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ABSTRACT: The prevalence of non-alcoholic fatty liver disefS8FLD), being a component of metabolic
syndrome, has increased (15-27%) in the industedliworld. The deep mechanism of this pathologyois
clear, but it is multifactorial. There is a huge amt of food supplements and medicines with
hepatoprotective effect on the market, but the NBRiroblem is far from being resolved. Hepatopratect
products have to provide wide spectra of biologietikcts, including antioxidant, hypolipidemic, ant
inflammatory action. It is peculiar to natural camopds, including red beetroot juice, which is vikelbwn to
most of the population. This is important in viewtloe high prevalence of NAFLD. The aim of this stusl

to evaluate the curative effect of fractionatedubtyafiltration red beetroot juice in rats with fbanduced
liver steatosis.

Keywords: Non-alcoholic liver steatosis; Hepatoprotectionypblipidemic effect; Red beetroot juice;
Ultrafiltration; Rat.

1. INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is defthas the presence of hepatic macro-vesicular fat
accumulation after exclusion of other causes oérligteatosis. NAFLD encompasses a broad clinical
spectrum ranging from fatty liver to fibrosis, tiosis and hepato-cellular carcinoma. Ongoing persie of
obesity with an increasing rate of diabetes willr@ase the prevalence of NAFLD. There has been erglen
increase in the prevalence of NAFLD, with Asia liegdthe rise, yet the United States is followingsely
behind with a rising prevalence from 15% in 2002%6%6 within 5 years [1]. NAFLD (a civilization disse&l)
has a prevalence of 25-30% in unselected popukataord has become the main reason for referrals to
hepatology services [2].

NAFLD is commonly associated with metabolic syndeonobesity, diabetes and hyperlipidemia.
Nearly 80% of patients with metabolic syndrome hive-LD [3]. Epigenetics, an inheritable phenomenon
that affects gene expression without altering at EINA sequence [4], dietary factors and especiailiyn
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fructose consumption play a role in NAFLD developin®].

NAFLD in children also is becoming a major healtimeern. The prevalence of NAFLD in children is
8% in the general population and 34% in the contéxitbesity [6]. A “multiple-hit” pathogenetic modeas
been suggested to explain the progressive liveragamin addition to the accumulation of fat in tiver,
insulin resistance and oxidative stress due to reetiigepigenetic background, unfavorable lifestylgst
microbiota, and perturbances of trace element hetasis have been shown to be critical for disease
progression. Currently there are no approved agawmsslable for the treatment of NAFLD. Effective
pharmacological treatments are still under devekagrfi]

It is logical that for a solution of a global pteim such as NAFDL, attempts are made to use natural
compounds: specific activity has been studiedsfbisandra sinensis [8], Chinese traditional medicine herbal
formulations [9] as well as carotenoids [10], cumiu derivatives [11] as well as omega-3 fatty acids
flavonoids, isothiocyanates and many other phytodbals [12].

It is known that red beetroot juice provides adieprotective effect. First of all, it was demoastd
on toxic hepatitis experimental models. Long teeding with beetroot juice showed the protectieatfof
Beta vulgaris against oxidative liver damage, induced by hepaticogenic N-nitrosodiethyamine (NDEA)
in rats. [13]. It was reported, that beetroot cooddused for the treatment and prevention of aléoliger
disease [14], one of the pathogenesis mechanismhbioh is fat accumulation in liver cells.

To check how red beetroot juice impacts cell fatabolism, we used rat bone marrow stromal
mesenchymal multipotent cells (BMSMMC), i.e. stewll ccultures [15], as a model. It is known that
BMSMMC differentiate into a variety of cell typesgcluding osteoblasts (bone cells), chondrocytestijage
cells) and adipocytes (fat cells). The directiorBMSMMC differentiation may be modulated by addiiog
the cultivation medium, including phytochemical§]INative and fractionated by ultrafiltration rbdetroot
juice cut-off-points 100 KDa) were tested regardihgin vitro differentiation of the cells mentioned. It was
found, unlike native red beetroot juice, the fratited one significantly suppressed stem cell adipic and
stimulated osteogenic differentiation [15].

Fractionated red beetroot juice (FRBJ) chemicatmasition is as follows (in 100 ml): betacyanins 70
mg, vulgaxantin-1 40 mg, betain 350 mg, sucrosegsl§sozyme 1.2 mg, phenolic compounds total 14&G
(in gallic acid equivalent) [17 ].

The above mentioned fact about the FRBJ effectem sell differentiatiorin vitro led us to evaluate
the therapeutic effect of FRBJ on laboratory anémeith food-induced fatty liver. Note that we werat in a
position to induce liver steatosis neither with ighkfat diet nor with hepatotoxic chemicals, butthwi
excessive feeding, which is more analogous toifestyle of target group patients. On the otherdhame
proceeded from the fact that red beetroot contsamse potent antioxidants as well as other substazce
has antianemic, anticarcinogenic, antipyretic, xieemt, vasoactive, lipotropic and antibacteriabpmrties.
Additionally, the NAFDL problem is global in natyrg affects people of all ages; it means the pobvdar
prevention and treatment of this pathology hasetedfe and widely available. The objective of dudg was
to evaluate the long term curative effect via anglestion of fractionated by ultrafiltration reddteot juice
in rats with experimental food-induced fatty liver.

2. MATERIALSAND METHODS
2.1. Animals

Randomized Wistar rats were used: both sexes, %kavell with body mass 182-189 g. Before
experiments rats were acclimatized and housedsiaradard rodent cage at a temperature of 2C-28d a
dark-light cycle 12 h/12 h. The experiment was appdoby the local Animal Ethics Committee Service
(Riga, Latvia, authorization reference number 13;dbeber 22, 2008).
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2.2. Study design

Rats were divided randomly into 8 groups of 7 lseadch (Fig. 1). For 30 days the rats were fed
standard diet (protein 20%, total fat 4,8 %, casylavhte 59,4%, fibre 13%, energy value 14,0 MJ/kgy. the
next 30 days the rats consumed a tlietoses 20 g/day (Groups 1, 2, 5, 6) or 60 g/@pps 3, 4, 7, 8) to
induce animal obesity. Drinking water was providedibitum. From the 3% to 60" day the rats of Groups 1,
3, 5, 7 continued receive the standard diet omigl,the rats of Groups 2, 4, 6, 8 obtained additipnmer os 1
ml of fractionated red beetroot juice (FRBJ), pregaas it was described [17]. At the end of experitnon
the 60" day, the animals were weighted, blood samples waten for biochemical analyses. Rats were
euthanized by the method of cervical dislocatid].[Retroperitoneal, paraepydidymic, abdominakvel as
inguinal fat, was collected and weighed after rattification.

n=7 20 g/d
o o ©
A Ay Group 1
8 20g/d _ +FRB)
O A O Group 2
n=28 60g/d
randomized i - € Group3
e 60g/d < +FRBJ
= s €) Group4d
n=7 _ 20 g/d = o
J NS Group 5
9 ., 208/d _ +FRBJ
L\ N O Group 6
n=28 60 g/d
randomized & - € Group7
-~ 60g/d - +FRBJ
Oy & O Group 8
L X A y )
experimental period: 1 month 2 month

Figure 1. Experimental design. Groups 1, 2 5, 6 consume2@ig daily (intact rats), Groups 3, 4, 7, 8 caned diet
60 g daily (obese rats). FRBJ — fractionated resdrbet juice, given per os 1 ml to each animal.

2.3. Blood analysis

At the end of experiment heparinized venous blfroth each rat was analyzed for biochemical
parameters (blood serum, glucose, triglyceriddsyrain, total cholesterol as well as HDL-C and LDL-C
alanine aminotransferase (ALT) and aspartate anainsterase (AST) performed on a ILAB 300+ analyzer
(Instrumentation Laboratory, USA).

2.4. Histological study

Liver specimens were fixed in 10% formaldehyde ydiehted in ascending grades of ethanol and
embedded in paraffin, sections stained with hemgiioxBio Optica) and eosin (Dia-Path) and PASat&an
for glycogen and then examined under light micrpgcélistological analysis was performed by a blohde
observer. Steatosis was defined as mild (5%-33bepéatocytes affected), moderate (33%-66%) and sever
(>66%).

2.5. Statistical analysis

All statistics were performed using the softwatatiStica 7. Results of body weight and visceral fa
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mass of rats and biochemical parameters are pessastmeans+ SE. Multiple group comparison was done
usingone-way ANOVA andPost-hoc Tukey HSD test.

3.RESULTS

In two months body mass of control rats was 26§£temale) and 324+6 g (male) (Table 1). FRBJ
ingestion by intact rats (Groups 2 and 6) induckbdb glucose concentration, visceral fat mass avd/ b
weight increase, but did not impair the blood lifedrel. Due to the high energy value of FRBJ, tbeyb
weight in male rats (Group 2) increased.

Table 1. Impact of fractionated red beetroot juice (FRBIYpody weight and visceral fat mass of intact aad animals
with experimental obesity at the end of experiment.

Male Female
. * % * %
Animals Body Body Visceral Body Body Visceral
Group ! weight Group i weight
weight, g . fat mass, g weight, g A fat mass, g
gain, g gain, g
Intact rats 1 32445 61+3F 11.9+0.2 5 26545 29+2 10.10.%
'”t‘;‘;gs T 34548 72+8 12.940.3 6 265+7 33+3  11.0:0.2
Obese rats 3 40610  104+7 14.30.4 7 286+4 48+2 15.9+0.P
Obese rats+ 436+8 64+2 121404 8 264+8 18+F  10.9+0.2

FRBJ
*Statistically different or similar within columncaording toPost-hoc Tukey HSD test (p< 0.05)
** Body weight gain for the period of 31 — 60 dayfsthe experiment.

Table 2. Effect of fractionated red beetroot juice (FRBd)mood biochemical indices in intact rats and aigwith
experimental obesity.

Group Albumin ALT AST Glucose ch-clJ—IOetsatJeroI HDL-C LDL-C Triglycerides
g/l U/l U/l mmol/l mmol/l mmol/l mmol/l mmol/l
Male

1 (intact) 44+ 597 146+ 7 45+03 20+02 14+0F 1.0+02 09+0.72
2 (intact+FRBJ) 424 55+6 159+ % 52+04° 19+02 13+02 1.1+0.72 1.0+£0.2

3 (obese) 41422 61+ 7P 144+%  6.0+06 1.8+0.2 1.1+0.FP 14+02  1.6+0.F
4 (obese+FRBJ)  43#3 58+% 132+@ 6.0:0.P 15+0F 1.1+02 1.2+0F  1.4+0.2°

Female

5 (intact) 44+%  53+4  139+8 54+1.3 1.7+06 1.1+0.F 09+0F 1.0:0.2
6 (intact+FRBJ) 45+  44+4  123+8 62+0.8 1.9+0.7 1.1+02° 13+04 1.0+04°

7 (obese) 4581  41+7  145+3 75+0F 15+03 1.2+02° 1.0+02 16x0.3
8 (obese+FRBJ)  45#1 42+9  106+8 7.4+0.6  1.6+0.Ff 1.4+0f 07+0.Ff 0.6+0.2

*Statistically different or similar within columrcaording to Post-hos Tukey HSD test (p< 0.05)

Feed overconsumption caused body weight incredagbe end of the experiment, the body weight of
animals in Groups 3 and 7 exceeded the control [@&®ups 1 and 5) by 25% and 8% respectively. rAfte
FRBJ administration, obese rats demonstrated wegjght retardation, as well as visceral fat masg,dro
especially in female rats. This effect was not dateel with the quantity of consumed feed: male fe¢sl
consumption with and without FRBJ were 22.4 vs52flday and female — 23.0 vs. 22.6 g/day.

FRBJ ingestion by obese animals caused their Hiogigiceride concentration to fall dramatically b
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60% (females), the proportion of cholesterol fraiesi HDL-C/LDL-C changed from 1.20 to 2.12, although
the total cholesterol level did not change (TableThis fact is the basis for the speculation thahg FRBJ
diminishes the risk of atherosclerosis.

Histological analysis of the liver samples for Gps 1 and 5 (standard diet fed) showed normal kepat
architecture without any evidence of hepatic st&atcAt the same time, FRBJ supplementation to the
standard diet (Groups 2 and 6) caused the appeacdmenpty vacuoles within the hepatocyte cytopldsu
the number of these cells did not exceed 2 %. irast, livers from the animals of Group 3 (malesbrats)
had macro- and micro-vesicular steatosis. Thesegelsawere most marked in the portal and midzone
hepatocytes.

These animals also showed minimal to no peripanfdmmation and fibrosis. Steatosis for Group 7
(female obese rats) was most prominent within et hepatocytes and less prominent in the midzone
hepatocytes. In Groups 3 and 7 liver specimenadisatvas classified as moderate to severe (Fiy12B1).
FRBJ ingestion significantly eliminated hepaticastsis in female obese rats (Group 8) and, to setes
extent, in male obese rats (Group 4) (Fig. 2, B2). Alepatocytes with variably sized cytoplasmicuaes
were rarely encountered in livers from the formepeximental groupThe majority of Group 7 specimens
had no portal inflammation.

Figure 2. Photomicrograph (H&E.X20) of liver of male (A) afieimale (B) obese rats. Al: liver of obese ratsith
marked periportal steatosis (Group3). A2: many tmpdes in rats, given fractionated red beetroatejFRBJ),
contain moderate sized cytoplasmic vacuoles (GAupl: moderate micro-vesicular steatosis in olvate(Group
7). B2: only few and small cytoplasmic lipid droggeare in rats, given fractionated red beetrooteuiFRBJ)
(Group 8).
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4. DISCUSSION

The experiments on the rats showed that FRBJ bialkese body weight gain, visceral fat mass and
improves the blood cholesterol fraction HDL-C/LDLLoportion as wellNAFLD is associated with the
components of metabolic syndrome and, especialgceval obesity which seems to be an important
etiological factor [19]. During one month of FRB3ey it diminished blood triglyceride concentratiamd
caused histo-morphologically proven liver releakabexcess.

What could be the explanation of red beetroottfiggic and hepatoprotective effects? In the opimibn
Hashem et al. [20] this phenomenon is associatédtive action of two novel flavonoids, isolatednfr@eta
vulgaris leaves, that showed hepato-protective effectsts aa high-fat-diets, provided a positive effect on
the blood lipid profile, liver function enzymes atie histopathological picture.

It seems FRBJ specific activity is related to ope but several substances. Here it is appropiate

mention data that in the rats with high-fat indugezh-alcoholic fatty liver disease, the polysacatear
fraction isolated from chicoryGhicoriumintybus) significantly ameliorated symptoms of NAFLD [21].
One of the components in our tested red beetraoe finaction with a curative effect may be betaiRBBJ
contains betaine by 17% more than does native eetfdot juice [17]. Betaine provides a hepato-mtdie
effect in mice on a high-fat diet. This effect isated to betaine’s capability to impact insulin ¢tions via
intracellular insulin-depending signal transductem well as reduce liver and other organs anddisslis
insulin resistance [22].

Another explanation of FRBJ specific effects mayals follows: some substances or their composition
may be activated after some inhibitors are remoweng juice processing by ultrafiltration. Attentids
drawn to the fact that FRBJ also increased bodghtajain in intact male rats (Group 2). This anabeffect
(visceral fat mass was not changed (Table 2) &\lila result of a testosterone-mediated increassuiscle
mass. Betaine has been shown to increase muscteandgeduce fat mass or both in poultry and 8% [
Testosterone is a key regulator of protein synthg2#4]. Furthermore, obesity decreases testosterone
production [25].

The results of our histo-morphological liver stuslyow that the severity of NAFLD in males was
higher than in females. From the other side tha thaticated more pronounced therapeutic effectRBJon
lipid metabolism in rat obese females than malass coincides with the data about the prevalendeepftic
steatosis being significantly higher in boys (41)1%an in girls (17.2%). The authors suggest sigaift
association of NAFLD with markers of visceral obgsind insulin resistance in both genders and gender
specific associations with parameters of body isttidution and sex steroids [26].

In the present study, FRBJ supplementation duBthdays decreased weight gain in obese rats, st lea
partly, due to the ability of betaine to decreasenhass [27]. FRBJ ingestion probably also indumtber
mechanisms responsible for fat synthesis and adetiowi in tissues.

A two-hit hypothesis has been proposed to undmistae pathogenesis of NAFLD: the first hit
includes excess fat accumulation in the liver, d@inel second hit consists of oxidative stress anil lip
peroxidation with increased generation of inflamomatcytokines [28]. Perhaps, at least partiallg btepato-
protective FRBJ effect is related to tBeta vulgaris anti-inflammatory effect [29]. In our study, thearimal
protective effect was found in animal Group 8 (F3y.with histo-morphologically proven minimal pdrta
inflammation.

It is known that one of the liver steatosis pa#hmogic factors is oxidative stress and antioxidants
provide hepato-protective action. FRBJ contains fgigment betalain which consists of two main
components: violet/red and yellow pigments — bedadys and betaxantins, whose antioxidant effectecs
their anthocyanin activity [30]Beta vulgaris red pigment [31], as well as the yellow one [3R4s the
capacity to neutralize free radicals. An interaggtionclusion was made by Rahimi et al. [33]: bétalérom
red beetroot, as well as from fruit of tBpuntia genus of cacti, provide an anti-dyslipidemic effect
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Nevertheless, it must be recognized that the ligidemic activity mechanism of red beetroot product
remains unclear. To explain them via an antioxigefieta vulgaris effect only is not possible.

Beetroot product (crisps) diminish total serum lekterol and triacylglycerol level in rats on a
dyslipidemic diet, and modifgaecum activity, altering intensification afaecum fermentation [34]. Intestinal
host — microbiome interactions play diverse rotethe pathogenesis and progression of NAFDL [35ie Of
the FRBJ hepato-protection mechanisms may be detatthe products antibacterial effect on gut nfiaota,
first of all due to lysozyme, whose concentratioiFRBJ is by 19%igher, than in native red beetroot juice.
Excessive intestinal microflora may be a cause nbahal fat accumulation in tissues [36].

It is an important fact that in our study specéfticacy of FRBJ has been shown in laboratory afsm
fed with standard, but not high-fat feed. Our NAFeKperimental model was closer to the essenceroihu
pathology. In total, FRBJ supplementation leads: tmarked biochemical and histological improvemant i
decreasing of excessive hepatic fat accumulatidnipid metabolism in obese rats.

5. CONCLUSION

A hepato-protective and a hypo-lipidemic effecE&BJ is probably the result of the complex activity
of betalains, betaine as well as other identified mot identified compounds, where not only cheinitass
of the substances matters, but also its propodi®rwell as the absence of some inhibitors remowed b
ultrafiltration.

We suppose FRBJ will be good base for safe anecttfé medicines, dietary supplements and
functional food for prevention and treatment of afetlic syndrome, dyslipidemia, adiposity, liverattesis
and other pathology.
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