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Abstract: Liver steatosis development was obtained after high cholesterol diet (HCD) in C57BL6/N mice. Mice were 

preliminarily treated for 10 days with multiple micronutrients contained in a commercial food supplement called Citozym 

(CIZ), and successively for 40 days with CIZ and HCD, to compare the protection effect of used compounds on liver 

metabolism and metabolic steatosis. At the end of the experiments, livers were dissected for histological examinations. 

Plasma total cholesterol (TCH), triacylglycerol (TAG) aspartate aminotransferase (AST), and alanine aminotransferase 

(ALT) concentrations were significantly higher in all HCD-fed mice. These data support a lipotoxic model of cholesterol-

mediated hepatic steatosis. We found that the administration of CIZ to HCD-mouse model of steatosis significantly 

decreased plasma TCH, TAG, ALT and AST levels along with a reduction of the accumulated fat and inflammation in the 

liver. These findings suggest that a preventive and continuative treatment of CIZ exerts a protective effect against 

metabolic hepatosteatosis. 
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1. Introduction 

The typical diet in modern industrialized societies is 

high-fat content. Chronic consumption of this type of diet 

is considered a major cause of a variety of health problems 

including obesity, diabetes and cardiovascular diseases [1]. 

It is well known that liver is the main organ for lipid 

metabolism and its lipid content and composition depend 

on the diet. In fact, feeding with high-fat diet for long 

periods of time can have adverse effects on liver and onset 

of nonalcoholic fatty liver disease (NAFLD) which is one 

of the leading causes of hepatic dysfunction in the modern 

world and includes a broad spectrum ranging from benign 

hepatic steatosis to cirrhosis [2]. Regardless of etiology of 

NAFLD, lipid accumulation and oxidative stress are two 

requisites for this disease progression [3]. Increased fat in 

the liver, as a consequence of increased synthesis and 

decreased oxidation of fat by hepatic parenchymal cells, 

perturbs the metabolism of the liver, while administration 

of a diet rich of antioxidants may have a positive influence 

upon the same process [4]. Fundamental importance for the 

activities of cell membranes is their fluidity, which 

depends upon the levels of cholesterol and the length of 

residue chains of unsaturated fatty acids contained in 

phospholipids. A diet rich in cholesterol may cause 

disturbance of function of cell membranes with an 

increased or decreased activity of liver enzymes. [5]. While 

simple steatosis is accepted as a benign state, 

steatohepatitis, because of elevated liver enzymes [alanine 

aminotransferase (ALT: EC 2.6.1.8) and aspartate 

aminotransferase (AST: EC 2.6.1.1)] and certain metabolic 

abnormalities such as diabetes, obesity, dyslipidemia, 

hypertension and insulin resistance is assessed as a serious 

condition [6]. Therefore, we considered as markers of 

steatosis these two enzymes related to hepatic metabolism, 

which are increased in the blood in the case of damage to 

hepatic cells. Recently, there has been an increased interest 

in the recognition of natural or alternative medications in 

the prevention of many diseases. Despite this growing 
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popularity, there is limited evidence for the effectiveness of 

many of these natural treatments such as antioxidants. 

Antioxidants are believed to protect body cells from 

damage caused by by-products of oxidation, known as 

oxygen free radicals, which may suppress immune function 

[7]. These antioxidants are abundant in CIZ and have been 

reported to possess various health benefits [8]. The present 

study was undertaken to investigate whether oral dosing 

with a commercial mixture of antioxidants called Citozym 

(CIZ) rich in vitamins B5, B9, C and D, influences 

enzymatic activity and the metabolism of the liver in HCD-

fed C57BL6/N mice  

2. Materials and Methods 

Male C57BL6/N mice were purchased from IFFA Credo 

(L’Abreole, France). Mice were housed throughout the 

experiments in air-conditioned animal room and fed with a 

AIN-76 purified rodent diet composition (Dyets, Inc. 

Bethlehem, PA USA). Ten mice were used for each 

experimental group. Treated mice were fed ad libitum with 

food containing cholesterol (2 mg/g b.w./24 h ). The 

commercial mixture of antioxidants (CIZ) was a gift from 

Citozeatec (Citozeatec S.r.l. Peschiera Borromeo, Milano, 

Italy). Cholesterol was purchased from Sigma-Aldrich (St. 

Louis, MO, USA). ALT, AST, TCH and LDH were 

determined by kinetic methods, using kits by Alpha-

Diagnostic (Germany). 

2.1. Experimental Protocol 

Male C57BL6/N mice (n=40) of 13 weeks of age and a 

body weight of about 25/35 g were divided in four groups 

of 10 animals each. Group A: animals on regular, standard 

diet as control. Group B: animals staying on a HCD for 40 

days (50/70 mg/24 h). Group C: animals were treated by 

oral administration of 15 mL/day of CIZ, diluted 1:2 v/v 

with physiological solution (PS) for 60 days and subjected 

to HCD from day 11 to day 40. Group D: animals were 

treated by oral administration of 15 mL/day of CIZ , 

diluted 1:4 v/v with PS for 60 days and subjected to HCD 

from day 11 to day 40. These doses were selected from 

previous dose–response studies [9]. Briefly, treatments 

with CIZ were started 10 days prior to the treatment with 

HCD and continued for the following 40 days. 24 hours 

after the last treatment with CIZ plus HCD, C57BL6/N 

mice were sacrificed under anesthesia, with pentobarbital 

60 mg/kg and their livers were dissected for histological 

examination. Plasma for biochemical analysis was 

collected every 4 days during the treatments and stored at 

−75°C until analyzed. To obtain the blood plasma, EDTA 

was used as anticoagulant.  

2.2. Liver Histology 

Liver sections were formalin fixed and paraffin 

embedded prior to sectioning. All sections were then 

stained with hematoxylin and eosin (Sigma), encoded, and 

assessed for steatosis and inflammation.  

2.3. Statistical Analyses 

The statistical analysis was performed using the Mann-

Whitney U test for intergroup comparisons. Spearman’s 

rank correlation test and the linear regression analysis were 

performed to analyze correlations between groups B/C and 

B/D and the duration of administration of CIZ and to draw 

least squares regression lines. Values were expressed as the 

mean ± SD. p<0.05 was regarded as statistically significant.  

3. Results 

3.1. Effects of CIZ on HCD-induced Steatosis in 

C57BL6/N Mice 

As shown in Figure 1, the TCH of C57BL6/N mice of 

the four groups of treatment taken at the end of the study 

were statistically different. The TCH of mice of the control 

(group A) was found about 6.64 ± 2.19 mmol/L, during the 

time of experiments. TCH of mice under HCD (group B), 

increased during the time and reached in about 40 days of 

treatment a value of 40.00 ± 6.14 mmol/L and in 60 days 

68,53± 7.40 mmol/L. The TCH of the groups C and D was 

significantly lower than that of the group B (p<0.05). Data 

collected for these groups at 40 and 60 days of treatments 

were 20.20 ± 5.43 mmol/L and 28.62 ± 4.32 mmol/L for 

group C and 30.23 ± 4.32 mmol/L and 57.42 ± 4.32 

mmol/L for group D, respectively.  

 
Figure 1. Plasma levels of TCH in HCD-fed and CIZ-treated C57BL6/N 

mice. Data are the mean of three determinations. ±SD is cited into the text. 

Plasma TAG levels were significantly increased upon 

HCD treatment compared to the control group A (0.62 ± 

0.12 mmol/L) (Figure 2). Indeed, the amount of plasma 

TAG was found at 40 and 60 days of treatments of 4.10 ± 

1.35 mmol/L and 6.63 ± 2.25 mmol/L, respectively. TAG 

of mice under HCD and CIZ treatments, decreased during 

the time and was at 40 days of 1.70 ± 0.54 mmol/L and at 

60 days of 1.25 ± 0.30 mmol/L for group C. The effect of 

CIZ for group D still showed a significative reduction of 

activity ((p<0.05). Indeed, the TAG levels were found of 
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2.80 ± 1.32 mmol/L at 40 days and 2.63±1.84 mmol/L at 

60 days of treatments.  

 

Figure 2. Plasma levels of TAG in HCD-fed and CIZ-treated C57BL6/N 

mice. Data are the mean of three determinations. ±SD is cited into the text. 

Figure 3 shows the levels of plasma ALT express as 

IU/L in control cells (4.52± 2.24 IU/L) and during the 

treatment with HCD and CIZ. HDC treatments increased 

the levels of ALT with a peak at 44 days of 15.00 ± 3.75 

IU/L. The concentration suddenly decreased in 26 days to 

11.53± 3.32 IU/L. Plasma concentration of ALT in mice 

under HCD and CIZ treatments, decreased during the time 

and was found at 40 days of 8.77 ± 1.54 IU/L and at 60 

days of 4.22 ± 0.60 IU/L for group C. The amount of 

plasma ALT for group D was found at 40 and 60 days of 

treatments of 11.70 ± 2.35 IU/L and 8.43 ± 2.25 IU/L, 

respectively. 

 

Figure 3. Plasma levels of ALT in HCD-fed and CIZ-treated C57BL6/N 

mice. Data are the mean of three determinations. ±SD is cited into the text. 

Figure 4 shows the levels of plasma AST express as 

IU/L in control cells (3.22± 1.44 IU/L) and during the 

treatment with HCD and CIZ. HDC treatments increased 

the levels of AST with a peak at 40 days of about 12.70 ± 

2.65 IU/L that slightly decreased in 10 days to a value of 

11.21± 2.21 IU/L. The mice under treatment with HCD and 

CIZ, showed a reduction of AST at 40 and 60 days for both 

groups C and D. The activity of CIZ for group C was more 

effective in AST plasma levels reduction (6.23± 1.63 at 40 

days; 5.12± 2.12 at 60 days) than in group D (10.50± 2.31 

at 40 days; 8.2± 1.77 at 60 days). 

 

Figure 4. Plasma levels of AST in HCD-fed and CIZ-treated C57BL6/N 

mice. Data are the mean of three determinations. ±SD is cited into the text. 

3.2. Effects of Treatments with CIZ on Liver of HCD-fed 

C57BL6/N Mice 

The Histological sections of normal liver tissue are 

shown in Figure 5a. HCD-fed mice showed predominantly 

large lipid-filled vacuoles (Figure 5b). Liver sections from 

HCD and 1:2 CIZ-fed mice revealed a reduction of lipid 

accumulation in the form of lipid droplets, or even small 

lipid droplets (Figure 5c). Evaluation of hepatic 

inflammation with hematoxylin and eosin liver staining, 

revealed significant differences between HCD and HCD 

and CIZ-fed mice (data not shown). Indeed CIZ treatment 

led to a reduction of the accumulated fat and of 

inflammation in the liver. These observations indicate the 

preventive effects of CIZ on HCD-induced steatosis. 

4. Discussion 

Oxidative stress is considered to play a central role in the 

pathogenesis of NAFLD because the increased production 

of ROS is known to cause lipid peroxidation, followed by 

activation of the inflammatory response, and of stellate 

cells, leading to fibrogenesis [10–11]. Lipid peroxidation 

usually leads to the formation of peroxyl radicals, which 

are the central species of the peroxidation chain reaction. 

In Japan, acute encephalopathy with hepatic steatosis 

resembling Reye's syndrome has been reported to occur 

after treatment with the pantothenic acid (Vitamin B5) 

antagonist, calcium hopantenate [12]. Pantethine is a 

dimeric form of pantothenic acid, composed of two 

molecules of pantothenic acid linked by cysteamine 

bridging groups. Pantethine treatment produced significant 

reduction of the better known risk factors (total cholesterol, 

LDL-cholesterol, triglycerides, and apo-B) and a 

significant increase of HDL-cholesterol (signally HDL2) 

and apolipoprotein A-I [13-14]. Vitamin B9 (Folic acid) 
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supplementation reduces visceral obesity and improves 

plasma adiponectin levels [15]. Vitamin C (Ascorbic acid) 

reduced oxidative stress and markedly inhibited the 

development of experimental liver steatosis induced by 

choline-deficient diet [16]. Yin et al recently reported that 

the preventing effect of 1, 25-dihydroxyvitamin D3 against 

high fat diet-induced hepatic steatosis in rats is related to 

the inhibition of lipogenesis and the promotion of fatty 

acids oxidation in rat liver [17]. In addition to the 

mentioned components, CIZ have many other 

micronutrients such as polyalcohols (mannitol and sorbitol), 

enzymes (amylase and lattase), inositol, and several sugars 

(maltose, maltotriose and maltitol). It is interesting to note 

that inositol, was previously shown to prevent fatty liver in 

rats [18]. All these beneficial effects of these 

micronutrients might play important roles in preventing the 

initiation and development of fatty livers. However, most 

of these micronutrients are removed in traditional food 

processing technology currently used in the world 

(extraction and refining), which will have an adverse effect 

on the hepato-protective effect. 

 

Figure 5. Histological sections of liver tissue from control, x 150 (A), 

HCD-fed, x100(B) and HCD-1:2CIZ, x200 (C) C57BL6/N mice. 

A significative decreased plasma ALT and AST 

activities, as well as plasma TCH levels, in comparison 

with the HCD-mice, who presented clear sign of metabolic 

steatosis, was observed. In the present study, solutions of 

CIZ supplemented to the HCD mice for 60 days resulted in 

a dose dependent reduction of HCD-induced steatosis. 

Several studies have demonstrated that hepatocytes that 

internalize exogenous cholesterol repress its endogenous 

biosynthesis in response to HCD (19). Another important 

protective mechanism against hepatic cholesterol 

accumulation is cellular efflux of this steroid and bile acid 

biosynthesis [20, 1]. This may explain the observed 

increased of plasma TCH in our HCD-fed mice. 

Furthermore, as expected, plasma activities of ALT and 

AST, were both substantially elevated by the HCD 

treatment. CIZ-treatment resulted in significant reductions 

in these plasma enzymatic activities in a dose dependent 

mechanism. The protective action of CIZ against hepatic 

steatosis involved not only ALT and AST activities, but 

also a decreased concentration of TAG. A recent study 

showed that the increased cholesterol ester in lipid droplets 

could limit the hydrolysis of triglycerides and decrease 

hepatic triglyceride secretion out of cells, leading to 

hepatic steatosis in the liver of HCD-fed mice [22]. The 

protective action of CIZ against HCD-induced hepatic 

steatosis in mice appears to be likely mediated through the 

antioxidative property of some key micronutrients involved 

in regulation of lipogenesis. In conclusion obtained results 

showed a preventive and beneficial influence of CIZ 

supplementation on liver steatosis development. 
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