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Diabetes is one of  the main health concerns, especially in developed countries. During 
the last few decades, the percentage of  diabetic persons is constantly increasing. 
Although the genetic factors have a strong influence in the development of  diabetes, 
environmental influence (physical inactivity, inadequate nutrition leading to obesity) 
also have an important impact. The main objective of  this investigation was to evaluate 
the possible influence of  organic sprouted whole wheat grain flourless bread Tonus® 
(product of  Trivit, Becej, Serbia) on DNA damage at various stages of  progression 
through type 2 diabetes mellitus (T2DM). In addition to control (non-diabetic) subjects 
we analyzed obese, pre-diabetic and diabetic patients, for a total of  four experimental 
groups. All subjects used to eat Mediterranean diet for at least two years before 
being included in our study. In each of  four groups we had five persons practicing 
the Mediterranean diet but instead of  bread they consumed flourless bread Tonus®. 
The DNA damage was evaluated on peripheral blood mononuclear cells by alkaline 
single cell gel electrophoresis (Comet) assay at the very beginning (before starting the 
Tonus® bread diet), and after exactly the three months of  consumption of  Tonus® 
bread. Statistical analysis revealed that only in patients with type 2 diabetes, Tonus® 
bread intake led to decreased DNA damage compared to the level of  DNA damage of  
these patients before they started Tonus® bread diet. We assume that decrease of  body 
weight and hyperinsulinemia caused by Tonus® bread in the diet might be one of  the 
main causes of  decreased DNA damage.  
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INTRODUCTION

The obesity and diabetes mellitus type 2 (T2DM) are constantly increasing worldwide, 
especially in developed countries [1]. Global climate changes, environmental pollution 
and use of  chemical additives in all human activities, lead to disturbances in the 
ecosystem and food production [2]. Changes in lifestyle, especially in diet habits, 
have caused epidemics of  obesity during last decades. Furthermore, the consumption 
of  food of  animal origin has been steadily increasing in the recent decades, which 
additionally could contribute to human metabolic disorders, having in mind the 
potential of  hormone residues in animal food products [3]. One of  the highly 
esteemed foodstuff  in human diet is cow’s milk which contains essential nutrients, 
including proteins, carbohydrates, minerals and vitamins, however intake of  certain 
types of  milk proteins can lead to endocrine disorders, such as diabetes [4]. Obesity 
is very often accompanied by endocrine and cardiovascular disturbances [5]. During 
the period from the year 1980 till 2008, the number of  people diagnosed with diabetes 
(90% of  that are T2DM) increased from 153 million to 347 million [1]. From an 
epidemiological point of  view, obesity is an important risk factor of  the metabolic 
syndrome.  Apart from obesity, metabolic syndrome is characterized by insulin 
resistance which may lead to arterial hypertension, hyperlipidemia, hyperinsulinemia 
and increase of  glycaemia [6-8]. Diabetes occurs as a consequence of  these disturbances. 
There are two main kinds of  diabetes: type 1 (insulin-dependent diabetes mellitus) and 
type 2 (insulin independent diabetes mellitus). Both types have systemic disturbance 
in regulation of  blood sugar concentration. In diabetes mellitus type 1 (DMT1) the 
pancreas is not producing enough of  insulin, while in DMT2 there is enough insulin 
but the reactivity of  tissues/receptors to insulin is lowered or completely absent [9,10]. 
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) play an important 
role in the pathogenesis of  insulin-dependent diabetes because they induce oxidative 
stress. Various cells in the human body are permanently exposed to the effects of  
ROS created in the processes of  oxidative catabolism in the mitochondria or during 
different redox cycles [11]. At physiological level, free radicals are created and very 
quickly neutralized by enzymatic and non-enzymatic mechanisms [12]. However, the 
normal functions of  cells are disturbed in the metabolic syndrome. Also, antioxidative 
defense systems are weakened in metabolic syndrome leading to accumulation of  large 
quantities of  ROS which causes damage to cell organelles and nucleic acids, so in the 
long run the cell death (apoptosis) may ocurr [13]. Many clinical studies point that 
it is necessary to use antioxidant substances in order to mitigate the harmful effects 
of  ROS to the cells. During the last years, there were different investigations on the 
influence of  various diets to the human health [14]. Human nutrition investigations 
today, are focused on the concept of  the full diet instead on particular components of  
food items. Diets with ultra-processed components consumed in large amounts, such 
as additives or margarine with fitosterols, do not lead to long term improvement of  
human health, nor to the decrease of  risk for chronic diseases. In contrast, these diets 
can increase the occurrence of  some chronic diseases [15]. 
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The Mediterranean diet was described for the first time during the 1960-ies by Ancel 
Keys [16]. This diet is based on various food intakes, mainly of  plant origin. The 
percentage of  fat in this diet should be about 30% and not more than 40%  [16,17]. 
The main part of  the diet are fruits and vegetables, then leguminoses, cereals, olive oil, 
and very little amounts of  animal origin food [18,19]. Previous epidemiological studies 
have shown that high intake of  fruits and vegetables lowers the risk of  diabetes mellitus 
development. Various components of  the Mediterranean diet have a high content of  
antioxidant substances which significantly decrease insulin resistance in patients with 
the metabolic syndrome [20]. The dietary fibers present in sufficient amounts in the 
bread have a very important role in control of  diabetes. The recommended daily intake 
of  fibers is 25-30 g. It is assumed that soluble fibers play very important role in the 
metabolism of  fats and glucose [21].
In our investigation we explored the influence of  3 months of  consumption of  sprouted 
whole grain flourless bread “Tonus” (Trivit d.o.o., Bečej, Serbia) in combination with 
Mediterranean diet on the level of  DNA damage in the Comet assay. According to 
the available literature data, influence of  sprouted whole grain flourless bread was not 
investigated on diabetes and oxidative stress in humans. 
The main objective of  this investigation was to evaluate influence of  organic sprouted 
whole grain flourless bread Tonus® (product of  Trivit, Becej, Serbia) on DNA damage 
at various stages of  progression through type 2 diabetes mellitus. 

MATERIALS AND METHODS

Ethics statement

All participants gave a written consent to participate in this investigation, and it was 
also approved by the Ethical Committee of  Serbian Medical Society, Belgrade. 

Subjects

In this study, 20 women were included, divided into four equal experimental groups. 
We chose women because they were much more prevalent in comparison to men 
among unhealthy subjects. The first group comprised healthy subjects, the second 
obese, third one prediabetics and in the fourth group we included persons with T2DM. 
In these investigations we included only women on the Mediterranean type of  diet, 
full in complex carbohydrates and dietary fibers originating from fruits, vegetables and 
cereals, olive oil, blue sea fish and with moderate intake of  diary and meat products. All 
patients consumed the flourless bread Tonus during the three months (Trivit Group, 
d.o.o., Bečej, Serbia) in the amount of  170 g daily, instead of  the other kind of  bread 
they used to have during their meals. The Comet assay was performed before the 
diet with Tonus bread, and also after three months of  this diet.  We chose the three 
month period because it turned out to be long enough to obtain some effects, and the 
investigated subjects may have been less motivated if  the duration of  the study was 
longer.
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Sampling and cell preparation

Blood samples were withdrawn by venipuncture from female donors. All samples within 
one group were taken on the same day, and all tested parameters were done on fresh 
samples. The blood was diluted (1:1) with RPMI medium, underlaid with Histopaque 
1077 and centrifuged at 1900 g for 15 min. The peripheral blood mononuclear cells 
(PBMC) layer (buffy coat) was washed twice in RPMI 1640 medium, each wash was 
followed by centrifugation for 10 min at 1800 g. 

The Comet assay
The alkaline version of  Comet assay was performed according to Singh et al. [22] 
and Tice et al. [23] with minor modifications. Briefly, the cell viability was checked by 
Trypan blue exclusion [24]. A 100 μL of  cell suspension was mixed with 100 μL of  1% 
low melting point agarose (LMPA). 90 μL of  suspension was casted on a microscope 
slide precoated with 1% normal melting agarose and put in the fridge to solidify. Then 
the slides were immersed in cold lysis solution at pH 10 (2.5 M NaCl, 100 mM EDTA, 
10 mM Tris pH 10, 1% Triton X–100, 10% DMSO) overnight at 4 °C. After lysis, 
slides were placed in a horizontal gel electrophoresis tank to allow DNA unwinding 
in cold electrophoresis buffer (300 mM NaOH, 1 mM EDTA, pH > 13) for 30 min. 
Electrophoresis was carried out at 4 °C with electric current of  25 V (1.1 V/cm) for 30 
min. The slides were then removed from the tray and washed with neutralizing buffer 
(0.4 M Tris HCl, pH 7.5) for 5 min. The neutralization was repeated three times. Finally, 
the slides were fixed with ice cold methanol, dried and stored. Before analysis, the 
slides were rehydrated with ice cold distilled water and stained with ethidium bromide 
(20 μg/mL). The slides were examined under a fluorescence microscope (AxioImager 
Z1, Carl Zeiss; excitation filter, 515–560 nm; emission filter, 590 nm). Comet were 
scored visually as described by Anderson et al. [25] and expressed as the total comet 
score (TCS) according to Collins [26]. In visual scoring the estimated level of  DNA 
damage results in five classes of  comets: (A) no damage, <5%; (B) low level damage, 
5-20%; (C) medium level damage, 20-40%; (D) high level damage, 40-95%; (E) total 
damage, >95% („hedgehogs comets“)  (Figure 1). TCS is calculated according to the 
formula: TCS = 1×B + 2×C +3×D + 4×E, where B to E represents percentage of  
cells with various level of  DNA damage.

Statistical analysis 
Given that the data about TCS were heterogeneous (Coefficient of  variation >30%), 
the transformation y=x+50 was applied to all data. Groups were compared using two-
way ANOVA with repeated measures in one factor followed by Tukey’s or Sidak’s post 
hoc test. Untransformed data are presented as mean ± standard deviation (Mean ± 
SD). Significant difference was estimated with p<0.05, p<0.01, p<0.001 and p<0.0001 
significance levels. Statistical analysis of  the results obtained in the experiment was 
carried out using statistical software GraphPad Prism version 6 (GraphPad, San Diego, 
CA, USA).
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RESULTS

The basic characteristics of  each group before the start of  the experiment, and after 
3 months of  flourless bread consumption are shown in Table 1 and Table 2. Among 
various biochemical and morphometric characteristics only the fasting plasma glucose 
(denoted as glycaemia) was significantly decreased in obese and T2DM subjects after 
three months of  Tonus bread consumption. The results of  DNA damage analysis 
are presented using TCS as a parameter. As presented in Table 3, the results of  TCS 
before the diet with Tonus bread were: 89.00±34.37 in healthy controls 72.80±29.58 in 
obese patients, 98.80±40.33 in prediabetics and 117.40±48.710 in newly diagnostified 
T2DM. After the three months on Tonus bread diet we observed the following results 
of  TCS (Table 3): 76.00±35.34 in healthy controls, 62.60±14.77 in obese, 73.00±17.13 
in prediabetics and  77.40±19.99 in T2DM patients. Therefore, in our investigations 
we obtained results which show that a diet with flourless bread in combination with the 
Mediterranean diet manifested with a significant (P<0.01) decrease of  DNA damage 
in patients with newly diagnostified T2DM.  In control group TCS was lowered by 
14.6% after the investigated diet, in a group of  obese patients it was lowered by 14%, 
and in prediabetics it was 26%. However, the decrease in all these groups was not 
statistically significant. Only in a group of  T2DM patients we observed profound and 
statistically significant decrease of  TCS for 66% (Figure 1). 

Table 1. Basic characteristics of  the study groups before Tonus bread consummation

Parameters Normal Obese Prediabetics T2DM de novo
Age (years) 52.80 ± 12.7 49.00 ± 11.00 59.80 ± 13.70 67.40 ± 5.32
Glycemia 5.20 ± 0.55 5.04 ± 0.68 5.70 ± 0.54 5.62 ± 0.36
HbA1c (%) 5.35 ± 0.13 5.30 ± 0.20 5.52 ± 0.36 5.93 ± 0.36
Waist circumference (cm) 76.50 ± 7.14 92.00 ± 11.37 95.6 ± 12.26 93.00 ± 7.16
BMI (kg/m2) 22.10 ± 0.82 30.36 ± 2.60 32.28 ± 5.85 32.72 ± 4.97
HDL cholesterol 1.82 ± 0.22 1.24 ± 0.18 1.71 ± 0.38 1.26 ± 0.18
Triglycerides 0.89 ± 0.15 1.21 ± 0.41 1.82 ± 1.41 2.15 ± 0.45
Systolic BP (mmHg) 116.67 ± 11.55 120.00 ± 0.00 130.00 ± 22.36 120.67 ± 4.04
Diastolic BP (mmHg) 73.33 ± 5.77 80.00 ± 0.00 65.00 ± 32.79 73.00 ± 7.55

The results are presented as mean ± SE; BMI – body mass index; HDL-high density lipoprotein; BP- blood pressure. 
There were no statistically significant differences among groups for any analysed parameter (p > 0.05  in one-way 
Kruskal-Wallis and Monte Carlo test).
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Table 2. Basic characteristics of  the study groups after Tonus bread consumption

Parameters Normal Obese Prediabetics T2DM de novo
Age (years) 52.80 ± 12.7 49.00 ± 11.00 59.80 ± 13.70 67.40 ± 5.32
Glycemia 5.12 ± 0.64 4.38 ± 0.53** 4.97 ± 0.26 4.42 ± 0.43**
HbA1c (%) 5.30 ± 0.10 5.20 ± 0.14 5.60 ± 0.16 5.86 ± 0.36
Waist circumference (cm) 76.60 ± 6.86 98.33 ± 11.93 96.25 ± 15.84 94.60 ± 5.27
BMI 22.31 ± 1.31 31.50 ± 3.28 31.60 ± 5.96 32.00 ± 4.67
HDL cholesterol 1.71 ± 0.16 1.13 ± 0.23 1.76 ± 0.32 1.33 ± 0.23
Triglycerides 0.76 ± 0.21 1.13 ± 0.45 1.31 ± 0.32 1.81 ± 0.23
Systolic BP (mmHg) 122.50 ± 18.93 130.00 ± 14.14 126.67 ± 23.09 125.00±4.08
Diastolic BP (mmHg) 79.00 ± 12.27 77.50 ± 3.54 68.33 ± 10.58 79.00 ± 1.73

The results are presented as mean ± SE; BMI – body mass index; BH- body height; BMI – body mass index;  
BP- blood pressure.  There were no statistically significant differences among groups for any analysed parameter  
(p > 0.05  in one-way Kruskal-Wallis and Monte Carlo test), the value of  glycemia is significantly (p > 0.01) decreased 
in groups of  obese and diabetic patients (ANOVA test).

Table 3. The distribution of  comet classes (0-4) according to Anderson et al. (22) in four 
groups of  subjects before anf  after the Tonus bread consumption

Groups Upisati 
naziv

TCS before 
consumption

TCS after 3 months of  flourless 
bread consumption Significance

Normal

0 48.20 53.50

p>0.05
1 30.40 32.63
2 12.00 9.13
3 3.00 1.88
4 6.40 2.88

Obese

0 56.80 57.75

p>0.05
1 24.80 28.75
2 10.60 8.63
3 5.00 3.38
4 2.80 1.50

Prediabetes

0 48.00 50.85

p>0.05
1 25.60 30.23
2 12.00 13.56
3 8.40 4.10
4 6.00 1.27

T2DM

0 38.80 52.89

p<0.01
1 29.00 29.00
2 14.80 11.00
3 10.20 3.67
4 7.20 3.44
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DISCUSSION

The Comet assay as a genotoxicological method is used in many studies in order to 
find out possible genotoxic or antigenotoxic effects during various diets [27,28]. As 
far as we are aware, only a few studies were designed to examine the effects of  a single 
grocery product on DNA damage. Spadafranca et al. [29] investigated the effects of  
chocolate at DNA damage level, while Ibero-Baraibar et al. [30] evaluated the effects 
of  cocoa extract. Our study of  possible antigenotoxic effects of  flourless bread within 
a Mediterranean diet is the first one using patients at various stages of  the development 
of  T2DM. Oxidative stress and inflammation strongly influence the development of  
the metabolic syndrome, which very often includes diabetes mellitus. Nutritional stress 
caused with food rich in fat and carbohydrates potentiate the negative influence of  ROS 
through increased lipid peroxidation and protein carbonilation, along with the existing 
decrease in antioxidative defense in obese people [31]. Chronic oxidative stress in obese 
persons is one of  the most important contributing factors to the development of  
various pathological conditions such as insulin resistance, diabetes and cardiovascular 
diseases. Nutrition with higher amounts of  dietary fibers is an important factor in 
diabetes control. Consumption of  food rich in dietary fibers can help in body mass 
regulation, through intrinsic effects, as well as through hormonal response of  the 
organism [17]. Experimental studies have shown that intake of  food rich in fibers 
decreases the feeling of  being hungry and supports the feeling of  being satiated, in 
comparison to food with poor fiber content [32]. Cereals are one of  the best sources 
of  dietary fibers [33]. Cereals contain a significant concentration of  antioxidative 
compounds which can contribute to antioxidative defense of  an organism, as proven 
in various investigations [34]. De Munter et al. [35] have shown that increased intake 

Figure 1. TCS values within groups before and after 3 months of  Tonus bread consummation
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of  dietary fibers from cereals significantly lower the risk of  T2DM development.  In 
the present investigation, DNA damage was decreased in all groups of  subjects after 
the three months of  Tonus flourless bread consumption. However, only in a group 
of  T2DM patients this decrease was statistically significant (p<0.01). This finding is 
in accordance to Shetty et al. [13] who found that in metabolic syndrome (including 
diabetes mellitus) consumption of  food rich in antioxidants can mitigate the disturbed 
antioxidative defense and decrease harmful effects of  ROS. Würsch and Pi-Sunyer 
[33] revealed that a daily intake of  only 3 g of  10% β-glucan fiber which is present 
in cereals, causes a decrease of  glucose peak for 50% and a significant decrease of  
plasma LDL cholesterol. The decrease of  lipid concentration is accompanied by lower 
negative influence of  ROS on cells, including the lower DNA damage. Pick et al. 
[21] confirmed that consumption of  oat bran bread helps in control of  glycaemia 
and blood fat concentrations in comparison to nutrition with white bread. Results of  
this investigation have shown that after three months of  Tonus bread consumation 
glycaemia and trigliciridemia are lowered in patients with prediabetes and T2DM, but 
this did not reach statistical significance. On the other hand, obese and T2DM patients 
had statistically significant (P<0.01) fasting plasma glucose (Tables 1 and 2). In our 
investigation, we have also shown that flourless bread exhibited good antioxidative 
effects in comparison to white bread. In an experiment with hypocaloric diet with 
addition of  cocoa extract, there were no significant differences between consumption 
of  flourless bread and the group using the extract and the control group without the 
extract a supplement [30]. On the other hand, we observed a significant decrease of  
DNA damage only in patients with newly diagnosed T2DM after 3 months of  flourless 
bread in the diet. The observed decreased of  DNA damage possibly resulted from 
reduction of  body weight, better glycaemia control, lower insulinemia and decrease of  
ROS which are capable to cause DNA damage. Our findings are in accordance to the 
investigation of  Othman et al. [36] that pathophysiological concentrations of  insulin 
induce DNA damage in human peripheral blood lymphocytes and human colon 
adenocarcinoma cells (HT29) in culture. Insulin induced ROS production as examined 
by the oxidation of  the dyes 2’,7’-dichlorodihydrofluorescein diacetate (H2DCF-DA) 
and dihydroethidium (DHE). The radical scavenger tempol protected these cells 
from oxidative damage. In addition, Othman et al. [36] revealed that insulin-induced 
stimulation of  oxidative metabolism in the mitochondria is the main source of  ROS. 
Soares et al. [37] have found that decrease of  body mass due to a specific diet, reduced 
calorie intake, reduced consumption of  carbohydrates and proteins, and decreased 
level of  cholesterol and Na+ in body fluids leads to statistically significant decrease 
of  DNA damage. Also, Schröder [17] led the epidemiological study supporting the 
protective effects of  Mediterranean diet on body mass regulation and prevention of  
diabetes in humans.  Moreover, in patients with diagnostified T2DM higher intake of  
fresh vegetables and fruits decreases the oxidative stress and inflammation [38]. 
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CONCLUSIONS

The Mediterranean diet in combination with organic sprouted whole grain flourless 
bread made of  cereals rich in fibers will cause better regulation of  body mass, 
glycaemia and insulinemia, as well as improvement of  overall medical condition in 
patients with diabetes. Moreover, the results of  present investigation point at the need 
of  Mediterranean diet rich in vegetables, fruits and dietary fibers in order to control 
glycaemia/insulinemia in patients with diagnostified T2DM, as well as in people at risk 
for the development of  diabetes. 
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DA LI ORGANSKI HLEB BEZ BRAŠNA OD CELIH PROKLIJALIH 
ZRNA PŠENICE SMANJUJE OŠTEĆENJA DNK KOD 
PACIJENATA SA DIJABETESOM?

Milan RAJKOVIC, Uros GLAVINIC, Marko RISTANIC, Milivoje COSIC, 
Vesna DIMITRIJEVIC-SRECKOVIC, Iva  ILIC, Ninoslav DJELIC

Dijabetes predstavlja jedan od glavnih zdravstvenih problema, naročito u razvijenim 
zemljama. Tokom poslednjih nekoliko decenija neprekidno se povećava procenat oso-
ba obolelih od dijabetesa. Mada genetički faktori imaju snažan uticaj na razvoj dijabe-
tesa, uticaji sredine (fizička neaktivnost, nepravilna ishrana koja dovodi do gojaznosti) 
takođe imaju veliki uticaj na razvoj ove bolesti. Tokom nekoliko poslednjih decenija 
procenat osoba sa dijabetesom se konstantno povećava. Glavni cilj ovog istraživanja 
bio je da se proceni mogući uticaj organskog hleba bez brašna od celih proklijalih zrna 
pšenice, Tonus® (Trivit, Bečej, Serbia) na oštećenja DNK u različitim stadijumima 
progresije kroz tip 2 dijabetes melitus. Pored kontrolne grupe (zdrave osobe), analizi-
rali smo gojazne, predijabetičare i dijabetičare, što čini ukupno četiri eksperimentalne 
grupe.  Sve osobe su koristile Mediteransku ishranu najmanje dve godine pre nego 
su uključene u ovu studiju. U svakoj grupi imali smo pet osoba koje su upražnjavale 
Mediteransku ishranu, ali su umesto uobičajenog hleba konzumirali hleb bez brašna 
Tonus®. Oštećenja DNK su evaluirana alkalnom verzijom elektoroforeze DNK poje-
dinačnih ćelija (komet test) na samom početku (pre uvođenja hleba Tonus® u ishranu) 
i tačno nakon tri meseca konzumiranja hleba Tonus®. Statistička analiza otkrila je da 
samo kod pacijenata sa dijabetesom tipa 2 konzumiranje Tonus hleba dovodi do sma-
njenja oštećenja DNK u poređenju sa stepenom oštećenja DNK kod ovih pacijenata 
pre nego su otpočeli dijetu sa hlebom Tonus. Pretpostaljamo da je pad hiperinsuline-
mije usled konzumiranja hleba Tonus mogao da bude jedan od glavnih uzroka sma-
njenja oštećenja DNK.    


