
Redox homeostasis can be considered as the cumulative action of all free radical reactions and antioxi-
dant defences in different tissues, which provide suitable conditions for life. Transition metal ions are
ubiquitous in biological systems. Beta vulgaris var. rubra (table beet root) contains several bioactive
agents (e.g. betain, betanin, vulgaxanthine, polyphenols, folic acid) and different metal elements (e.g. Al,
B, Ba, Ca, Cu, Fe, K, Mg, Mn, Na, Zn), which act on the various physiological routes. Therefore we stud-
ied the effect of this metal rich vegetable on element content of the liver in healthy rats. Male Wistar rats
(n = 7) (200 ± 20 g) were treated with lyophilised powder of table beet root (2 g/kg b.w.) added into the
rat chow for 10 days. Five healthy animals served as control. We found significant accumulation of Cu,
Fe, Mg, Mn, Zn and P in the liver, which was proved by ICP-AES measurements. We suppose that the
extreme consumption of table beet root can cause several disturbances not only in cases of healthy
patients but, e.g. in patients suffering with metal accumulating diseases, e.g. porphyria cutanea tarda,
haemochromatosis or Wilson disease-although moderate consumption may be beneficial in iron-defi-
ciency anaemia and inflammatory bowel diseases. 
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INTRODUCTION

Transition metal ions are ubiquitous in biological systems. They have function in the
regulation of signal mechanisms and through the functioning of transcription factors,
which influence the expression of different genes [6]. The presence and absence of
these elements significantly modify the processes of poliferation, apoptosis and
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necrosis [3, 5, 13]. In redox homeostasis a few essential elements (Fe, Cu, Zn, Mn)
catalyses both oxidative and antioxidative processes as well. The role of Se and S is
also very important in the antioxidant defence. Substitution of feeding with essential
trace elements from natural sources, such as vegetables is not doubtful [15].

Nutritional physiological effects of Beta vulgaris ssp. esculenta var. rubra have
been known. Special colour pigments are red beta-cyanines and yellow beta-xan-
thines. This vegetable is a good liver protecting betanin, and polyphenol source. Its
active compound is folic acid as well [12]. Betanine and polyphenol contents have
antibacterial properties. Natural coloured pigment contents of this vegetable are
important food colouring, which substitute E123 colouring matter of yogurts, ice
creams, meets, soya products etc. [16].

Table beet root lyophilised powder contains a lot of several bioactive agents, and
metal elements as well: vitamin B1 = 25.0 μg/100 g, vitamin B2 = 35.0 μg/100 g, vit-
amin B6 = 0.07 μg/100 g, vitamin C = 13.0 mg/100 g, biotin = 5.0 μg/100 g, folic
acid = 73.0 μg/100 g, Al = 29.22 μg/g, B = 14.42 μg/g, Ba = 25.13 μg/g, Ca = 2821
μg/g, Cu = 8.58 μg/g, Fe = 39.9 μg/g, K = 32,661 μg/g, Mg = 2043 μg/g, Mn = 24.53
μg/g, Na = 3964 μg/g, P = 21.53 μg/g, Zn = 21.47 μg/g, Ash alkanity = 11.0 pH. High
K and Mg contents of root are also beneficial from physiological point of view [12]. 

In this feeding experiment the aims were to evaluate the effect of metal rich table
beet root on element content of rat liver and on the redox homeostasis during high
dose administration.

MATERIALS AND METHODS

The lyophilised powder of table beet root (Beta vulgaris L. ssp. esculenta var. rubra)
variety Bonel was applied in this study [16].

Male Wistar albino rats (200 ± 20 g b.w.) were used in the experiment. Animals
were divided into two groups, 5 animals served as control and 7 animals were treat-
ed. The animals in group I were kept on a normal diet obtained from BIOFARM
PROMT Kft (Gödöll�, Hungary). The animals in group II kept on a normal diet and
treated with table beet root lyophilised powder (2 g/kg b.w.). At the end of the feed-
ing, the rats were anaesthetised with Nembutal (35 mg/kg) and the animals were
exsanguinated from abdominal vein. Liver was removed, washed and homogenised
in ice-cold isotonic KCl solution.

H-donor activity was determined in the presence of a 1,1-diphenyl-2-picryl-hydra-
syl radical. Absorbance of the methanolic DPPH-dye was assessed spectrophoto-
metrically at 517 nm. For characterization of the activity, inhibition % was given to
the DPPH degradation [4].

Oyaizu’s method was adopted for analysis of the reducing power. The change in
absorbance was measured, which accompanied Fe3+ – Fe2+ transformation at 700 nm,
and the reducing power property was compared to that of ascorbic acid [10].

Free SH-groups were determined by the Sedlak and Lindsay method based on the
Ellmann reaction [14].



Diene conjugates were measured by AOAC methods at 232 nm [1].
The induced free radical level was determined by chemiluminescence method in

a H2O2/OH-luminol-microperoxidase system. The total volume of the reaction mix-
ture system was 710 μl. The chemiluminescence light intensity given in RLU %
(relative light unit %) is reduced in the presence of free radical scavenger com-
pounds [2.]

Protein content of the liver homogenate was measured according to Lowry et
al. [8].

Element concentration in the liver homogenate samples was determined in three
parallel measurements with an ICP-AES (inductively coupled plasma atomic emis-
sion spectrometer). Type of instrument: ICAP 61, Thermo Jarrell Ash Co. After
digestion of the liver samples (1 g) with a mixture of nitric acid (5 ml) and hydrogen
peroxide (2 ml) and dilution to 10 ml with deionised water, the concentration of 23
elements (Al, As, B, Ba, Ca, Cd, Co, Cu, Fe, Ga, Hg, Li, Mg, Mn, Mo, Ni, P, Pb, Se,
Sr, Ti, V, Zn) was determined. Three times three seconds integration time, blank sub-
traction and background correction were applied during the measurements. 

Permission Number TUKEB 24/1996, renewed 2005 (permitted by the Regional
Committee of Science and Research Ethics Semmelweis University, Budapest,
Hungary).

All values are presented as mean ± SD. The differences between the two groups
were examined by Student’s t-probe. Differences were considered statistically sig-
nificant at p < 0.05.

RESULTS

The short-term (10-day-long) feeding with table beet root lyophilised powder in high
dose (2 g/kg b.w.) justified that the table beet under applied circumstances, can
enhance the concentrations of essential metal element Cu, Fe, Mg, Mn and Zn in
liver as well as the concentration of P, which is the key element for signal transduc-
tion routes in the cells (Table 1). The concentration of Ca, Cu, Fe, Mg, Mn, P and Zn
was significantly changed after table beet feeding, while there was no observed alter-
ation in the concentration of Al, Ba, Mo, Ni, Sr and Ti. The concentration of As, B,
Cd, Co, Ga, Hg, Li, Pb, Se and V was under the detection limit in all cases, there-
fore, these elements were omitted in Table 1.

No specific H-donor activity, free SH-group concentration and reducing power
were elevated significantly, when the healthy animals were fed with lyophilised table
beet root as can be seen and in spite of diene conjugate content increased, the scav-
enger capacity of the liver was strengthened because of significant antioxidant prop-
erty of table beet root (Table 2). Metal element accumulations in the liver from table
beet root contributed to the changed output of redox homeostasis in healthy rat.

This treatment lowered the liver weight/body weight ratio, which was
0.0458 ± 0.004 in control animals and 0.0412 ± 0.002 in treated animals. The differ-
ence was significant.
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DISCUSSION

The redox homeostasis and element homeostasis are in close association. The free
radicals are formed by metal element catalysis, and eliminated by metal content
enzymes. Redox changes – trace elements – can regulate, e.g. the transcription fac-
tors NF-κB and AP-1 as well as Keap1, which regulates the phase 2 response. Keap1
is a zinc metalloprotein. Redox signalling influences the growth and death of the
cells [3, 5, 6, 9, 11]. The accumulating metal elements occur in several proteins and
enzymes, such as antioxidant CuZnSOD, MnSOD, catalase and glutathione peroxi-
dase. Zn-metallothioneins influence the subcellular distribution of trace elements and

Table 1
Element concentration (mg/kg d.m.) in rat liver homogenates

Elements Control group (n = 5) Treated group (n = 7)

Al 3.41 ± 1.09 3.03 ± 1.10
Ba 1.78 ± 0.19 1.67 ± 0.09
Ca 848.34 ± 171.21 741.4 ± 32.27*
Cu 13.96 ± 1.41 15.45 ± 0.64*
Fe 257.40 ± 34.96 365.60 ± 44.47*
Mg 602.54 ± 18.93 665.70 ± 14.03*
Mo 2.59 ± 0.45 2.32 ± 0.24
Mn 7.10 ± 0.42 8.522 ± 0.50*
Ni 0.23 ± 0.51 0.14 ± 0.19
P 10837 ± 866 12792 ± 341*
Sr 1.88 ± 0.24 1.71 ± 0.06
Ti 0.29 ± 0.27 0.12 ± 0.17
Zn 79.14 ± 6.38 87.88 ± 5.15*

* = level of significance P < 0.05

Table 2
Changes in redox property of rat liver during table beet treatment

H-donatig Reducing Free Diene- Luminescence
Samples ability power SH-group conjugates intensity

(inhibition %) (mmol AS/gprot.) (mmol/g prot.) (Abs. 232 nm) (RLU %)

Control 37.17 222.72 0.0608 0.231 93.01
group ±1.39 ±20.74 ±0.004 ±0.084 ±0.13
(n = 5)

Treated 41.48 266.57 0.0672 0.288 47.18 
group ±2.86* ±34.37* ±0.004* ±0.131 ±25.16*
(n = 7)

* = level of significance P < 0.05.



may also sequester Fe, thus preventing its participation in free radical reactions in
hepatocytes [11]. The redox active Fe occurs mainly in haem containing proteins
such as haemoglobin, cytochrome P450, phagocyte oxydase etc.

A healthy system needs antioxidant and metal element rich vegetable consumption
as well as other bioactive agents and can tolerate occasional the reactive molecule
and trace element overflow between wide boundaries. Besides this, redox homeosta-
sis and element homeostasis do not change [7]. However, the reactions of sick organ-
isms – e.g. genetically determined Fe accumulating haemochromatosis and porphyria
cutanea tarda or Cu accumulating Wilson disease as well as the iron-deficiency
anaemia and the malnutrition of inflammatory bowel diseases – can be different and
that is why everybody must be cautious when recommending table beet root supple-
ments.

Extreme consumption of table beet root both in the vegetable form and in coloured
pigment in yogurts, ice creams, meets, soya products etc. can cause several distur-
bances not only in healthy people but in patients suffering from metal accumulating
diseases, although moderate consumption may be beneficial in metal-deficiency dis-
eases. Other bioactive agents must also be followed with attention.
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