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Abstract: Objective: A diet rich in fat is associated with hepatic fat deposition [steatosis; non-alcoholic fatty liver disease
(NAFLD)]. The exact cause of NAFLD however, is still unknown. The aim of this study was to assess the effect of a wa-
ter-soluble formulation of vitamin E on a dietary-induced-NAFLD animal model.

Methods: Adult male Wistar rats (n=20) were allocated to 2 groups: Controls (Group A, n=6), which received a standard
chow diet for 24 weeks and a High Cholesterol group (HC: n=14), which received a standard chow diet enriched with
cholesterol for the first 14 weeks of the experiment (t;). At t;, the HC group was divided into: Group HC(B), which re-
ceived a high-saturated-fat/high-cholesterol (HSF/HCH) diet and Group HC(C), which followed the same HSF/HCH diet
but was also administered water soluble vitamin E (10 1U/kg body weight/day), for 10 more weeks.

Results: At the end of the study, group HC(C) exhibited significantly lower mean total cholesterol (T-CHOL) than group
HC(B) (p<0.001). No significant differences were observed between HC(C) and Control groups in blood glucose and se-
rum lipid concentrations. Liver Function Tests did not vary between all groups at the end of the study. Animals in group
HC(B) exhibited higher SGOT at the end of the study compared with the beginning of the study (p<0.05). Group HC(B)
exhibited the highest scores in steatosis, and grading (according to the NAFLD scoring system) in the histopathological
analysis (p<0.001 in all cases).

Conclusion: Vitamin E seems to exert a hypolipidemic and hepatoprotective role in the presence of a HSF/HCH

atherogenic diet in a rat model.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is defined as
the spectrum of benign fatty liver (steatosis) to necro-
inflammation and fibrosis or non-alcoholic steatohepatitis
(NASH) in the absence of excessive alcohol ingestion [1-4].
The prevalence of NAFLD is estimated between 20-30% in
Western populations [5]. In the US it affects 30% of adult
population and 1 out of 10 children aged 1-19 years [6].
Even though the exact pathogenesis of NAFLD remains un-
certain [4, 7], diets high in fat (e.g. Western diet) have been
consistently implicated [8-10].

*Address correspondence to this author at the Department for Experimental
Surgery and Surgical Research “*N.S. Christeas’’, Medical School, National
and Kapodistrian University of Athens, Greece. 15B Agiou Thoma Street,
11527, Athens, Greece; Tel: +30 210 7462501; Fax: +30 210 7462539;
E-mail: itzanetakoy@yahoo.gr

1874-1924/12

The link between NAFLD and Western type high fat
(HF) diets seems to be the Metabolic Syndrome (MetS) [4].
More specifically, NAFLD could be characterized as the
hepatic manifestation of MetS, since MetS includes metabol-
ic abnormalities such as hepatic insulin resistance, visceral
obesity, hypertension and hyperglycaemia [11]. Insulin re-
sistance plays a major role in NAFLD development and is
followed by increased production of reactive oxygen species
(ROS), which in turn promotes tissue inflammation [12].

A large number of studies have implicated NAFLD as an
important cause of future liver-related morbidity [13]. In
clinical practice, weight loss is the primary conservative
therapeutic solution, while bariatric surgery is proving to be
an effective option for patients with a body mass index
(BMI) greater than 35 kg/m? [14]. Among many drugs, Vita-
min E and insulin-sensitizing agents have been proposed as
promising agents for treating NAFLD [15, 16].
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Vitamin E is fat soluble and a potent antioxidant that
reduces ROS formed during fat oxidation; ROS can cause a
chronic inflammatory response [17]. Eight fat-soluble com-
pounds are grouped under the term “Vitamin E”, including
tocopherols and tocotrienols; a-tocopherol is an important
lipid-soluble antioxidant and the most biologically active
form of vitamin E. It functions through the glutathione pe-
roxidase pathway protecting cell membranes from oxidation
by reacting with lipid radicals produced in the lipid peroxida-
tion chain reaction. a-tocopherol contributes significantly to
the removal of free radical intermediates and the interruption
of the oxidation reaction [18, 19].

The aim of the present study was to investigate the poten-
tial role of vitamin E in preventing fat infiltration in the liver
of experimental models fed a HF diet.

MATERIALS AND METHODS
Selection and Description of Animals

A total of 20 male Wistar rats, aged 13-15 weeks, were
used. The rats were housed in groups of 3 in the Animal
Housing Facility of the Laboratory of Experimental Surgery
and Surgical Research “N.S. Christeas”, Athens University
Medical School, in a controlled environment. All conditions
followed National and European legislation and standards,
including cages (Tecniplast S.p.a., Italy) and the environ-
ment with 55% relative humidity, central ventilation (15 air
changes/h), temperature of 20°C + 2°C and artificial 12-h
light-dark cycle. Access to food and water was ad libitum.
The experimental protocol was approved by the Veterinary
Service of the Municipality of Athens and the Athens Uni-
versity Medical School Bioethics Committee.

Following acclimatization, the rodents were randomized
and assigned to 2 experimental groups. The randomization
was based on blood glucose and serum lipid concentrations.
Control group (Group A, n=6) received a standard chow diet
for 24 weeks; and High Cholesterol Diet group (Group HC)
(n=14) received a standard chow diet enriched with 2% cho-
lesterol for the first 14 weeks. At 14 weeks (t;) group HC
was randomly divided into 2 experimental groups: High Sat-
urated Fat and High Cholesterol group (Group HC(B), n=7),
which received 2% cholesterol + 40% lard (HSF/HCH diet)
for the remaining 10 weeks of the experiment; and High Sat-
urated Fat and Cholesterol + Vitamin E group (Group
HC(C), n=7), which followed the same dietary pattern as
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group HC(B), fortified with water-soluble vitamin E 10
1U/kg (100 IU d-o tocopherol/5 mL) per day during last 10
weeks Table 1. The water soluble vitamin E was kindly pro-
vided by Yasoo Health Inc., TN, USA. The dosage calcula-
tion for vitamin E was based on the average daily water con-
sumption for each animal, since the vitamin was dissolved in
the drinking water of the animals. Mean animal daily water
consumption was estimated during a pilot study (n=9), where
water consumption was measured daily for 14 days.

Biochemical Measurements

Blood samples were collected at baseline, at 14 weeks
and at the end of the study (24 weeks; te,q) prior to euthana-
sia following a 12-h fast of the animals. Animals were anes-
thetized with ether and a quantity of approximately 500 ul of
blood was collected from the ocular canthus of each mouse.
Blood was collected in Vacutainer tubes (BD Diagnostics,
NJ, USA). Serum was separated by centrifugation at 3000
rpm for 10 min and was stored at -20°C until analysis.

Total serum cholesterol (T-CHOL), high-density lipopro-
tein cholesterol (HDL-C) and serum triglycerides (TG), se-
rum gamma-glutamyl transferase (GGT), serum glutamic
pyruvate transaminase (SGPT), serum glutamic oxaloacetic
transaminase (SGOT), urea, total protein, uric acid and
creatinine serum concentrations were determined enzymati-
cally with commercially available kits (Biosis Biotechnolog-
ical Applications, Athens, Greece). Due to the non-
confirmed validity of the Friedewald formula for the calcula-
tion of low-density lipoprotein (LDL) in rodents [20] this
parameter was not included in our study.

Histopathological Staining

Following euthanasia, the livers were extracted, dissected
and immediately preserved for further histopathological
analysis. Part of the livers was fixed in 10% formalin at
room temperature. The tissues were then embedded in paraf-
fin, sectioned and mounted on glass microscope slides. The
sections were stained with hematoxylin-eosin and examined
blindly by 2 independent researchers using light microscopy.
More precisely, the liver was evaluated as has been previous-
ly described by the Pathology Committee of non-alcoholic
steatohepatitis Clinical Research Network.The concept of
semi-quantitative “grading” in NAFLD is established on the
basis of a scoring system in which the components, steatosis,
lobular inflammation and hepatocellular ballooning, are each

Table 1. Chemical Analysis of Vitamin E Dietary Supplement
Water soluble vitamin E analysis in 5 ml :

d-atocopherol 100 I.U.

d- ytocopherol 60 mg

d- B- and 5 —tocopherols 15 mg
Total tocopherols 142 mg

Total tocotrienols 8 mg
Total tocopherols and tocotrienols 150 mg

Aqua-E® registered trademark of Yasoo Health, Inc.
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semi-quantitated, then added together for an aggregate ac-
tivity score (“overall grade™) [21].

Lobular inflammation is defined as the presence of an
increased number of lymphocytes in the lobule. In contrast to
the portal or periportal inflammation, lobular inflammation
usually consists of single small clusters of mononuclear
cells, rather than confluent sheets [22]. Liver fibrosis was
also assessed in hepatic tissues, by the use of Masson’s
trichrome stain which is useful for the evaluation of the de-
gree of fibrosis.

Statistical Analysis

Data are expressed as mean * 1 standard deviation (SD)
for continuous symmetrically distributed variables and as
median (interquartile range), otherwise. Means and SDs were
also provided for skewed distributions in order to increase
readability of comparisons. The normality of the distribu-
tions was assessed with Kolmogorov-Smirnov test and
graphical methods. Comparisons of continuous variables
were performed using Student’s t-test and Mann-Whitney’s
U non-parametric test, as appropriate. Analysis of Variance
(ANOVA) was used for multiple between-group compari-
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sons of continuous variables. Kruskal — Wallis analysis was
performed for multiple between-group comparisons of ordi-
nal data. In these cases, the non-parametric Mann-Whitney’s
U test was utilized for post hoc analysis. Comparisons of
measurements between different time points were performed
using Repeated Measures ANOVA. In all cases of multiple
hypothesis testing, Benjamini-Hochberg’s False Discovery
rate was applied, in order to detect significant differences, as
well as to maintain a family-wise 0=0.05. All tests were two-
sided. Differences were considered as significant if the null
hypothesis could be rejected with >95% confidence.

RESULTS
Weight and Serum Lipids

At baseline (t) there were no significant differences in T-
CHOL, HDL-C and TG concentrations between the 2 groups
(Table 2). At t; (14 weeks), the animals belonging to group
HC were randomly assigned to groups HC(B) (n=7) and
HC(C) (n=7), based on blood lipids. There were no signifi-
cant differences in lipids and blood glucose concentrations
between the 2 groups at t; (Table 3).

Table 2. Baseline Characteristics Following Initial Randomization Into 2 Experimental Groups
Parameter Group A (n =6) Group HC (n = 14) P
Glucose (mg/dl) 152 + 28 147 £17 NS
Total Cholesterol (mg/dl) 68+9 62 +11 NS
HDL Cholesterol (mg/dl) 24+3 30+9 NS
Triglycerides (mg/dl) 91+23 103 £ 27 NS
Body Weight (g) 341.7 £56.6 350.9 +29.7 NS

Group A: Control group; Group HC: High Cholesterol Group, NS: Non Significant

Table 3. Experimental Groups’ Characteristics at 14 Weeks (t;) and at the End of the Study (te,q). Group A: Control Group;
Group HC(B): High Saturated Fat and High Cholesterol Group; Group HC(C): High Saturated Fat and High Cholester-
ol + Vitamin E group
t Parameter Group A (n=6) | Group HC(B) (n=7) Group HC(C) (n=7) Significant Differences Between Groups
Glucose (mg/dl) 157 + 18 163 +22 161 +18 NS
Total Cholesterol (mg/dl) 61+9 58 +11 61+8 NS
+='| HDL Cholesterol (mg/dl) 25+3 30+10 307 NS
Triglycerides (mg/dl) 115+ 38 139+ 31 109 £ 40 NS
Body Weight (g) 4257 +69.1 430.7 +31 407.4+316 NS
Glucose (mg/dl) 148 £ 16 141 £ 23 144 £ 17 NS
Total Cholesterol (mg/dI) 51 + 5 137 + 112 67 +43 HC(B) vs A*, HC(B) vs HC(C)*
j HDL Cholesterol(mg/dl) 25+3 29+10 26 +£13 NS
Triglycerides (mg/dl) 86 + 16 98 + 18! 80 + 22 NS
Body Weight (g) 421.3+85.9 452.0 + 33.0° 435.1 +33.1° NS

Group A: Control Group; Group HC(B): High Saturated Fat and High Cholesterol group; Group HC(C): High Saturated Fat and High Cholesterol + Vitamin E

group.
NS: Non Significant

*p <0.001, 1: p<0.05vs ty, 2: p<0.001 vs ty,
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At the end of the study (t..q), animals belonging to Con-
trol group exhibited a significant decrease of mean T-CHOL
concentration (p<0.05) and a significant increase of HDL-C
(p<0.05), compared with baseline measurements (Tables 2
and 3). On the other hand, group HC(B) animals presented a
significant increase of mean weight (to: 354.6 = 28.9 vs tgq:
452.0 £ 33.0 (g), p<0.001) and T-CHOL (t;: 60 % 8vs. teng:
137 + 11 (mg/dl), p<0.001), as well as a significant decrease
of mean TG concentration (tp: 123 £+ 17 vs teng: 98 + 18
(mg/dl), p<0.05). For the HC(C) group of animals, only a
significant weight increase at the end of the study compared
with baseline measurements (to: 347.1 + 32.3 VS teng: 435.1 £
33.1(g), p<0.001) was observed. Furthermore, group HC(B)
teng T-CHOL measurements were significantly elevated
compared with t; (p<0.001), whereas group HC(C) animals

(p>0.05).
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did not present any significant change between the 2 meas-
urements (Table 3).

At toq animals belonging to group HC(B) exhibited sig-
nificantly higher mean T-CHOL concentration than group
HC(C) (p<0.001) and A (p<0.001) (Table 3). No significant
differences were observed between HC(C) and Control
groups in blood glucose and serum lipid concentrations (p
>0.05). Mean animal weights did not differ significantly be-
tween groups during the study.

Liver Function Tests (Table 4)

At to, animals belonging to the 3 groups exhibited com-
parable SGOT, SGPT and GGT serum concentrations

Fig. (1). Hematoxylin and eosin staining of hepatic tissue (200 and 400x).Control rats (Group A) with normal hepatocytes and liver archi-
tecture (A); Group HC(C) (HSF/HCH diet and vitamin E supplementation) rats with mild hepatic sinusoid congestion (B) and mild steatosis
(C); Group HC(B) (HSF/HCH diet) rats with severe steatosis and hepatic sinusoid congestion (D), periportal (necro)-inflammatory infiltrates

(E) and ballooning effect (F).

Table 4. Comparison of liver function markers between the 3 groups for t.,g (euthanasia). Group A: Control Group; Group
HC(B): High Saturated Fat and High Cholesterol group; Group HC(C): High Saturated Fat and High Cholesterol + Vit-

amin E group.
t Parameter Group A (n = 6) Group HC(B) (n=7) Group HC(C) (n=7) Significant Differences
SGOT (IU/L) 80+ 16 69 +18 8719
e SGPT (IU/L) 14+6 12+5 102
GGT
3x1 2x05 2x1
(IUIL)
SGOT
86 17 106 + 26* 77+18
(VL)
5 SGPT (IU/L) 11+4 18 + 16 135
GGT
2+1 21 3+2
(IU/L)
*p <0.05vst0

SGOT: Serum glutamic oxaloacetic transaminase, SGPT: serum glutamic pyruvic transaminase, GGT: Gamma-glutamyltransferase
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Also, at the end of the experiment (te,q), animals belong-
ing to the 3 groups did not differ in SGOT, SGPT and GGT
serum activities (p>0.05). Only SGOT serum levels, in ani-
mals belonging to group HC(B), were significantly increased
at teng, compared to ty (p< 0.05).

Renal Function Tests (Table 5)

At teq, NO statistically significant differences were ob-
served in total protein, uric acid and creatinine serum con-
centrations, between the 3 groups (p>0.05). Mean urea se-
rum concentrations differed significantly between the 3
groups at euthanasia (p<0.05).

Histopathological Study

All liver samples from Control group were assessed nor-
mal by the histopathological study and all relevant scores
were equal to 0. On the other hand, group HC(B) exhibited
the highest scores in steatosis, grading and overall results
compared with Control and HC(B) group (p=0.001 in all
cases) (Fig. 1). Even though group HC(C) exhibited signifi-
cantly lower values than HC(B) in all measured parameters,
it exhibited higher scores in degree of steatosis (p=0.008),
grading (p=0.0015) and overall score (p=0.0015) than Con-
trols (Table 6). Histopathological findings strongly correlat-
ed with T-CHOL concentration at euthanasia and weakly
with HDL-C and TG concentrations (Table 7). No statistical-
ly significant correlations were detected between
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histopathological findings and measured liver enzymes. The
histopathological study demonstrated almost insignificant
amounts of fibrous connective tissues in the liver parenchy-
ma.

DISCUSSION

Diets enriched with various types of fatty acids have been
used to model obesity and metabolic imbalances, such as
dyslipidemia and insulin intolerance in rodent species [21].
The disorders that arise from high-fat feeding resemble hu-
man MetS [22, 23] and can also increase liver fat quite rapid-
ly [24]. This liver fat accumulation is associated with hepatic
insulin resistance and may or may not occur before signifi-
cant increases in peripheral fat deposition [24, 25].

In this experiment, a diet enriched in saturated fat (lard)
and cholesterol produced an array of metabolic disturbances
and NAFLD. Although, there were no significant differences
in body weight between the groups, there was a significant
weight increase recorded in both groups HC(B) and HC(C)
after HSF/HCH feeding at teng compared with t;and t,. Others
have also shown no influence on weight gain in rats adminis-
tered HF diets, including lard [26], with differing carbon-
chain length and degree of saturation of dietary fat [27]. A
possible explanation is that rats on HF diets may not con-
sume as many grams of food as those on low-fat diets [28].

There were significant alterations in blood lipids between
the 3 groups. T-CHOL was significantly increased in group

Table 5. Comparison of Renal Function Markers between the 3 Groups for t.,q (Euthanasia). Group A: Control Group; Group
HC(B): High Saturated Fat and High Cholesterol Group; Group HC® (C): High Saturated Fat and High Cholesterol +
Vitamin E group.
T Parameter Group A (n =6) Group HC(B) (n=7) Group HC(C) (n=7) Significant Differences
Total Protein (mg/dl) 75+0.2 7.3+0.8 7.3+0.7
Uric Acid (mg/dl) 0.9+0.2 0.9+0.4 0.8+0.1
5 Creatinine
1.0+£0.1 1.0+£0.2 0.9+0.2
(mg/dl)
Urea *
37.7453 28755 21.6+56 A vs HC(B)", A vs HC(C)'
(mg/dl) B vs HC(C)*
*p <0.05, p < 0.01
Table 6. Comparison of Histopathological Outcomes between the 3 Groups. Group A: Control Group; Group HC(B): High Satu-
rated Fat and High Cholesterol group; Group HC(C): High Saturated Fat and High Cholesterol + Vitamin E group
Parameter Group A (n =6) Group HC(B) (n=7) Group HC(C) (n=7) Significant Differences
A vs HC(B)*, A vs HC(C)',
Steatosis 0(0) 3(1) 1(0)
HC(B) vs HC(C)*
A vs HC(B)*, A vs HC(C)',
Grade 0(0) 4(1) 1(2)
HC(B)vs HC(C)*
Avs HC(B) *, Avs
Overall 0(0) 4(1) 1(1) HC(CY,
HC(B) vs HC(C)*

*p = 0.008, *p = 0.0015, *p = 0.001. Values are presented as median (interquartile range).




Water Soluble Vitamin E Administration in Wistar Rats

The Open Cardiovascular Medicine Journal, 2012, Volume 6 93

Table 7. Linear Correlation Analysis Results between Blood Serum Markers and Histopathological Outcomes
Parameters T-CHOL HDL-C TG
) 0.58 0.37 0.34
Steatosis
(p =0.001) (p=0.04) (p =0.06)
0.71 0.48 0.39
Grade
(p <0.001) (p<0.01) (p <0.05)
0.66 0.44 0.38
Overall
(p <0.001) (p <0.05) (p < 0.06)

Results are shown as correlation coefficients (significance levels)

B at the end of the study compared with Control and HC(C)
groups. The same trends for liver cholesterol concentration
and serum T-CHOL levels were reported in rats on a high
saturated fat diet [29].

The prevalence of hyperlipidemia in humanswith
NAFLD ranges from 20 to 92% [30]. Indeed, a high choles-
terol dietary intake can lead to fat infiltration of hepatic tis-
sue. In many experimental studies a correlation between the
increased cholesterol intake and the hepatic damage is re-
ported while the consumption of a HCH diet induces hepatic
steatosis [31-33]. TG and HDL-C levels however, did not
differ among the 3 experimental groups.

In experimental studies including HF dietary groups, TG
concentrations do not exhibit a consistent pattern. For exam-
ple, higher TG levels are reported on groups following high
saturated fat diets than unsaturated fat diets [29]. On the oth-
er hand, others have shown that serum TG are not signifi-
cantly different between HF fed animals and those fed nor-
mal diets [34], while there have been reports of animals
which received normal diet and presented higher levels of
TG than animals on HF feeding [35]. The redirection of fatty
acids into hepatic TG storage may be an initial protective
mechanism to lower hepatic intracellular fatty acid concen-
trations. Intracellular fatty acid storage as TG would then
serve to maintain liver insulin sensitivity [36-38].

HDL-C levels were increased in the control group at the
end of the experiment compared with baseline. A similar
finding was observed by others [39] and may be attributed to
the changes in cholesterol metabolism in aging rats. No sig-
nificant differences in HDL-C were observed at the end of
the study between the 3 experimental groups. This finding is
similar to other studies [40]. However, contradictory results
have also been reported where HF feeding significantly de-
creased HDL-C levels [41].

In our study, high cholesterol feeding of rats for 14-
weeks, without saturated fat supplementation, did not affect
plasma cholesterol levels. Although, there are reports that a
cholesterol enriched diet can lead to changes in plasma cho-
lesterol levels in rats [42, 43], it is also accepted that rats are
particularly resistant to the development of hypercholes-
terolemia and atherosclerosis and have a special ability to
maintain their T-CHOL levels [44]. Therefore, in order to
induce hypercholesterolemia or atherosclerosis in rats, cho-
lesterol feeding is used in combination with other additives

[45-47]. Dietary cholesterol however, similarly to our ex-
periment, has been shown not to influence plasma choles-
terol concentration in young Wistar rats while increasing T-
CHOL levels in older Sprague-Dawley rats [47].

HSF/HCH feeding resulted in high T-CHOL levels in
rats in group HC(B) as compared with baseline. In group
HC(C), vitamin E co-administration led in decreased T-
CHOL compared with the non-treated HSF/HCHfed group
of rats. It should be noted that this reduction in T-CHOL is
comparable to the Control group T-CHOL levels. For lipo-
protein receptors, the maintenance of their normal structure
is important for their function since they facilitate the cellu-
lar uptake of serum lipids from the blood. Increased oxida-
tive stress produces ROS which react with lipoproteins to
produce oxidation states, thus diminishing the cellular uptake
of lipids from the blood [48-50]. In our study and as previ-
ously described [51, 52], vitamin E acting as an antioxidant
may have contributed to elevated cellular lipid uptake, which
results in the decrease of T-CHOL. Further to the reduction
in oxidative damage, vitamin E decreases tissue levels of the
inflammatory mediator Tumor Necrosis Factor-alpha (TNF-
a), while it beneficially reduces Peroxisome Proliferator Ac-
tivated Receptor -gamma (PPAR-y) activity [53, 54].

It is worth noting that the vitamin E used in this experi-
ment was water soluble. This form of vitamin E is "water
solubilized" by the addition of compounds during the manu-
facturing process and ishypothesized that it is more efficient-
ly absorbed through the intestinal wall [55]. Because the
digestive tract requires fat to absorb vitamin E, people on
low fat diets or with fat-malabsorption may benefit from the
water soluble form of vitamin E, especially since they are
more likely to become deficient than people without such
disorders.

The documented potential health hazards [56] associated
with high-dosage vitamin E administration, such an increase
in prostate cancer incidence [57], were avoided in this study
by administering a small dose of 101U/kg. However, the bio-
availability of this form of vitamin E was enhanced, with the
addition of a chemical substance known as d-o-
tocopherylpolyethylene glycol-1000 succinate (TPGS). Un-
der the European Commission, TPGS incorporation makes
the vitamin highly bioavailable and enhances its absorption
Therefore, small therapeutic dose of vitamin E, were used
with no documented adverse effects on health.
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In Wistar rats, similarly to this study, no significant
changes in the SGOT and SGPT levels were reported in
normal and HF fed animals [54].We did not record any
changes in SGOT, SGPT and GGT serum activities in all
groups during the whole study except for an increase at teng
compared to tp in SGOT the High Saturated Fat and Choles-
terol group.The diet has a noticeable impact on hepatic en-
zymes both in animals [58-60] and in healthy humans [61].
A clear relationship between marked rises in transaminases
and the consumption period of a high carbohydrate diet in
humans has been shown, whilst the same does not apply
when receiving an isocaloric high fat-high carbohydrate diet.
Therefore, carbohydrate rather than fat may be the key factor
for disturbed liver function tests [62].

Other studies on liver models of steatosis in rats feeding
on HF diets show that typical steatosis with or without lobu-
lar inflammation, increased liver “markers” compared with
the control group [63]. Paradoxically, long-term high-
saturated-fat/high-cholesterol feeding did not induce signifi-
cant changes in serum hepatic enzymes in the HF fed groups
compared with the control group, something that was also
observed by others [64, 65].

In terms of renal function tests, serum urea levels were
decreased in the HSF/HCH fed groups, compared with the
control group, something that is not in accordance with the
findings of others where rodents received HF and high cho-
lesterol diets [66].The biochemical reactions leading to the
production of urea take place in the liver. It is probable that
the decrease in serum urea levels is associated with the ex-
tensive liver damage caused due to the increased fat infiltra-
tion of hepatic tissue [67].

Hepatic steatosis in our study was induced by a HF diet,
in agreement with the literature [68]. Histological examina-
tion of the liver revealed signs of periportal inflammation in
group HC(B) without distinct fibrotic changes; these histo-
logical alterations have also been described in human obesi-
ty. In accordance withour results, other adult male Wistar rat
experiments show the highest rates of liver steatosis in
groups receiving a HF diet [69].

The effect of duration of HF feeding is important as it
may be the main determinant for the observed non-linear
progression of liver fat accumulation [70]. Thus, liver fat
levels may be alternatively decreasing and increasing during
prolonged HF feeding [71].

Dietary composition is a significant environmental factor
that may influence NAFLD severity. Various attempts have
been made linking dietary habits and NAFLD in children but
the majority of the studies did not use liver biopsy or other
imaging techniques for verification [71, 72]. Specific micro-
or macronutrients may influence cell injury, fibrosis, in-
flammation, or degree of steatosis but may not change liver
fat deposition or surrogate markers. These features can only
be assessed with biopsy-validated study designs and despite
the increased scientific interest in the effect of diet on
NAFLD, little information is available about diet in humans
with histologically ascertained NAFLD. A study that includ-
ed 43 adolescents (13 with ultrasound-confirmed-NAFLD)
found no significant differences in total energy, percentage
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of protein, percentage of carbohydrates, percentage of fat, or
cholesterol consumption compared with obese adolescents
without fatty livers [77].

The most widely accepted theory implicates insulin re-
sistance as the basic mechanism in the generation of hepatic
steatosis induced by diet [73, 74]. The presumed factors ini-
tiating the procedure leading to steatohepatitis are oxidative
stress and subsequent lipid peroxidation, pro-inflammatory
cytokines and hormones derived from adipose tissue
(adipocytokines) [75]. Antioxidants may retard the progres-
sion of NAFLD. Dietary antioxidant components including
polyphenols and vitamin E promote the biochemical and
histological improvement in NAFLD [41]. Various antioxi-
dant substances are associated with the attenuation of hepatic
hyperlipidemia both invitro and invivo [76, 77], while a
flavonoid-enriched extract has been reportedto alleviate the
HF diet-induced hepatic injuries in vivo [78]. The intake of
some cysteine-containing (antioxidant) compounds can sup-
press the activity and mRNA expression of these enzymes,
and contribute to decreased TG and cholesterol accumulation
in liver and attenuation of hepatic steatosis in diet-induced
obese mice [79, 80].

Vitamin E has been shown to improve histological dis-
ease activity in NAFLD when administered long term [81].
Animal studies improved our understanding of how vitamin
E works in NAFLD. Vitamin E may prevent the develop-
ment of NAFLD, largely by reducing oxidative stress, in-
flammation, and liver cell death by apoptosis [52]. Despite
these promising results, treatment with high dose vitamin E
should be carefully considered due to its association with
increased risk for hemorrhagic stroke and all-cause mortality
[82] in clinical trials [83].

Several studies suggest that vitamin E monotherapy is
beneficial in the early stages of NAFLD, while a drug com-
bination rather than vitamin E alone may be more effective
in treating NAFLD and NASH [84]. However, in a random-
ized long-term clinical trial with 247 NASH patients without
diabetes, where pioglitazone, high dose vitamin E or placebo
(83 subjects) were given for 2 years, only vitamin E therapy,
as compared with placebo, was associated with a higher rate
of improvement in NASH but not with improvement in fi-
brosis scores [85]. The data are still conflicting regarding
combination treatment of pharmacological agents and vita-
min E.

FUTURE STUDIES

There is a need for extensive longitudinal human trials
investigating the reversal effect of vitamin E administration
on advanced fatty liver disease in humans. Furthermore, the
appropriate dosage effect needs further investigation as well
as the effect of the route of administration.

Children with NAFLD have been reported to have a diet
that is insufficient in vitamin E which may contribute to the
pathophysiology of NAFLD [86]. Thus, prevention of
NAFLD with adequate amounts of vitamin E (i.e. dietary
consumption or supplementation) from an early age needs
further investigation especially since it is an easy and low
cost intervention.
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In clinical studies that assess the effect of vitamin E on
NAFLD, special consideration should be given to patients
that receive various pharmacological agents such as statins,
insulin sensitizers etc. In statin-receiving-patients the effect
of vitamin E is masked since statins have been shown to im-
prove liver tests [87] and ultrasonographic evidence of
NAFLD [88]. Kidney function protection and platelet inhibi-
tory activity have also been attributed to vitamin E [87,88].

Future research studies may also need to account for histo-
logic severity by differentiating simple steatosis from NASH
while the effect of low consumption of vitamin E or possible
associations to other vitamins D, C and antioxidants should
be explored. Also, well-defined patient-populations in terms
of disease risk factors, pathogenesis and prognosis are pivot-
al, for the identification of the best therapeutic regimen for
each individual NAFLD patient.

CONCLUSIONS

The present study adds to our understanding of the effect
of vitamin E on increased lipid parameters in rats and the
changes of fat deposition in the liver it may cause. Our data
support individualised supplementation with vitamin E, as it
may prevent or reverse NAFLD and NASH, even while con-
suming a HF diet. Vitamin E may be effective as a
monotherapyfor dietary-induced NAFLD and the metabolic
disturbances that accompany it. However, further clinical
studies are needed before making any definitive recommen-
dations.

DECLARATION OF CONFLICTING INTERESTS

The authors declared no conflicts of interest with respect
to the authorship and/or publication of this article.

FUNDING

The authors received no financial support for the research
and/or authorship of this article.

ACKNOWLEDGEMENTS

We thank Ms Kaliopi Perrea, Panagiotis Tsakiropoulos
and Nikos Tsakiropoulos for their valuable assistance in la-
boratory techniques.

REFERENCES

[1] Foster T, Budoff MJ, Saab S, Ahmadi N, Gordon C, Guerci AD.
Atorvastatin and antioxidants for the treatment of nonalcoholic fat-
ty liver disease: the St Francis Heart Study randomized clinical tri-
al. Am J Gastroenterol 2011;106: 71-7.

[2] Lerret SM, Skelton JA. Pediatric nonalcoholic fatty liver disease.
Gastroenterol Nurs 2008; 31: 115-9.

[3] Brunt EM. Nonalcoholic steatohepatitis: definition and pathology.
Semin Liver Dis 2001; 21: 3-16.

[4] Comar KM, Sterling RK. Review article: drug therapy for non-
alcoholic fatty liver disease. Aliment Pharmacol Ther 2006; 23:
207-15.

[5] Paschos P, Paletas K. Non alcoholic fatty liver disease and meta-
bolic syndrome. Hippokratia 2009; 13: 9-19.

[6] Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of
non-alcoholic fatty liver disease. Dig Dis 2010; 28: 155-61.

[7] Duseja A. Nonalcoholic fatty liver disease in India - a lot done, yet
more required! Indian J Gastroenterol 2010; 29: 217-25.

(8]

[]

[10]

[11]

[12]
[13]

[14]

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

The Open Cardiovascular Medicine Journal, 2012, Volume 6 95

Mantena SK, Vaughn DP, Andringa KK, et al. High fat diet induc-
es dysregulation of hepatic oxygen gradients and mitochondrial
function in vivo. Biochem J 2009; 417: 183-93.

Longato L, Tong M, Wands JR, de la Monte SM. High fat diet
induced hepatic steatosis and insulin resistance: role of
dysregulated ceramide metabolism. Hepatol Res 2011; 42(4): 412-
27.

Molendi-Coste O, Legry V, Leclercq IA. Dietary lipids and
NAFLD: suggestions for improved nutrition. Acta Gastroenterol
Belg 2010; 73: 431-6.

Kaser S, Ebenbichler CF, Tilg H. Pharmacological and non-
pharmacological treatment of non-alcoholic fatty liver disease. Int J
Clin Pract 2010;64:968-83.

van Hoek B. Non-alcoholic fatty liver disease: a brief review.
Scand J Gastroenterol Suppl 2004; 241: 56-9.

Erickson SK. Nonalcoholic fatty liver disease. J Lipid Res 2009;50
Suppl:S412-6.

Parikh N, Ahmad J. Nonalcoholic fatty liver disease: pharmacolog-
ic and surgical options. Gastroenterol Clin North Am 2011; 40:
541-59.

Lavine JE, Schwimmer JB, Van Natta ML, et al. Effect of vitamin
E or metformin for treatment of nonalcoholic fatty liver disease in
children and adolescents: the TONIC randomized controlled trial.
JAMA 2011; 305: 1659-68.

Chalasani NP, Sanyal AJ, Kowdley KV, et al. Pioglitazone versus
vitamin E versus placebo for the treatment of non-diabetic patients
with non-alcoholic steatohepatitis: PIVENS trial design. Contemp
Clin Trials 2009; 30: 88-96.

Herrera E, Barbas C. Vitamin E: action, metabolism and perspec-
tives. J Physiol Biochem 2001; 57: 43-56.

Wefers H, Sies H. The protection by ascorbate and glutathione
against microsomal lipid peroxidation is dependent on vitamin E.
Eur J Biochem 1988; 174: 353-7.

Traber MG, Atkinson J. Vitamin E, antioxidant and nothing more.
Free Radic Biol Med 2007; 43: 4-15.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972; 18: 499-
502.

Tschop M, Heiman ML. Rodent obesity models: an overview. Exp
Clin Endocrinol Diabetes 2001; 109: 307-19.

Aguila MB, Mandarim-de-Lacerda CA. Heart and blood pressure
adaptations in Wistar rats fed with different high-fat diets for 18
months. Nutrition 2003; 19: 347-52.

Paraskevas KIl, Pantopoulou A, Vlachos IS, et al. Comparison of
fibrate, ezetimibe, low- and high-dose statin therapy for the
dyslipidemia of the metabolic syndrome in a mouse model. Angi-
ology 2011; 62: 144-54.

Samuel VT, Liu Z-X, Qu X, et al. Mechanism of hepatic insulin
resistance in non-alcoholic fatty liver disease. J Biol Chem 2004;
279: 32345-53.

Buettner R, Ottinger I, Scholmerich J, Bollheimer LC. Preserved
direct hepatic insulin action in rats with diet-induced hepatic
steatosis. Am J Physiol Endocrinol Metab 2004; 286: 828-33.
Aubin M-C, Lajoie C, Clement R, Gosselin H, Calderone A, Per-
rault LP. Female rats fed a high-fat diet were associated with vas-
cular dysfunction and cardiac fibrosis in the absence of overt obesi-
ty and hyperlipidemia: therapeutic potential of resveratrol. J
Pharmacol Exp Ther 2008; 325: 961-8.

Pereira N, Monteiro F, Abraham ME. Influence of dietary fats on
weight gain in albino rats. Indian J Physiol Pharmacol 2005; 49:
206-12.

Mickelsen O, Takahashi S, Craig C. Experimental obesity. I. Pro-
duction of obesity in rats by feeding high-fat diets. J Nutr 1955; 57:
541-54.

Elshafei MM. Effect of dietary fat on serum and tissue lipids of
adult rats. J Egypt Public Health Assoc 1992; 67: 675-83.

Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;
346: 1221-31.

Buyssens N, Kockx MM, Herman AG, et al. Centrolobular liver
fibrosis in the hypercholesterolemic rabbit. Hepatology 1996; 24:
939-46.



96 The Open Cardiovascular Medicine Journal, 2012, Volume 6

(32]

(33]

(34]

(35]

[36]

(371

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[>4]

[55]

Del Moral ML, Esteban FJ, Torres MI, et al. High-fat sunflower
and olive oil diets affect serum lipid levels in steatotic rat liver dif-
ferently. J Nutr Sci Vitaminol (Tokyo) 1997; 43: 155-60.
Nishikawa S, Sugimoto J, Okada M, Sakairi T, Takagi S. Gene
Expression in Livers of BALB/C and C57BL/6J Mice Fed a High-
Fat Diet. Toxicol Pathol 2012; 40: 71-82.

Guo F, Li Y, Sun C, Niu Y, Feng R. Effects of high-fat diet on
blood lipids in rats. Wei Sheng Yan Jiu 2011; 40: 40-2.

Cintra DEC, Costa AV, Peluzio MdCG, Matta SLP, Silva MTC,
Costa NMB. Lipid profile of rats fed high-fat diets based on flax-
seed, peanut, trout, or chicken skin. Nutrition 2006; 22: 197-205.
Raubenheimer PJ, Nyirenda MJ, Walker BR. A choline-deficient
diet exacerbates fatty liver but attenuates insulin resistance and
glucose intolerance in mice fed a high-fat diet. Diabetes 2006; 55:
2015-20.

Adams LA, Angulo P, Lindor KD. Nonalcoholic fatty liver disease.
CMAJ 2005; 172: 899-905.

Zelber-Sagi S, Ratziu V, Oren R. Nutrition and physical activity in
NAFLD: an overview of the epidemiological evidence. World J
Gastroenterol 2011; 17: 3377-89.

Uchida K, Nomura Y, Kadowaki M, Takase H, Takano K,
Takeuchi N. Age-related changes in cholesterol and bile acid me-
tabolism in rats. J Lipid Res 1978; 19: 544-52.

Terpend K, Bisson J-F, Gall CL, Linares E. Effects of ID-alG(™)
on weight management and body fat mass in high-fat-fed rats.
Phytother Res 2012; 26(5) :727-33.

Zhang D, Xie L, Jia G, et al. Comparative study on antioxidant
capacity of flavonoids and their inhibitory effects on oleic acid-
induced hepatic steatosis in vitro. Eur J Med Chem 2011; 46: 4548-
58.

Alam N, Yoon KN, Lee TS. Antihyperlipidemic activities of
Pleurotus ferulae on biochemical and histological function in
hypercholesterolemic rats. J Res Med Sci 2011; 16: 776-86.
Visavadiya NP, Narasimhacharya AVRL. Sesame as a
hypocholesteraemic and antioxidant dietary component. Food
Chem Toxicol 2008; 46: 1889-95.

Andrus SB, Fillios LC, Mann GV, Stare FJ. Experimental produc-
tion of gross atherosclerosis in the rat. J Exp Med 1956; 104: 539-
54.

Fujioka T, Nara F, Tsujita Y, Fukushige J, Fukami M, Kuroda M.
The mechanism of lack of hypocholesterolemic effects of pravas-
tatin sodium, a 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitor, in rats. Biochim Biophys Acta 1995; 1254: 7-12.

Dolphin PJ, Forsyth SJ. Nascent hepatic lipoproteins in hypothy-
roid rats. J Lipid Res 1983; 24: 541-51.

Roach PD, Balasubramaniam S, Hirata F, et al. The low-density
lipoprotein receptor and cholesterol synthesis are affected different-
ly by dietary cholesterol in the rat. Biochim Biophys Acta 1993;
1170: 165-72.

Diniz YS, Rocha KKHR, Souza GA, et al. Effects of N-
acetylcysteine on sucrose-rich diet-induced hyperglycaemia,
dyslipidemia and oxidative stress in rats. Eur J Pharmacol 2006;
543: 151-7.

Schaffer JE. Lipotoxicity: when tissues overeat. Curr Opin Lipidol
2003; 14: 281-7.

Brizzi P, Tonolo G, Carusillo F, Malaguarnera M, Maioli M,
Musumeci S. Plasma lipid composition and LDL oxidation. Clin
Chem Lab Med 2003; 41: 56-60.

Wu D, Meydani SN. Age-associated changes in immune and in-
flammatory responses: impact of vitamin E intervention. J Leukoc
Biol 2008; 84: 900-14.

Nan Y-M, Wu W-J, Fu N, et al. Antioxidants vitamin E and 1-
aminobenzotriazole prevent  experimental non-alcoholic
steatohepatitis in mice. Scand J Gastroenterol 2009; 44: 1121-31.
Raso GM, Esposito E, lacono A, et al. Comparative therapeutic
effects of metformin and vitamin E in a model of non-alcoholic
steatohepatitis in the young rat. Eur J Pharmacol 2009; 604: 125-
31

Malik Z, Sharmaa P. Attenuation of high-fat diet induced body
weight gain, adiposity and biochemical anomalies after chronic
administration of ginger (Zingiber officinale) in wistar rats. Int J
Pharmacol 2011; 7: 801-12.

Traber M, Ed. Vitamin E. 10" ed. Baltimore, MD: Lippincott Wil-
liams & Wilkins; 2006.

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Tzanetakou et al.

Miller ER, 3rd, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel
LJ, Guallar E. Meta-analysis: high-dosage vitamin E supplementa-
tion may increase all-cause mortality. Ann Intern Med 2005; 142:
37-46.

Klein EA, Thompson IM Jr, Tangen CM, et al. Vitamin E and the
risk of prostate cancer: the Selenium and Vitamin E Cancer Preven-
tion Trial (SELECT). JAMA 2011; 306: 1549-56.

Bidlack WR, Brown RC, Mohan C. Nutritional parameters that
alter hepatic drug metabolism, conjugation, and toxicity. Fed Proc
1986; 45: 142-8.

Dannenberg AJ, Yang EK. Effect of dietary lipids on levels of
UDP-glucuronosyltransferase in liver. Biochem Pharmacol 1992;
44: 335-40.

Yang EK, Radominska A, Winder BS, Dannenberg AJ. Dietary
lipids coinduce xenobiotic metabolizing enzymes in rat liver.
Biochim Biophys Acta 1993; 1168: 52-8.

Porikos KP, Van ltallie TB. Diet-induced changes in serum trans-
aminase and triglyceride levels in healthy adult men. Role of su-
crose and excess calories. Am J Med 1983; 75: 624-30.

Purkins L, Love ER, Eve MD, et al. The influence of diet upon
liver function tests and serum lipids in healthy male volunteers res-
ident in a Phase I unit. Br J Clin Pharmacol 2004; 57: 199-208.

Xu P, Zhang XG, Li YM, Yu CH, Xu L, Xu GY. Research on the
protection effect of pioglitazone for non-alcoholic fatty liver dis-
ease (NAFLD) in rats. J Zhejiang Univ Sci B 2006; 7: 627-33.
Mofrad P, Contos MJ, Haque M, et al. Clinical and histologic
spectrum of nonalcoholic fatty liver disease associated with normal
ALT values. Hepatology 2003; 37: 1286-92.

Ahmed U, Redgrave TG, Oates PS. Effect of dietary fat to produce
non-alcoholic fatty liver in the rat. J Gastroenterol Hepatol 2009;
24: 1463-71.

El-Kirsh AA, Abd EI-Wahab HM, Abd-Ellah SHF. The effect of L-
arginine or L-citrulline supplementation on biochemical parameters
and the vascular aortic wall in high-fat and high-cholesterol-fed
rats. Cell Biochem Funct 2011; 29: 414-28.

Lum G, Leal-Khouri S. Significance of low serum urea nitrogen
concentrations. Clin Chem 1989; 35: 639-40.

Horton JD, Cuthbert JA, Spady DK. Regulation of hepatic 7 alpha-
hydroxylase expression and response to dietary cholesterol in the
rat and hamster. J Biol Chem 1995; 270: 5381-7.

Tacikowski T, Nowicka G, Bujko J, Walewska-Zielecka B,
Dzieniszewski J. Effect of high-fat diet, rosiglitazone on lipid pro-
file, insulin resistance and liver steatosis development. Pol Arch
Med Wewn 2005; 113: 213-22.

Gauthier M-S, Favier R, Lavoie J-M. Time course of the develop-
ment of non-alcoholic hepatic steatosis in response to high-fat diet-
induced obesity in rats. Br J Nutr 2006; 95: 273-81.

Quiros-Tejeira RE, Rivera CA, Ziba TT, Mehta N, Smith CW,
Butte NF. Risk for nonalcoholic fatty liver disease in Hispanic
youth with BMI > or =95th percentile. J Pediatr Gastroenterol Nutr
2007; 44: 228-36.

de Piano A, Prado WL, Caranti DA, et al. Metabolic and nutritional
profile of obese adolescents with nonalcoholic fatty liver disease. J
Pediatr Gastroenterol Nutr 2007; 44: 446-52.

Wang C, Burkhardt BR, Guan Y, Yang J. Role of pancreatic-
derived factor in type 2 diabetes: evidence from pancreatic beta
cells and liver. Nutr Rev 2012; 70: 100-6.

Anderson N, Borlak J. Molecular mechanisms and therapeutic
targets in steatosis and steatohepatitis. Pharmacol Rev 2008; 60:
311-57.

Duvnjak M, Lerotic I, Barsic N, Tomasic V, Virovic Jukic L,
Velagic V. Pathogenesis and management issues for non-alcoholic
fatty liver disease. World J Gastroenterol 2007; 13: 4539-50.

Li Y, Luo YC, Chen G, et al. Comparison of protective effects
between Oat B-Glucan and phenol-Rich extracts in Hyperlipidemic
ICR Mice. J Food Drug Anal 2011; 19: 49-57.

Cai S, Huang C, Ji B, et al. In vitro antioxidant activity and inhibi-
tory effect, on oleic acid-induced hepatic steatosis, of fractions and
subfractions from oat (Avena sativa L.) ethanol extract. Food Chem
2011; 124: 900-5.

Wu C-H, Yang M-Y, Chan K-C, Chung P-J, Ou T-T, Wang C-J.
Improvement in high-fat diet-induced obesity and body fat accumu-
lation by a Nelumbo nucifera leaf flavonoid-rich extract in mice. J
Agric Food Chem 2010; 58: 7075-81.



Water Soluble Vitamin E Administration in Wistar Rats

[79]

[80]

[81]

[82]

[83]

Lin C-C, Yin M-C. Effects of cysteine-containing compounds on
biosynthesis of triacylglycerol and cholesterol and anti-oxidative
protection in liver from mice consuming a high-fat diet. Br J Nutr
2008; 99: 37-43.

Sinha-Hikim 1, Sinha-Hikim AP, Shen R, et al. A novel cystine
based antioxidant attenuates oxidative stress and hepatic steatosis
in diet-induced obese mice. Exp Mol Pathol 2011; 91: 419-28.
Musso G, Cassader M, Rosina F, Gambino R. Impact of current
treatments on liver disease, glucose metabolism and cardiovascular
risk in non-alcoholic fatty liver disease (NAFLD): a systematic re-
view and meta-analysis of randomised trials. Diabetologia 2012;
55: 885-904.

Sesso HD, Buring JE, Christen WG, et al. Vitamins E and C in the
prevention of cardiovascular disease in men: the Physicians' Health
Study Il randomized controlled trial. JAMA 2008; 300: 2123-33.
Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C.
Antioxidant supplements for prevention of mortality in healthy par-
ticipants and patients with various diseases. Cochrane Database
Syst Rev 2012; 3: CD007176.

[84]

[85]

[86]

[87]

(88]

The Open Cardiovascular Medicine Journal, 2012, Volume 6 97

Adinolfi LE, Restivo L. Does vitamin E cure nonalcoholic
steatohepatitis? Expert Rev Gastroenterol Hepatol 2011; 5: 147-50.
Violi F, Cangemi R. Pioglitazone, vitamin E, or placebo for nonal-
coholic steatohepatitis. N Engl J Med 2010; 363: 1185-6; author
reply 6.

Vos MB, Colvin R, Belt P, et al. Correlation of vitamin E, uric
acid, and diet composition with histologic features of pediatric
NAFLD. J Pediatr Gastroenterol Nutr 2012; 54: 90-6.

Athyros VG, Tziomalos K, Gossios TD, et al. Safety and efficacy
of long-term statin treatment for cardiovascular events in patients
with coronary heart disease and abnormal liver tests in the Greek
Atorvastatin and Coronary Heart Disease Evaluation (GREACE)
Study: a post-hoc analysis. Lancet 2010; 376: 1916-22.

Athyros VG, Tziomalos K, Daskalopoulos GN, Karagiannis A,
Mikhailidis DP. Statin-based treatment for cardiovascular risk and
non-alcoholic fatty liver disease. Killing two birds with one stone?
Ann Med 2011; 43: 167-71.

Received: June 04, 2012

© Tzanetakou et al.; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.

Accepted: July 15, 2012



