspartate aminotransferase;
ALT, alenine aminotransferase; yGT, gamma glutemyltransferase; WEBCs, white blood
cells; IL-1p, interleukin-1g; IL-6, interleukin-6; TNF-a, tumor necrosis factor .
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539
80+ 12
29£3
99 + 10
105£7
257
M2+ 14
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BM, body mass index; WC, waist circumference; HC, hip circumference; FIM, fat mass;
SBR, systolic blood pressure; DBR, diastolic blood pressure; GAR, controlled attenuation
paremeter; IR, interquartie range; HOMA-IR, homeostatic model assessment of insulin
resistance; TC, total cholesterol; TG, trigiycerides; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; yGT, gamma glutamyltransferase.
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