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AbstrAct
Introduction:  Mammalian cells produce hydroxyl (∙OH) radicals during normal and pathological metabolic 

processes. Due to their unpaired electron, ∙OH radicals are able to degrade nearly any type of biomolecules 
including lipids, proteins and nucleic acids.

Objectives: As excessive ∙OH radicals production leads to irreversible damage of cell structures, triggering 
and/or maintenance of pathological processes, using antioxidant supplements could have beneficial effects in 
reducing oxidative stress and maintaining a positive health status. The aim of this study was to evaluate the ∙OH 
radical scavenger capacity of Natural SOD, green barley juice produced by Cantacuzino Institute.

Methods: By using Hydroxyl Radical Absorbance Capacity (HORAC) and Oxygen Radical Absorbance 
Capacity (ORAC) methods, we studied the antioxidant properties (hydroxyl and peroxyl radicals scavenging 
activities) of Natural SOD and its fractions (Natural SOD < 10 kDa and Natural SOD > 10 kDa). 

Results: Our results showed that all Natural SOD samples had similar ∙OH scavenger capacity, with non-
significant time and temperature-dependent variations, while the peroxyl radical scavenging capacity significantly 
decreased after 11 months of storage at 4-8 ⁰C or 20-25 ⁰C. 

Conclusion: The obtained data, correlated with our previous results, provide additional information on the 
mechanisms underlying antioxidant capacity of Natural SOD and offer premises for studying the role of Natural 
SOD in acute and chronic inflammatory disorders.

Keywords: hydroxyl radicals, green barley, antioxidant, scavenger, Natural SOD.

rEZUMAt
Introducere: Celulele mamaliene produc radicali hidroxil (∙OH) în procesele metabolice normale şi 

patologice. Datorită electronilor nepereche, aceşti radicali pot degrada aproape orice tip de biomolecule, inclusiv 
lipide, proteine și acizi nucleici. 

Obiective: Producţia excesivă de radicali ∙OH duce la deteriorarea ireversibilă a structurilor celulare. 
Utilizarea suplimentelor alimentare antioxidante ar putea avea efecte benefice în diminuarea stresului oxidativ şi 
menţinerea unei stări de sănătate corespunzătoare. Scopul acestui studiu a fost testarea capacitatii de epurare a 
radicalilor hidroxil de catre SOD Natural, suc de orz verde produs de Institutul Cantacuzino.

Metode: Utilizând metodele HORAC (Hydroxyl Radical Absorbance Capacity) și ORAC (Oxygen Radical 
Absorbance Capacity), am studiat proprietăţile antioxidante (de epurare a radicalilor hidroxil și peroxil) ale SOD 
Natural și ale fracțiunilor sale (SOD Natural < 10 kDa şi SOD Natural > 10 kDa). 

Rezultate: Rezultatele obţinute au arătat că toate probele de SOD Natural prezintă capacităţi similare de 
epurare a radicalilor ∙OH, cu variaţii nesemnificative în funcţie de timp şi temperatură; în schimb, capacitatea 
de epurare a radicalilor peroxil a scăzut semnificativ după 11 luni în care probele au fost depozitate la 4-8 ⁰C sau  
20-25 ⁰C.

Concluzie: Datele obţinute, corelate cu rezultatele anterioare, aduc un plus de informaţie privind mecanismele 
ce stau la baza capacităţii antioxidante a SOD Natural şi oferă premisele pentru studierea rolului acestuia în 
disfuncţiile inflamatorii acute şi cronice.

Cuvinte-cheie: radicali hidroxil, orz verde, antioxidant, epurator, SOD Natural.
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Fig. 1. Generation of free oxygen radicals in mammalian cells. ∙O2
- superoxide anion; H2O2 hydrogen peroxide; 

OH hydroxyl radicals, RO∙ alkyl radicals; ROO- peroxyl radicals; ONOO- peroxynitrite; NO∙ nitric oxide;  
SOD superoxide dismutase; GPx glutathione peroxidase; CAT catalase

IntrodUctIon

Hydroxyl radicals (∙OH) are considered 
the most reactive oxygen species in biological 
systems [1]; they are produced continuously 
in oxygen-reducing reactions to water and the 
generated amounts become significant under 
hypoxia conditions [2].

Mammalian cells use several me cha nisms to 
produce ∙OH radicals (Fig. 1). In mitochondria, 
superoxide anion (∙O2

-) and hydrogen peroxide 
(H2O2) can interact with transition metals such 
as iron or copper through a Haber-Weiss/ 
Fenton-type reaction leading to ∙OH radical 
formation [3]:
Metal3+ + ∙O2

- —› Metal2+ + O2    
(Haber-Weiss reaction)

Metal2+ + H2O2 —› Metal3+ + OH- + ∙OH 
(Fenton reaction)

Haber-Weiss/Fenton reactions were also 
described in lysosomal compartment and 
endoplasmic reticulum [4, 5].

H2O2 conversion to ∙OH is of major phy-
siological importance due to H2O2 ability to 
cross cell membranes and diffuse a considerable 
distance and promote free radical synthesis in 
cell compartments other than those already 
mentioned [6].

Moreover, in mitochondria, peroxynitrite 
conversion to ∙OH (Beckman-Radi-Freeman 
pathway) represents an additional pro-
oxidative mechanism [7].

Due to their high reactivity (t1/2 = 1ns) OH 
radicals are able to degrade nearly any type of 
biomolecules, including  lipids, RNA, DNA 
(both nuclear and mitochondrial) and proteins 
[7, 8, 9]. Hydroxyl radicals and their derivatives 
contribute to normal biological processes 
such as cell growth and differentiation, em-
bryo genesis, neurotransmission, defence 
against microorganisms, biotransformation of 
xenobiotics, platelet aggregation etc [10, 11]. 
Similar to other reactive oxygen species, ∙OH 
radicals are key players in complex responses 
to internal and environmental stimuli and 
adaptation processes. 

As excessive free oxygen radicals 
(including ∙OH radicals) production leads to 
irreversible damage of cellular components, 
aerobic organisms developed both enzymatic 
and non-enzymatic antioxidant systems able 
to reduce free radical production, to inhibit 
their action or to contribute to repair of altered 
cellular structures. Oxidative stress occurs 
when the balance between oxidant production 
and antioxidant defenses is disturbed in favor 
of oxidants. 

Hydroxyl radical production is followed by 
cellular alterations - lipid peroxidation, mito-
chondrial dysfunction, exhausting enzyme 
activities, increase in intracellular free calcium 
and fibrin polymerization nuclear protein and 
DNA reactions - most often with pathological 
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consequences such as inflammation, altered 
immune functions including autoimmune pro-
cesses, neurodegeneration, metabolic disor-
ders, fetal growth restriction and malignant 
transformation [12, 13, 14, 15, 16, 17, 18].

Using antioxidant supplements could 
have beneficial effects in reducing oxidative 
stress and maintaining a positive health status. 
Recent studies have shown controversial 
effects of synthetic antioxidants. As plants 
are able to synthesize and to accumulate high 
amounts of free oxygen radical scavenging 
compounds [19], natural supplements with 
antioxidant properties represent a valuable 
option for reducing oxidative stress without 
adverse effects.

Because of its high content in antioxidant 
compounds (phenolics, aminoacids, biomo-
lecules with scavenging properties, pigments, 
enzymes and minerals) barley (Hordeum 
vulgare) represents one of the most important 
raw materials for antioxidant supplements of 
vegetal origin [20, 21, 22]. In vivo studies have 
shown that green barley juice is able to inhibit 
percentages of lipid peroxidation in guinea 
pig brain (50% when compared with control 
group) [23]. In addition to a high content of 
biomolecules with SOD-like activity, barley 
crude extract is able to increase SOD activity in 
human (healthy donors) platelets [24]. 

Natural SOD is a green barley juice pro-
duced by Cantacuzino National Medico-Mili-
tary Insti tute for Research and Development, 
with antioxidant properties (SOD-like, perox-
idase-like and peroxyl radical scavenger activ-
ity) [25, 26], being recommended for people 
working under stress conditions (intense phys-
ical and mental effort), as well as environments 
with risk to health (e.g. ionizing radiations, 
toxic compounds).

Aiming for a deep investigation concern-
ing the properties of Natural SOD, we obtained 
two fractions: < 10 kDa and > 10 kD. Series of 
green barley juice samples – Natural SOD (to-
tal), Natural SOD < 10 kDa and Natural SOD > 
10 kDa - were stored at 4-8 ⁰C (recommended 
storage temperature) or 20-25 ⁰C (room tem-
perature) for one year. Using HORAC (Hy-
droxyl Radical Absorbance Capacity) fluori-
metric method all samples were tested monthly 
for hydroxyl radical scavenger capacity.

As pollution can affect crop soils, the accu-
mulation of heavy metals in the soil could con-
taminate plants grown in those places. Heavy 
metals are able to interfere with photosynthetic 
processes in green barley, to induce oxidative 
stress and to inhibit plant growth [27]. Heavy 
metal intoxication in humans is associated 
with genotoxicity, car cinogenicity and neu-
rotoxicity, all these pa tho logical effects being 
mediated mainly through oxidative stress [3, 
28, 29]. Thus, the possibility of heavy metal ac-
cumulation and the barley plant [30] could oc-
cur, which supports the analysis of the Natural 
SOD product and the content of heavy metals.

MAtErIALs And MEtHods

Samples: 
“Natural SOD” samples from 8 different 

batches (2015, 2016) were used for centrifugal 
separation (Amicon Ultra 4 mL centrifugal 
filter NMWL 10 kDa, 4000 rpm, 15 min, 4 °C) 
of the SOD Natural > 10 kDa fractions (upper 
tube) and SOD Natural < 10kDa (on the 
bottom of the tube). Following aliquotation in 
hermetically sealed tubes under sterile hood to 
avoid atmospheric oxygen-induced decrease 
of antioxidant capacity and contamination, 
Natural SOD samples were kept at 4-8 ⁰C and 
20-25 ⁰C respectively; the antioxidant capacity 
was tested monthly (T0 – T11).

HORAC (Hydroxyl Radical Absorbance 
Capacity) method is based on the degradation 
(hydrogen atom transfer (HAT) process) of 
fluorescein by the hydroxyl radicals gene-
rated by hydrogen peroxide (H2O2). The 
presence of an antioxidant compound reduces 
the degradation of fluorescein, a process evi-
denced by a slower decrease in fluorescence 
over time. The antioxidant capacity of the 
test products is quantified by reference to 
a gallic acid standard curve [31, 32]. The 
fluorescein degradation process was followed 
by fluorimetric measurements (kinetics, λex = 
485 nm, λem = 523 nm, 50 cycles, Δt between 
readings = 1min). The results were expressed in 
gallic acid equivalents (Gallic Acid Equivalents 
= 1 μM gallic acid).

ORAC (Oxygen Radicals Absorbance Ca-
pacity) method is very similar with HORAC, 
designed to measure the scavenger activity 
of a compound or a product against peroxyl 
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radicals generated by 2,2’-Azobis (2-amidino-
propane) dihydrochloride (AAPH). We used a 
validated a hydrophylic ORAC technique, as 
described in a previous publication [25].

Aiming to identify and quantify some 
chemical and biochemical compounds (phos-
phorus, zinc, selenium and B1, B2, D3, E 
Vitamins respectively), as well as for testing the 
heavy metals content of Natural SOD, samples 
from the same batch were tested according to 
international standards (see Tables 1-3). The 
tests were made by Hamilton Romania. Given 
measurement uncertainty was estimated for 
the coefficient k = 2 and 95% confidence level.

Data analysis and statistical methods
All results are expressed as means +/- 

standard deviation of 8 batches – correspond-
ing values per timepoint. Statistical significance 
was determined using two tails t student test. 
A p-value < 0.05 was considered significant. 

rEsULts And dIscUssIon

By studying the Natural SOD capacity 
to scavenge ∙OH radicals, one cannot notice 
significant differences between samples kept at 
4-8 ⁰C and those kept at 20-25 ⁰C (valid for all 
three types of samples - Natural SOD (total), 
Natural SOD > 10 kDa, Natural SOD < 10 kDa) 
(Fig 2). However, in all three cases, one can 
notice a decreasing trend of the ∙OH radicals 
scavenging capacity for samples kept at room 
temperature. When comparing T11 timepoint 
(11 months) with T0, we obtained significant 
variations of ∙OH radical scaveger capacity for 
Natural SOD < 10 kDa and Natural SOD (total) 

samples kept at 20-25 ⁰C (p = 0.03 and 0.01 
respectively).

For the samples kept at 4-8 ⁰C, apparently 
higher average values were obtained for Natu-
ral SOD > 10kDa. However the corresponding 
standard deviations are higher and the differ-
ences between samples are not significant. 

Concerning the peroxyl radical scavenging 
capacity of Natural SOD, we noticed a 
significant decrease within 11 months for the 
three types of tested samples (p < 0.01): Natural 
SOD (total), Natural SOD < 10 kDa and Natural 
SOD < 10 kDa (Fig. 3). 

The loss of scavenger activity was 
accelerated for Natural SOD (total) kept at 
20-25 ⁰C. These results, together with the data 
obtained for the other types of tests (SOD-like 
activity, peroxidase-like activity and HORAC), 
contribute to the establishment of the validity 
period for Natural SOD and recommend 4-8 ⁰C 
as long-term storage temperature.

The scavenger capacities of Natural SOD 
(total) and Natural SOD < 10 kDa (for both 
∙OH and peroxyl radicals) showed similar 
time dependent variations, either for samples 
kept at 4-8 ⁰C, or for samples kept at room 
temperature (20-25 ⁰C).

Natural SOD samples (with already 
proven GPx-like activity) are added in HORAC  
reaction system before H2O2 to ∙OH conversion 
to start. This makes difficult to consider if 
Natural SOD acts on 2 different routes - ∙OH 
scavenger and GPx-like activity – or its effect 
is due to a direct action on H2O2 (by GPx-like 
activity), preventing H2O2 processing into 
∙OH (Fig. 4). Non significant time dependent 

Fig. 2. The scavenging capacity of ∙OH radicals for Natural SOD (total), Natural SOD > 10 kDa,  
Natural SOD < 10 kDa kept at 4-8 ⁰C and 20-25 ⁰C respectively. Each point represents the mean value for the  
8 batches tested at the specified time and temperature
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variations of the ∙OH radical scavenging 
capacity for all types of Natural SOD samples 
(Natural SOD (total), Natural SOD > 10 kDa, 
Natural SOD < 10 kDa), together with the 
significant time - dependent decrease of GPx-
like activity (data not shown) sustain the 
hypothesis that the ∙OH decrease shall be on 
the basis of Natural SOD GPx-like activity and 
not on the basis of a scavenging capacity itself 
for the mentioned radicals.

Oxidative stress is often associated with 
an accumulation of iron in the cell. Studies 
conducted in our laboratory have demonstrated 
that Natural SOD has non significant capacity 
to reduce Fe3+ ions (FRAP - Ferric Reducing 
Antioxidant Power – method) and to neutralize 
ONOO- radicals (non-cellular Griess method) 
(data not shown).

To summarize, the antioxidant capacity 
of Natural SOD is due to SOD and GPx- like 
activity, as well as scavenging activity against 

∙OH and ROO- radicals (Fig. 4). The measured 
antioxidant effects could be due to enzymes, 
pigments (e.g. chlorophyll), hydrosoluble  
vitamins, or to other compounds not yet iden-
tified [33]. Natural SOD contains the assembly 
of existing amino acids within the green bar-
ley juice, including serine, glycine, histidine, 
arginine, threonine, alanine, tyrosine, leucine 
and tryptophan (data not shown). In vivo stud-
ies demonstrated that the vast majority of the 
listed amino acids were involved in reducing 
oxidative stress [34, 35, 36, 37, 38, 39, 40, 41, 42, 
43, 44, 45].

Natural SOD contains antioxidant vita-
mins such as B1 (thiamine), B2 (riboflavin), 
B9 (folic acid) and C (ascorbic acid) (Table 
1). The contents of Vitamins E and D3 in the 
Natural SOD (green barley juice) are under the 
detection limits; these results can be explained 
by the fact that both of them are liposoluble 
vitamins.

Fig 3. The ROO- radicals scavenging capacity for Natural SOD (total), Natural SOD < 10 kDa,  
Natural SOD > 10 kDa samples, kept at 4-8 ⁰C and 20-25 ⁰C respectively. Each point represents the mean value  
for 8 tested batches at the specified time and temperature. TE = Trolox Equivalent (1TE = 1 µM Trolox)
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Table 1. Vitamin content of Natural SOD Product 

Test Result Method Recommended daily 
allowance (RDA) for adults 

Vitamin B1 
(thiamine) 

0.03 mg/100 ml PN-A-79011-4;1998 1.4 mg 

Vitamin B2  
(riboflavin) 

0.03 mg/100 ml PN-A-79011-4;1998 1.6 mg 

Vitamin B9  
(folic acid) 

2.92ug/100 g PB-327 ed I / 30.11.2015 0.4 mg (optimum 1 mg) [46] 

Vitamin C  
(ascorbic acid) 

5.7 mg/100 g 
PB-135/HPLC, ed II / 
15.09.2015 

75 mg – women;  
90 mg – men [47] 

Vitamin E  
(α-tocopherol) 

< 0.1 mg/100 ml 
PB-40/HPLC ed. III / 
28.02.2009 

15 mg 

Vitamin D3  

(cholecalciferol) 
< 0.25 μg/100 g PN-EN 12821:2009 20 mg 

 

Our results also point out the fact that the vitamin content is under the recommended daily 

allowance (RDA), sustaining the fact that Natural SOD could be used as a food supplement without 

any overdosing risk concerning these biochemical compounds. Moreover, the natural forms of 

vitamins are preferred, being absorbed with higher efficiency compared with synthetic vitamins. 

The chemical and biochemical content of Natural SOD (Table 2) explains the beneficial effect of 

the product in promoting healthy state: maintaining electrolyte balance and good functioning of the 

nervous system (sodium, potassium) [48, 49, 50, 51], cardiovascular system (folic acid, vitamin C, 

Potassium) [48, 49, 50, 51, 52, 53, 54, 55] of the bone system (calcium, phosphorus) [56, 57, 58], 

adequate energy metabolism (phosphorus, carbohydrates) [59], antioxidant processes and immune 

function (vitamin C) [55 ,60] (vitamin C, proteins) [55] etc. Vitamin C (ascorbic acid) is important 

in maintaining iron and copper in reduced state at the active sites of many oxidases and peroxidases 

[61]. 

  

Table 1. Vitamin content of Natural SOD Product
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Our results also point out the fact that the 
vitamin content is under the recommended 
daily allowance (RDA), sustaining the fact 
that Natural SOD could be used as a food 
supplement without any overdosing risk 
concerning these biochemical compounds. 
Moreover, the natural forms of vitamins 
are preferred, being absorbed with higher 
efficiency compared with synthetic vitamins.

The chemical and biochemical content of 
Natural SOD (Table 2) explains the beneficial 
effect of the product in promoting healthy 
state: maintaining electrolyte balance and good 

functioning of the nervous system (sodium, 
potassium) [48, 49, 50, 51], cardiovascular 
system (folic acid, vitamin C, potassium) 
[48, 49, 50, 51, 52, 53, 54, 55] of the bone 
system (calcium, phosphorus) [56, 57, 58], 
adequate energy metabolism (phosphorus, 
carbohydrates) [59], antioxidant processes and 
immune function (vitamin C) [55, 60] (vitamin 
C, proteins) [55] etc. 

Vitamin C (ascorbic acid) is important 
in maintaining iron and copper in reduced 
state at the active sites of many oxidases and 
peroxidases [61].
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Table 2. Chemical and biochemical composition of Natural SOD 

Test Result Method 
Recommended daily 

allowance (RDA) for adults 
Proteins 0.56 % SR EN 25663:2000  
Carbohydrates 2.5 % PB-287 ed I, 27.09.2014  
Phosphorus 2 mg/liter  SR EN ISO 10304-1:2009 800-1200 mg [62] 
Potassium 4170 mg/kg SR EN ISO 15587-2:2003 

 SR EN ISO 11885:2009 
 40-100 mEq [63]  

Calcium 295 mg/kg 1000-1200 mg [64] 
Sodium 239 mg/kg 2300 mg [65] 
Magnesium 128 mg/kg  320 mg – women;  

 420 mg – men [66] 
Manganese 1.25 mg/kg  8-10 mg [67] 
Gluten Not detected PB-139 ed IV, 13.05.2013  Not recommended in case of  

 gluten intolerance  
 

Phosphorus (as phosphates) is an essential nutrient involved in the body's energy cycle (through 

ATP molecules), regulation of acid-base balance, cell signaling, mineralization of bones and teeth 

(as a component part of hydroxyapatite). Phosphorus plays an important structural role in 

membrane phospholipids and genetic material (siRNA, DNA). The level of phosphorus in the 

normal diet is not dangerous, especially due to the proper intake of calcium and Vitamin D [68]. 

Most dietary supplements do not contain significant doses of phosphorus, maintaining the low 

intake of this nutrient [69]. Phosphorus supplementation could play a role in calcium efficacy by 

reducing the risk of osteoporosis [70, 71]. 

Similar to whole plants (comestible parts), the green barley juice confirms the “food synergy” 

concept [72], the action of the matrix on human organisms being greater than the summed actions 

of the individual components that could be isolated during technological process. 

The analysis of the heavy metal composition of SOD Natural revealed the following results (Table 

3). 

  

Table 2. Chemical and biochemical composition of Natural SOD

Fig. 4. The main reactive oxygen species with biological significance (superoxide, O2
-∙, hydroxyl radical, ∙OH, 

peroxyl, ROO∙, nitric oxide and peroxynitrite, ONOO-) and the key points where Natural SOD exerts its 
antioxidant activity (green)
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Phosphorus (as phosphates) is an essen-
tial nutrient involved in the body’s energy 
cycle (through ATP molecules), regulation of  
acid-base balance, cell signaling, mineraliza-
tion of bones and teeth (as a component part 
of hydroxyapatite). Phosphorus plays an im-
portant structural role in membrane phospho-
lipids and genetic material (siRNA, DNA). The 
level of phosphorus in the normal diet is not 
dangerous, especially due to the proper intake 
of calcium and Vitamin D [68]. Most dietary 
supplements do not contain significant doses 
of phosphorus, maintaining the low intake of 
this nutrient [69]. Phosphorus supplementa-
tion could play a role in calcium efficacy by re-
ducing the risk of osteoporosis [70, 71].

Similar to whole plants (comestible parts), 
the green barley juice confirms the “food 
synergy” concept [72], the action of the matrix 
on human organisms being greater than the 
summed actions of the individual components 
that could be isolated during technological 
process.

The analysis of the heavy metal composition 
of SOD Natural revealed the following results 
(Table 3).

Our results show that none of the tested 
heavy metals exceeded the toxicity limit, which 
supports both the safe use of the Natural SOD 
product and the lack of these elements in the 
soil where barley culture is cultivated.

Fractions with the scavenging capacity for 
∙OH radicals have greater antioxidant activity 
than Natural SOD (total). However, this 
finding does not indicate the need to introduce 
an intermediate step of product splitting. It is 

possible and preferable that these biochemical 
compounds with antioxidant capacity should 
be released from macromolecular complexes 
inside the organism, as a result of gut digestion 
and absorbtion.

Comparative testing of single batches 
from different years is required to identify the 
variation range for HORAC values associated 
with Natural SOD. In addition, our results 
demonstrate that the HORAC method is 
suitable for testing the scavenger capacity of 
∙OH radicals for the Natural SOD product, 
both for its better characterization and as a 
quality control method for the batches of the 
current production.

concLUsIons

Our results indicate that Natural SOD 
is able to neutralize ∙OH radicals. All tested 
samples, Natural SOD (total), Natural SOD > 
10 kDa, Natural SOD < 10 kDa, show a similar 
·OH scavenger capacity, with nonsignificant 
temperature dependent variations. However, 
a decreasing trend of the ∙OH radicals 
scavenging capacity was observed for samples 
kept at room temperature (20-25 ⁰C).

The free oxygen radical scavenger 
properties of Natural SOD seem to be based 
on peroxyl radicals scavenging capacity 
(higher for Natural SOD < 10 kDa fraction). 
Neutralizing peroxyl radicals is highly de-
pendent on the temperature (significant 
decreased values for all samples kept at room 
temperature). These data, correlated with our 
previous results, indicate 4-8 ⁰C as the optimal 
storage temperature for Natural SOD. 

Hydroxyl radical scavenger activity of natural sod
 

Table 3. The concentration of heavy metals in Natural SOD product 
 

Test 
Natural SOD 

corresponding value Method Toxicity limit 

Cadmium 0.0022 mg/L PN-EN 15763:2010 ≤ 0.005 mg/L 

Nickel 0.044 mg/L PB-223/ICP, ed. II  
from 12.01.2015 

< 1 mg 

Lead 0.022 mg/L PN-EN 15763:2010 There is no known level of 
lead exposure that is 

considered safe. 
Mercury < 0.0006 mg/L PB-30/CVAAS ed. V from 

18.09.2012 
< 0.002 mg/L 

Arsenic < 0.01 mg/L PN-EN 15763:2010 0.01 mg/L 
 

Our results show that none of the tested heavy metals exceeded the toxicity limit, which supports 

both the safe use of the Natural SOD product and the lack of these elements in the soil where barley 

culture is cultivated. 

 

Fractions with the scavenging capacity for ·OH radicals have greater antioxidant activity than 

Natural SOD (total). However, this finding does not indicate the need to introduce an intermediate 

step of product splitting. It is possible and preferable that these biochemical compounds with 

antioxidant capacity should be released from macromolecular complexes inside the organism, as a 

result of gut digestion and absorbtion. 

Comparative testing of single batches from different years is required to identify the variation range 

for HORAC values associated with Natural SOD. In addition, our results demonstrate that the 

HORAC method is suitable for testing the scavenger capacity of •OH radicals for the Natural SOD 

product, both for its better characterization and as a quality control method for the batches of the 

current production. 

 

CONCLUSIONS 

Our results indicate that Natural SOD is able to neutralize ·OH radicals. All tested samples, Natural 

SOD (total), Natural SOD >10 kDa, Natural SOD <10 kDa, show a similar ·OH scavenger capacity, 

with nonsignificant temperature dependent variations. However, a decreasing trend of the ·OH 

radicals scavenging capacity was observed for samples kept at room temperature (20-25⁰C). 

The free oxygen radical scavenger properties of Natural SOD seem to be based on peroxyl radicals 

scavenging capacity (higher for Natural SOD <10 kDa fraction). Neutralizing peroxyl radicals is 

highly dependent on the temperature (significant decreased values for all samples kept at room 

Table 3. The concentration of heavy metals in Natural SOD product
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The biomolecules responsible for the 
antioxidant capacity of Natural SOD, as well 
as the corresponding reaction mechanisms, 
are not yet identified and fully understood. 
Future studies could clarify the biochemistry 
of Natural SOD and could help identifying 
new beneficial effects for human health.

In most cases, oxidative stress contributes 
to the onset and development of inflammatory 
processes. Our results could sustain in vitro 
and in vivo studies aiming to investigate the 
capacity of Natural SOD to act as an adjuvant 
in treating acute and chronic inflammatory 
processes.
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