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The free radical theory of aging posits that the accumulation of macromolecular damage induced by toxic 
reactive oxygen species plays a central role in the aging process. Therefore consumption of dietary anti-
oxidants appears to be of great importance. Wheat germ have strong antioxidant properties. Aim of this 
study is investigate the effects of a wheat germ rich diet on oxidative mtDNA damage, mtDNA copy 
number and antioxidant enzyme activities in Drosophila. Current results suggested that dietary wheat 
germ enhances the activities of antioxidant enzymes in Drosophila. There was no statistically difference 
in mtDNA damage and mtDNA copy number results of “Wheat Germ” and “Refined White Flour” feed 
groups. mtDNA damage slightly increased with aging in both groups but these changes were no statisti-
cally different. 
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INTRODUCTION

The free radical theory of aging postulates that aging changes are caused by free 
radical reactions. Aging is the progressive accumulation of changes with time that are 
responsible for the ever-increasing likelihood of disease and death. These irreversible 
changes are attributed to the aging process. This process is now the major cause of 
death in the developed countries. The aging process may be due to free radical reac-
tions [10]. The free radical theory of aging claims that the accumulation of macromo-
lecular damage induced by toxic reactive oxygen species (ROS) plays a central role 
in the aging process. The mitochondria are the principal generator of ROS during the 
conversion of molecular oxygen to energy production where approximately 0.4% to 
4% of the molecular oxygen metabolized by the mitochondrial electron transport 
chain is converted to ROS [16]. Cellular damage caused by radicals may induce can-
cer, neurodegeneration and autoimmune disease [24]. Toxic materials may produce 
ROS and generate oxidative damage on mitochondrial DNA (mtDNA) [22]. mtDNA 
damages may trigger mitochondrial dysfunction [14]. Damage to mtDNA could be 
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potentially more important than deletions in nDNA, because the entire mitochondrial 
genome codes for genes that are expressed while nDNA contains a large amount of 
non-transcribed sequences. Also, mtDNA, unlike nDNA, is continuously replicated, 
even in terminally differentiated cells, such as neurons and cardiomyocytes; hence, 
somatic mtDNA damage potentially causes more adverse effects on cellular functions 
than does somatic nDNA damage [15].

Many defense mechanisms within the organism have evolved to limit the levels of 
reactive oxidants and the damage they inflict. Among the defenses are enzymes such 
as superoxide dismutase (SOD), catalase, glutathione reductase (GR), thioredoxin 
reductase (TrxR) and glutathione S transferase (GST) [3, 21]. In addition to the pro-
tective effects of endogenous enzymatic antioxidant defenses, consumption of dietary 
antioxidants appears to be of great importance [3]. Adding antioxidants to the diet, 
which changes the balance between oxidants and antioxidants, may increase longev-
ity [12]. Diet supplementation with antioxidants may protect the mitochondria against 
respiration-linked oxygen stress, with preservation of the genomic and structural 
integrity of these energy-producing organelles and concomitant increase in func-
tional life span [20].

Cereals have antioxidant properties. They naturally contain a wide variety of poly-
phenols such as the hydroxycinnamic acids, ferulic, vanillic and p-coumaric acids 
which show a strong antioxidant power and may help to protect from oxidative stress 
and, therefore, can decrease the risk of contracting many diseases. Flavonoids are 
present in small quantities, even though their numerous biological effects and their 
implications for inflammation and chronic diseases have widely been described. The 
mechanisms of action of polyphenols go beyond the modulation of oxidative stress-
related pathways [2].

Wheat is an important component of the human diet. But the distribution of phy-
tochemicals (total phenolics, flavonoids, ferulic acid and carotenoids) and hydrophilic 
and lipophilic antioxidant activity in milled fractions (endosperm and bran/germ) are 
different each other. Different milled fractions of wheat have different profiles of both 
hydrophilic and lipophilic phytochemicals. Total phenolic content of bran/germ frac-
tions is 15−18-fold higher than that of endosperm fractions. Hydrophilic antioxidant 
activity of bran/germ samples is 13−27-fold higher than that of the respective 
endosperm samples. Similarly, lipophilic antioxidant activity is 28−89-fold higher in 
the bran/germ fractions [1].

The aim of this study was to investigate the effects of a wheat germ rich diet on 
oxidative mtDNA damage, mtDNA copy number and antioxidant enzyme activities 
in the aging process of Drosophila. 

MATERIALS AND METHODS

Experimental groups were 8, 15, 22, 29 days old wheat germ feed groups (WG) and 
8, 15, 22, 29 days old refined white flour feed groups (RWF). Wild type (Oregon) 
male Drosophila melanogaster were used in the experiments. Mean of the life span 
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of our strain was 31 days. Wheat germ/refined white flour meal mediums contained 
104 g wheat germ (SIGMA W0125)/refined white flour, 94 g sugar, 19 g yeast, 5 g 
agar, 1 liter of water and 5 ml propionic acid mix. Flies were housed in glass tubes 
and incubated at 25 °C and 12 hours day–night cycle. 

Antioxidant enzyme activities

Totally 350 male flies (1 day age) were collected for constitute the experimental 
groups. Enzyme activity assays were achieved on 8th day, 15th day, 22nd day and 29th 
day. Flies were placed in 2 ml tubes, PBS (pH 7.3) and proteaz inhibitor coctail were 
used for homogenization. Flies were homogenized individually via ultrasonic waves. 
Homogenates were santrifuged at 12,000 rpm as 20 minutes and supernatants were 
used in the experiments. Twelve flies were used for every application.

Drosophila have superoxide dismutase (SOD), catalase (CAT), glutathion reduc-
tase (GR) and glutathion S transferase (GST) antioxidant enzyme activities but not 
detected glutathion peroxidase (GPx) [12, 27]. GST and SOD activities were meas-
ured by SIGMA CS0410 GST assay kit and SIGMA 19160 SOD assay kit, respec-
tively, according to manufacturers instructions. Catalase activity was measured as 
recommended by Luck (1963) using H2O2 as substrate, based on determination of 
decreasing on H2O2 amounts at 240 nm [17]. Proteins were determined by the 
Bradford method (Bradford Reagent SIGMA B 6916).

Determination of mtDNA damage and copy number

Invitrogen Purelink Genomic DNA kits were used for total DNA isolation according 
to the technical bulletin. Invitrogen (Molecular Probes) Pico Green dsDNA quantita-
tion dye and QUBIT 2.0 fluorometer were used for both template DNA quantitation 
and the analysis of PCR products as fluorometrically. A crucial step of quantitative 
PCR is the concentration of the DNA sample. In fact, the accuracy of the assay relies 
on initial template quantity because all of the samples must have exactly the same 
amount of DNA. The Pico Green dye has not only proved efficient in regarding to 
template quantitation but also to PCR product analysis [25]. Vivantis Taq master mix 
were used for PCR. DMSO as 4% of total volume and 5 ng of template total DNA 
were added into the each PCR tube.

Primers for Drosophila mtDNA small fragment (100 bp) were designed as; 
11426 5’-TAAGAAAATTCCGAGGGATTCA-3’
11525 5’-GTCGAGCTCCAATTCAAGTTA-3’

Primers for large fragment (10629 bp) were designed as;
1880 5’-ATGGTGGAGCTTCAGTTGATTT-3’
12508 5’-CAACCTTTTTGTGATGCGATTA-3’

For long-fragment PCR amplification, DNA was denatured initially at 75 °C for 
1 min and 95 °C for 1 min, and then the reaction underwent 21 PCR cycles of 94 °C 
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for 15 sec, 52 °C for 45 sec, and 65 °C for 11 min. Final extension was allowed to 
proceed at 68 °C for 10 min.

For small-fragment PCR amplification, DNA was denatured initially at 75 °C for 
2 min and 95 °C for 15 sec, and then the reaction underwent 21 PCR cyles of 94 °C 
for 30 sec, 55 °C for 45 sec and 72 °C for 45 sec. Final extension was allowed to 
proceed at 72 °C for 10 min.

We were always run a 50% template control and a nontemplate control in PCR. 
50% control should given a 50% reduction of the amplification signal. The nontem-
plate control would detect contamination with spurious DNA or PCR products [25].

QPCR method was used to measure oxidative damage. The lesion present in the 
DNA, block the progression of any thermostable polymerase on the template. So the 
DNA amplification decrease in damaged template. QPCR method is highly sensitive 
for measuring DNA damage and repair. mtDNA damage was quantified by comparing 
the relative efficiency of amplification of long fragments of DNA and normalizing 
this to gene copy numbers by the amplification of smaller fragments, which have a 
statistically negligible likelihood of containing damaged bases [25, 28, 30]. To calcu-
late normalized amplification, the long QPCR values were divided by the correspond-
ing short QPCR results to account for potential copy number differences between 
samples (mtDNA/total DNA value may be different in 5 ng template total DNA of 
each PCR tube). The copy number results not indicate the damage.

Statistical analysis

Minitab Release 13.0 statistical software was used for analysis. The results were 
estimated with Anova-GLM Test.

Table 1
Catalase, GST and SOD enzyme activities of WG and RWF application groups

Groups Catalase (IU SA/mg pro ± SE) GST (IU SA/mg pro ± SE) SOD (IU SA/mg pro ± SE)

1 day 170.91±16.02 0.170±0.025 21.78±3.95
WG 8 days 171.95±14.69 0.218±0.018* 25.26±4.62*
RWF 8 days 173.86±14.22 0.106±0.013 15.11±2.71
WG 15 days 184.87±7.41 0.188±0.010* 24.54±3.96*
RWF 15 days 172.05±15.54 0.115±0.004 13.25±2.95
WG 22 days 219.03±11.62 0.195±0.023* 23.39±4.20*
RWF 22 days 173.75±2.20 0.094±0.007 11.96±1.98
WG 29 days 252.71±16.95† 0.197±0.015* 23.61±3.65*
RWF 29 days 151.13±11.53 0.091±0.007 12.01±2.01

* Values statistically different from RWF 8, 15, 22 and 29 days (p < 0.05).
† Values statistically different from WG 8, 15 days and RWF 8, 15, 22, 29 days.
IU SA/mg pro: Unit specific activity/miligram protein.
SE: standart error.
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RESULTS

Enzyme activities of experimental groups were shown in Table 1. Catalase activities 
of the WG groups significantly increased but in RWF groups lightly decreased after 
the third weeks of application. However, in the first 3 week, there were no significant 
differences among RWF and WG groups in terms of catalase activities (Fig. 1). But 
the results of catalase activity assays at 29th day showed that the flies fed with wheat 
germ had improved catalase activity (p < 0.05).

Fig. 1. Alterations of the catalase enzyme activities with age in WG and RWF groups

Fig. 2. Alterations of the GST enzyme activities with age in WG and RWF groups
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GST and SOD activities of RWF application groups, decreased beginning from the 
first week of the application. However, GST and SOD activities of WG groups slight-
ly increased in first week (p > 0.05) and then remained stable relatively (Figs 2, 3).

There were no differences in mtDNA damage and mtDNA copy number results 
among all groups (Table 2).

DISCUSSION

The activities of antioxidant enzymes in most tissues displays an age-dependent 
decline [8, 26, 23]. Also, some researchers suggest that some antioxidant enzyme 
activities increase or stay stabile during aging [9, 11]. However, Fabian and col-

Fig. 3. Alterations of the SOD enzyme activities with age in WG and RWF groups

Table 2
mtDNA damage and mtDNA copy number results of WG and RWF application groups

Groups mtDNA damage 
(normalized amplification) mtDNA copy number

WG 8 days 0.61±0.07 266.67±24.79

RWF 8 days 0.69±0.07 246.17±21.55

WG 15 days 0.62±0.12 254.2±30.57

RWF 15 days 0.59±0.11 214.25±3.28

WG 22 days 0.56±0.06 275.8±16.34

RWF 22 days 0.57±0.10 244.8±25.28

WG 29 days 0.55±0.12 252.8±8.2

RWF 29 days 0.52±0.15 212.25±8.47
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leagues showed that a significant age-related decrease in antioxidant enzyme activi-
ties (CAT, SOD, GSH-Px) accompanied by significantly increased systemic oxidative 
stress, which promotes some of the cardiovascular risk factors in elderly people [7].

Wheat germ have strong antioxidant properties [1]. According to Leenhardt, feed-
ing rats a 20% wheat germ diet significantly increase plasma and liver vitamin E 
levels, compared to the low vitamin E basal diet. Concurrently, wheat germ diet 
consumption strongly decreased the susceptibility of heart and liver lipids to oxida-
tion, as well as that of the plasma [13]. Also, addition of wheat germ oil to fruit fly 
diet is a novel way to improve fruit fly quality, especially in egg hatch, egg production 
and pupal recovery [5]. 

Current study showed that wheat germ rich diet can improve antioxidant capacity 
of the organism via increasing antioxidant enzyme activities. Catalase activities of the 
WG groups significantly increased but in RWF groups lightly decreased after the 
third weeks of application. However, GST and SOD activities of RWF application 
groups, decreased beginning from first week of the application while in WG groups 
did not change. Low concentrations of ROS may be beneficial or even indispensable 
in processes such as intracellular signaling and defense against microorganisms. 
Nevertheless, higher amounts of ROS play a role in the aging process as well as in a 
number of human disease states, including cancer, ischemia and failures in immunity 
and endocrine functions [18]. Because of this reason, wheat germ’s effects on anti-
oxidant enzyme activities may be important in aging process.

There was no statistical difference in mtDNA damage results of WG and RWF 
groups. In both groups mtDNA damage slightly increased with aging but these 
changes were no statistically different. Liang and Godley showed that the mtDNA 
damage increased with age in the retinal pigment epithelial cells [15]. According to 
Corral-Debrinski and colleagues, in normal hearts, mtDNA deletions appear after age 
40 and subsequently accumulate with age [6]. 

According to our data mtDNA copy number did not change with age in Drosophila. 
There are different opinions about age related change of mtDNA copy number. In the 
study of Barazzoni, substantial age related reductions of mtDNA copy number 
occurred in skeletal muscle groups and liver but not in the heart [4]. Wang and col-
leagues showed that mtDNA copy number is not related with age in endometrium 
cells [29].

Our results suggested that dietary wheat germ enhances the activities of antioxi-
dant enzymes in Drosophila. Antioxidant content of wheat germ might provide this 
results. The various antioxidants either scavenge superoxide and free radicals or 
stimulate the detoxification mechanisms within cells resulting in increased detoxifica-
tion of free radicals and in prevention of many pathophysiologic changes [19]. Thus 
in the aging process, protecting the antioxidant capacity is especially important. Our 
results may also be evaluated and applied for human nutrition. Further studies are 
necessary in mammalian organisms about wheat germ’s effects. Encouragement of 
nourishment with a wheat germ rich diet may be beneficial for aging populations.
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