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Abstract
AIM: To study, in intact male transgenic mice, the effects of three diets based on olive oil and olive oil diet supplemented with lovastatin and orlistat on hepatic lipogenic enzymes expression, considered markers of cell proliferation. 

[bookmark: OLE_LINK2170][bookmark: OLE_LINK2171][bookmark: OLE_LINK2172][bookmark: OLE_LINK2173][bookmark: OLE_LINK2174][bookmark: OLE_LINK2175][bookmark: OLE_LINK2176][bookmark: OLE_LINK2177][bookmark: OLE_LINK2178][bookmark: OLE_LINK2179][bookmark: OLE_LINK2180][bookmark: OLE_LINK2181][bookmark: OLE_LINK2182][bookmark: OLE_LINK2183][bookmark: OLE_LINK2184][bookmark: OLE_LINK2185][bookmark: OLE_LINK2186][bookmark: OLE_LINK2041][bookmark: OLE_LINK2042][bookmark: OLE_LINK2043][bookmark: OLE_LINK2044]METHODS: Forty ApcMin/+ mice were randomly divided into 4 groups and fed for 10 wk: olive oil (OO) group, n = 10 animals received a diet with olive oil 12%; olive oil plus lovastatin (LOVA) group, n = 10 animals received the same diet with olive oil supplemented with lovastatin 5 mg/kg; olive oil plus orlistat (OR) group, n = 10 animals fed the diet with olive oil supplemented with orlistat 50 mg/kg and SD group, n = 10 animals fed a standard diet. The activity of lipogenic enzymes and their gene expression were evaluated by radiometric and real-time reverse transcription-polymerase chain reaction assay, respectively. 

RESULTS: After 10 wk of dietary treatment, the body weight was no different among animal groups (21.3 ± 3.1 g for standard group, 22.1 ± 3.6 g for OO group, 22.0 ± 3.2 g for LOVA group and 20.7 ± 3.4 g for OR group, data expressed as mean ± SD), observing a generalized well-being in all animals. All the dietary managed treated groups presented significantly reduced hepatic levels of fatty acid synthase, farnesyl pyrophosphate synthase and 3-hydroxyl-3-methyl-glutaryl CoA reductase activity and gene expression when compared with the mice fed the standard diet. To evaluate cell proliferation in the liver of treated mice, the levels of cyclin E mRNA have been measured, demonstrating a significant reduction of cyclin E gene expression in all treated groups. Evidence of reduced hepatic cell proliferation was present overall in OO group mice.

[bookmark: OLE_LINK2055][bookmark: OLE_LINK2056]CONCLUSION: We confirm the role of lipogenic enzymes as markers of cell proliferation, suggesting that appropriate dietary management alone or with drugs can be a feasible approach to counteract hepatic cell proliferation in mice.
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INTRODUCTION
[bookmark: OLE_LINK1830][bookmark: OLE_LINK1831]Several alterations of lipid metabolism are often found in tumors, where neoplastic lipogenesis is essential for cancer cell survival[1]. Cancer cells esterify fatty acids predominantly to phospholipids, essential component of cell membranes. The main pathway through which proliferating cells gain lipids for membrane synthesis is the endogenous mevalonate pathway[2,3]. Increased synthesis of mevalonate and mevalonate derived isoprenoids supports increased cell proliferation through the activation of growth-regulatory proteins and oncoproteins and by promoting DNA synthesis[4,5].
[bookmark: OLE_LINK2145][bookmark: OLE_LINK2146][bookmark: OLE_LINK2059][bookmark: OLE_LINK2060]Endogenous fatty acid synthesis is dependent on the activity of fatty acid synthase (FAS). This enzyme is over-expressed in many types of malignancies, including prostate, breast, lung and colon cancer[6-8]. The tumor environment contains regions of poor oxygenation and high acidity, and FAS over-expression could confer a selective growth advantage upon these unfavorable conditions[9]. 
[bookmark: OLE_LINK2149][bookmark: OLE_LINK2150]It is known that -hydroxyl-3-methyl-glutaryl CoA reductase (HMGCoAR) activity is up-regulated severalfold in colon tumors and not regulated by feedback inhibition from cholesterol compared with normal mucosa[2,10,11]. Alterations in biosynthetic processes of the mevalonate pathway and in the levels of enzyme products participating in this biochemical system may contribute to the cell growth advantage acquired during carcinogenic process and to the development of malignancy. 
[bookmark: OLE_LINK2142][bookmark: OLE_LINK2143]In cancer, high levels of mevalonate-derived metabolites, such as isoprenoid compounds have been demonstrated[5,12,13]. Several HMGCoA metabolites, such as farnesyl pyrophosphate (FPP) and geranyl pyrophosphate are implicated in oncogene activation and tumorigenesis[14]. FPP, produced by activity of FPP synthase, is the substrate for the farnesylation of a wide number of proteins implicated as potential growth regulators. FPP synthase gene is over-expressed in different human tumors as well as an upregulation of FPP synthase has been detected in about 85% of hepatocellular carcinoma[15]. An elevated FPP synthase expression has also been observed in rat prostate tumor cell lines[16].
 Previously, we demonstrated an high FPP synthase activity in human colorectal cancer[18]. 
The regulation of lipogenic enzymes abundance in cancer cells is complex and occurs at the transcriptional or posttranscriptional levels. Several studies show that blockade of these enzymes can attenuate the growth and survival of tumor cells[1,18,19], being potential target for cancer therapy.
[bookmark: OLE_LINK2061][bookmark: OLE_LINK2062][bookmark: OLE_LINK2065][bookmark: OLE_LINK2066]Moreover, promotion and progression of carcinogenesis are susceptible to nutritional interventions aimed at counteracting cancer development[20]. In this respect, olive oil consumption has been demonstrated to reduce the incidence of aberrant crypt foci in azoxymethane-treated rats[21]. Furthermore, olive oil is able to down-regulate the expression of cyclooxygenase-2 and BCL-2 proteins that plays a crucial role in colorectal carcinogenesis[22]. Olive oil healthy effects can be attributed not only to the higher relationship between unsaturated and saturated fatty acids, but also to the antioxidant property of its phenolic compounds, as oleuropein and hydroxytyrosol (HT). As antioxidants, polyphenols may protect cell constituents against oxidative damage and act as highly effective chemopreventive agents[23,24]. 
Olive oil polyphenols are quickly absorbed by intestine, but the biotransformation of absorbed HT should take place mostly in the liver. Taking into account this point, the aim of the present study was to test in the ApcMin/+ mouse model three diets based on olive oil and olive oil diet supplemented with lovastatin and orlistat, known agents with antitumor activity and inhibitors of HMGCoAR and FAS, respectively. Since high serum concentration of the lipid and liver steatosis have been observed in ApcMin/+ mice[25,26], this experimental model was selected to evaluate a putative hepatic dietary-induced down-regulation of lipogenic enzymes. 

MATERIALS AND METHODS
Animals and experimental study design
Five-week-old C57BL/6J mice with an heterozygote mutation for the Apc gene (ApcMin/+) were obtained from Charles River (Calco, CO, Italy). The mice were maintained in the animal care facility at our Institute. They were kept in temperature, air- and light-controlled conditions and received food and water ad libitum. Animals did not receive any surgical or hormonal manipulation but were kept anatomically and physiologically intact. All animals received care in compliance to the “Guide for the Care and Use of Laboratory Animals”. The procedures related to animal use have been communicated to the Italian Ministry of Health and approved.
[bookmark: OLE_LINK2067][bookmark: OLE_LINK2068][bookmark: OLE_LINK2069][bookmark: OLE_LINK2070][bookmark: OLE_LINK2071][bookmark: OLE_LINK2072]Forty ApcMin/+ mice were randomly divided into 4 groups and fed for 10 wk: olive oil (OO) group, n = 10 animals received a diet with olive oil 12% (12.5% protein, 12% oils and fats, 3% fibers); lovastatin (LOVA) group, n = 10 animals received the same diet with olive oil supplemented with lovastatin 5 mg/kg; orlistat (OR) group, n = 10 animals fed the diet with olive oil supplemented with orlistat 50 mg/kg and SD group, n = 10 animals fed a standard diet (18.5 % protein, 5% oils and fats, 4.2% fibers). Any diet was provided in pellets by Mucedola Srl, Settimo Milanese, Italy. Body weight and food intake were measured every 3 d.
After 10 wk of dietary treatment, the animals were killed by cervical dislocation. The liver from each animal was immediately excised and washed with phosphate buffered saline. Samples of fresh liver tissue were rapidly frozen and stored at -80°C and the counterpart specimens were fixed in 10% buffered formalin to assess histological analysis. 

FAS activity assay
[bookmark: OLE_LINK2076][bookmark: OLE_LINK2077][bookmark: OLE_LINK2078][bookmark: OLE_LINK2079][bookmark: OLE_LINK2080][bookmark: OLE_LINK2081]FAS activity was determined on frozen liver samples. After tissue homogenization and centrifugation, an aliquot of supernatant (50 μL) was pre-incubated with 100 mmol/L potassium phosphate buffer, pH = 7 for 15 min at 37°C. Subsequently, 20 μL of reaction mix (2.5 mmol/L NADPH, 1.25 mmol/L acetyl-CoA, 1.25 mmol/L malonyl-CoA and 0.02 mmol/L 2-14C-malonyl-CoA (52 mCi/mmol, Amersham Biosciences, United Kingdom) were added and samples were incubated for 10 min at 37°C. Reactions were stopped by the addition of 500 μL 1 mol/L HCl/methanol (6:4, v:v); fatty acids were extracted with 1 mL of petroleum ether and incorporation of 2-14C-malonyl-CoA was analyzed by scintillation counting. FAS activity was expressed as picomoles of incorporated 2-14C-malonyl-CoA per minute per milligram of total proteins (pmol/min/mg prot). 

Preparation of microsomal fraction 
Frozen hepatic tissue specimens were placed in cold homogenization buffer containing 0.3 mol/L sucrose, 10 mmol/L EDTA (pH = 7.4) and 1 mmol/L 2-β-mercaptoethanol. Each homogenate was centrifuged at 900 × g for 5 min at 4°C; the supernatant was further centrifuged at 8700 g for 10 min; the pellet was discarded and the supernatant was centrifuged at 10000 g for 10 min to obtain microsomal fraction. Each pellet was resuspended in 0.2 mL ice-cold buffer containing 20 mmol/L imidazol (pH = 7.4), 5 mmol/L dithiothreitol. 

FPP synthase activity assay
[bookmark: OLE_LINK2082][bookmark: OLE_LINK2087][bookmark: OLE_LINK2088][bookmark: OLE_LINK2089][bookmark: OLE_LINK2083][bookmark: OLE_LINK2084][bookmark: OLE_LINK2085][bookmark: OLE_LINK2086][bookmark: OLE_LINK2090][bookmark: OLE_LINK2091][bookmark: OLE_LINK2092][bookmark: OLE_LINK2093][bookmark: OLE_LINK2094][bookmark: OLE_LINK2095][bookmark: OLE_LINK2096][bookmark: OLE_LINK2097][bookmark: OLE_LINK2098][bookmark: OLE_LINK2101][bookmark: OLE_LINK2102][bookmark: OLE_LINK2099][bookmark: OLE_LINK2100]FPP synthase assay was carried out with some modifications of the procedure of Krisans et al[14] and described by Gupta et al[27]. Briefly, FPP synthase was assayed in 150 μL containing 25 mmol/L Hepes, pH = 7, 2 mmol/L MgCl2, 1 mmol/L dithiothreitol, 5 mmol/L KF, 1% noctyl-β-glycopyranoside, 3.3 μmol/L [4-14C] IPP (18 Ci/mmol), 3 μmol/L unlabeled IPP and 20 μmol/L geranyl diphosphate. Reactions were started by adding 40 μL of microsomal fraction containing 100 μg of total protein and incubated for 45 min at 37°C. Reactions were stopped by the addition of 150 μL 2.5 mol/L HCl in 80% ethanol containing 100 μg/mL farnesol as a carrier. The samples were hydrolyzed for 30 min at 37°C to convert the FPP to farnesol and neutralized by the addition of 150 μL of 10% NaOH. The reaction product (farnesol) was extracted into 1 mL of N-hexane and an aliquot (200 μL) of the organic phase was used for radioactivity counting. One unit of enzyme activity is defined as the amount of enzyme required to synthesize one pmol of FPP per min. Parallel samples were assayed to evaluate the total and the nonspecific radioactivity. In all experiments, enzyme assays were carried out in duplicate. The coefficient percentages of intra- and inter-assay variation were 3% and 4%, respectively.

HMGCoAR activity assay
[bookmark: OLE_LINK2103][bookmark: OLE_LINK2104][bookmark: OLE_LINK2105][bookmark: OLE_LINK2106][bookmark: OLE_LINK2107][bookmark: OLE_LINK2108][bookmark: OLE_LINK2109][bookmark: OLE_LINK2110][bookmark: OLE_LINK2111][bookmark: OLE_LINK2112][bookmark: OLE_LINK2113][bookmark: OLE_LINK2114][bookmark: OLE_LINK2115][bookmark: OLE_LINK2116][bookmark: OLE_LINK2117][bookmark: OLE_LINK2118]HMGCoAR activity was measured by radiochemical assay using DL-3-hydroxy-3-methyl-[3-14C]-glutaryl-coenzyme A (14C-HMGCoA) as substrate. Briefly, 50 μL of microsomal fraction containing about 50 μg of total protein were pre-incubation for 10 min at 37°C with 50 μL of cofactors solution containing 1 mol/L potassium-phosphate buffer (pH = 7.4), 100 mmol/L EDTA (pH = 7.4), 50 mmol/L dithiothreitol, 200 mmol/L glucose-6-phosphate, 25 mmol/L NADP and 0.5 U of glucose-6-phosphate dehydrogenase. Reactions were started by adding 10 μL of 14C-HMGCoA (specific activity 5.0 mCi/mmol) in each sample followed by an incubation for 20 min at 37°C. Reactions were stopped by the addition of 20 μL of KOH 33% and incubated for 45 min to consent the hydrolysis of substrate. The subsequent addition of 50 μL of 5 mol/L HCl and the incubation for 60 min at 37°C were performed to convert the formed [14C]-mevalonic acid in [14C]-mevalonolactone. The reaction product (14C-mevalonolactone) was extracted into 300 μL of N-hexane and an aliquot (200 μL) of the organic phase was used for radioactivity counting. HMGCoAR activity was expressed as picomoles of [14C]-mevalonate formed per minute per milligram of microsomal proteins (pmol/min/mg prot). In all experiments, enzyme assays were carried out in duplicate. 

Gene expression analysis
[bookmark: OLE_LINK2119][bookmark: OLE_LINK2120][bookmark: OLE_LINK2121]Total RNA from samples of liver tissue was isolated with TRI-Reagent (Mol. Res. Centre Inc. Cincinnati, O, United States), following the manufacturer’s instruction. Briefly, the tissue was homogenized in 0.25 mL of cold 0.9% NaCl; then, 0.75 mL of TRI-Reagent and 0.2 mL of chloroform were added to the homogenate. The samples were vigorously shaken and centrifuged and the RNA present in the aqueous phase was precipitated with 0.5 mL of isopropanol. The RNA pellet was washed once with 1 mL of 75% ethanol, dried, resuspended in sterile water and quantified by UV absorbance. 2 μg of total RNA were used for the reverse transcription reaction performed in 20 μL of final volume at 41°C for 60 min, using 30 pmol of antisense primer (Table 1) for analyses of the FAS, FPP synthase, HMGCoAR, cyclin E and the -actin gene. -actin gene was utilized as reference gene. Real-time PCRs were performed in 25 μL of final volume containing 2 μL of cDNA, master mix with SYBR Green (iQ SYBR Green Supermix Bio-Rad, Milan, Italy) and sense and antisense primers for the FAS, FPP synthase, HMGCoAR, , cyclin E and the -actin gene (Table 1). 
[bookmark: OLE_LINK2122][bookmark: OLE_LINK2123]Real-time polymerase chain reaction (PCR) was carried out in an CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories, Inc.) using the following protocol: 45 cycles at 95°C for 3 min, 95°C for 10 s, 55°C for 30 s followed by a melting curve step at 65°C–95°C with a heating rate of 0.5°C per cycle for 80 cycles. The PCR products were quantified by external calibration curves, one for each tested gene, obtained with serial dilutions of known copy number of molecules (102-107 molecules). All expression data were normalized by dividing the target amount by the amount of -actin used as internal control for each sample. The specificity of the PCR product was confirmed by gel electrophoresis.

Statistical analysis
 The significance of the differences among experimental groups was evaluated with one-way analysis of variance (ANOVA) and Tukey’s Multiple Comparison Test. Differences were considered significant at a 5% probability level.

RESULTS
[bookmark: OLE_LINK2035][bookmark: OLE_LINK2036][bookmark: OLE_LINK2124][bookmark: OLE_LINK2125]After 10 wk of dietary treatment, the body weight (in grams) was no different among animal groups (21.3 ± 3.1 g for standard group, 22.1 ± 3.6 g for OO group, 22.0 ± 3.2 g for LOVA group and 20.7 ± 3.4 g for OR group, data expressed as mean ± SD), observing a generalized well-being in all animals. 
[bookmark: OLE_LINK2033][bookmark: OLE_LINK2034]All the dietary managed treated groups presented significantly reduced levels of hepatic lipogenic enzymes activity when compared with the mice fed the standard diet, being such reduction particularly marked in LOVA group for HMGCoAR and in OR group for FAS (one-way analysis of variance and Tukey’s Multiple Comparison Test, P < 0.05) (Figure 1). 
The levels of FPP synthase, FAS and HMGCoAR mRNA in liver tissue followed the same behavior of protein activities (Figure 2). Differences statistically significant were observed between the three groups of treatment and the mice group treated with standard diet for all enzymes studied (one-way analysis of variance and Tukey’s Multiple Comparison Test, P < 0.05). For FAS mRNA levels, a significant reduction was also detected between LOVA group and OR group compared to OO group (Figure 2).
[bookmark: OLE_LINK2037][bookmark: OLE_LINK2038]To evaluate cell proliferation in the liver of treated mice, the levels of cyclin E mRNA have been measured, demonstrating a significant reduction of cyclin E gene expression in all treated groups. Evidence of reduced hepatic cell proliferation was present overall in OO group mice (Figure 3). 

DISCUSSION
Our data support appropriate dietary management as a feasible approach to counteract hepatic cell proliferation in mice, targeted to the selective down regulation of FAS, FPP synthase and HMGCoAR considered biomarkers of cell proliferation.
Understanding the distribution of roles within a biochemical pathway is clearly important and it provides a rationale for selecting a particular reaction step suitable for therapeutic intervention.
Statins having biochemical effects on cholesterol synthesis, are considered as potential anti-tumor agents[28], inhibiting tumor cell growth by restricting either cholesterol availability or cholesterol synthesis[28,29]. Previously, we have demonstrated that the combined treatment with eicosapentaenoic acid (EPA) and lovastatin enhanced the regulatory effect on gene expression of HMGCoAR and low density lipoprotein receptor in HepG2 cell line[30]. Moreover, we detected a synergistic effect in the inhibition of cancer cell proliferation obtained by combination of EPA and Lovastatin, demonstrating an inhibition at the lower doses with respect to the substances used separately. 
On the other hand, orlistat, as an anti-obesity drug, is a novel and selective FAS inhibitor in tumors[1]. Moreover, FAS inhibition by orlistat reduces proliferation and promotes apoptosis in prostate, breast and gastric cancer cell lines[31,32].
In our previous study[33], we showed a down-regulation of FAS observed after HT treatment in SW620 cell line, suggesting that FAS might be a molecular target for anti-proliferative activity of olive oil polyphenols in a metabolically defined subset of colon cancer. 
In this study the reduction of cyclin E gene expression in mice liver by these compounds demonstrates their ability to inhibit cell proliferation. This finding supports the role of lipogenic enzymes as markers of cell growth. 
[bookmark: OLE_LINK2053][bookmark: OLE_LINK2054]The olive oil diet significantly reduces the enzymatic activities, as well as the expression of hepatic cell cycle related genes. The addition of drugs as lovastatin and orlistat to olive oil diet more down-regulated the studied lipogenic enzymes, demonstrating that the inhibition of these enzymes with natural components of diet could have a potential benefit in association with canonical chemical substances to counteract hepatic cell proliferation in mice. 
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COMMENTS
Background
Several alterations of lipid metabolism are often found in tumors, where neoplastic lipogenesis is essential for cancer cell survival. Increased synthesis of mevalonate and mevalonate derived isoprenoids supports increased cell proliferation through the activation of growth-regulatory proteins and oncoproteins and by promoting DNA synthesis. Promotion and progression of carcinogenesis are susceptible to nutritional interventions aimed at counteracting cancer development. In this respect, olive oil consumption has been demonstrated to reduce the incidence of colorectal cancer. Olive oil healthy effects can be attributed not only to the higher relationship between unsaturated and saturated fatty acids, but also to the antioxidant property of its phenolic compounds, as oleuropein and hydroxytyrosol. 

Research frontiers
Alterations in biosynthetic processes of the mevalonate pathway and in the levels of enzyme products participating in this biochemical system may contribute to the cell growth advantage acquired during carcinogenic process and to the development of malignancy. The blockade of these enzymes can attenuate the growth and survival of tumor cells, being potential target for cancer therapy. Their paper demonstrates that the inhibition of lipogenic enzymes with natural components of diet could have a potential benefit in association with canonical chemical substances to counteract hepatic cell proliferation in mice.  
 
Innovations and breakthroughs
The study supports the role of lipogenic enzymes as markers of cell growth. Reported data on possible benefits of olive oil to counteract hepatic cell proliferation in mice, highlight the importance and the innovation that an appropriate dietary treatment can be useful in cancer prevention.


Applications
Further studies will be designed to translate our findings in clinical practice.  Olive oil through its ability to suppress the lipogenic enzymes may provide well-tolerated novel therapies, particularly in metabolic disorders-related tumors, as gastrointestinal cancers.

Terminology
Lipogenic enzymes are involved in lipid metabolism. The lipogenesis is essential for cell membrane synthesis. The main pathway through which proliferating cells gain lipids for membrane synthesis is the endogenous mevalonate pathway, where the 3-hydroxyl-3-methyl-glutaryl CoA reductase (HMGCoAR) is the key enzyme. Among HMGCoAR metabolites, farnesyl pyrophosphate (FPP), produced by activity of FPP synthase, is the substrate for the farnesylation of a wide number of proteins considered potential growth regulators. Moreover, endogenous fatty acid synthesis is dependent on the activity of fatty acid synthase (FAS). FAS is a multi-enzyme protein containing domains for acyl-carrier peptide and the seven different catalytic activities required for the conversion of acetyl-CoA and malonyl-CoA to palmitate. Expression of FAS is linked to specific functions such as the conversion and storage of energy in the liver and in adipose tissue, and is possibly involved in the regulation of food intake.

Peer review
The aim of this research is to study the effects of three diets based on olive oil and olive oil diet supplemented with lovastatin and orlistat on hepatic lipogenic enzymes expression in ApcMin/+ mice which are divided randomly into 4 groups of 10 animals per group that were fed for 10 wk: Concentration of olive oil used was 12%; lovastatin 5 mg/kg; orlistat 50 mg/kg and SD group that was fed a standard diet. The activity of lipogenic enzymes and their gene expression were evaluated by radiometric and real-time reverse transcription-polymerase chain reaction assay. Results show that all the dietary managed treated groups significantly reduced hepatic levels of fatty acid synthase, farnesyl pyrophosphate synthase and 3-hydroxyl-3-methyl-glutaryl CoA reductase activity and gene expression when compared with the mice fed the standard diet. The data are the potential interest and they confirm the role of lipogenic enzymes as markers of cell proliferation, suggesting that appropriate dietary management alone or with drugs can be a feasible approach to counteract hepatic cell proliferation in mice. The conclusions indicate that the observed effects could serve as markers for hepatic cell proliferation.
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[bookmark: OLE_LINK2154][bookmark: OLE_LINK2155][bookmark: OLE_LINK2158][bookmark: OLE_LINK2159][bookmark: OLE_LINK2156][bookmark: OLE_LINK2157][bookmark: OLE_LINK2161][bookmark: OLE_LINK2162][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK2168][bookmark: OLE_LINK2169][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 1 Farnesyl pyrophosphate synthase, fatty acid synthase and 4-hydroxyl-3-methyl-glutaryl CoA reductase activity, mRNA levels in the four groups of treatment. A: Activity levels in the four groups of treatment. aP < 0.05 vs control group (one-way analysis of variance and Tukey’s Multiple Comparison Test). Data are expressed as mean ± SE; B: mRNA levels in the four groups of treatment. aP < 0.05 vs SD group (one-way analysis of variance and Tukey’s Multiple Comparison Test); cP < 0.05 vs OO group (Tukey’s Multiple Comparison Test). Data expressed as n molecules mRNA target gene/n molecules mRNA β-actin. SD: Standard diet; OO: Olive oil; LOVA: Olive oil plus lovastatin; OR: Olive oil plus orlistat; FPP: Farnesyl pyrophosphate; FAS: Fatty acid synthase; HMGCoAR: 4-hydroxyl-3-methyl-glutaryl CoA reductase.
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[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Figure 2 Cyclin E mRNA levels (mean ± SE) in the four groups of treatment. Data expressed as n molecules mRNA cyclin E gene/n molecules mRNA β-actin. aP < 0.05 vs SD group (one-way analysis of variance and Tukey’s Multiple Comparison Test). SD: Standard diet; OO: Olive oil; LOVA: Olive oil plus lovastatin; OR: Olive oil plus orlistat.


Table 1 Sequences of amplification primers
	Gene
	
	Primer

	FPP synthase
	Sense
Antisense
	5’-AAAATTGGCACTGACATCCAGG-3’
5’-GGGTGCTGCGTACTGTTCAATG-3’


	[bookmark: OLE_LINK2144] FAS


[bookmark: OLE_LINK2147][bookmark: OLE_LINK2148]HMGCoAR


 Cyclin E
	Sense
Antisense

Sense
Antisense

Sense
Antisense

	5’-GATCCTGGAACGAGAACACGA -3’
5’-GAGACGTGTCACTCCTGGACTTG -3’

5’-GCTTGAGCATCCTGACATAC -3’
5’-GAACCATAGTTCCCACGTCT -3’

5’-GTCTTCGCAGATCGCAGA-3’
5’-GAGACCTTCTGCGACTCCA-3’

	β-actin
	Sense
Antisense
	5’-GCCTCTGGTCGTACCACTGGC -3’
5’-AGGGAGGAAGAGGATGCGGCA -3’



















[bookmark: OLE_LINK1][bookmark: OLE_LINK2]FPP: Farnesyl pyrophosphate; FAS: Fatty acid synthase; HMGCoAR: 4-hydroxyl-3-methyl-glutaryl CoA reductase.
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