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ABSTRACT

Reactive oxygen species (ROS) include both oxygen free radicals and highly reactive oxygen compounds (such
as ozone, singlet oxygen). They are formed in many metabolic processes, as well as under the influence of various
environmental factors. Their impact on cells depends on their concentration and the duration of the process. Ex-
cessive level of ROS in a cell leads to oxidative stress. One of the defence mechanisms against ROS corresponds
to antioxidant enzymes including SOD and CAT. This paper defines the changes in the activity of antioxidant
enzymes caused by oxidative stress induced by nickel and paraquat in tissue of Acheta domesticus L, derived from
various development lines. The obtained results defining the activity of SOD and CAT indicated the differences
among individual tissues and the midgut showed the highest activity. Increased activity in relation to the control
group results of CAT and SOD in the midgut and fat body of B-line individuals treated with pro-oxidant (particu-
larly nickel) and inhibition of the CAT activity in the midgut of L-line crickets influenced by pro-oxidant indicate
that the conducted screening changes the biochemical response to the stress factors. Moreover, the obtained results

may indicate the relation of the activity of SOD and CAT with the lifespan of the tested insects.
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INTRODUCTION

Reactive oxygen species and their sources

The atoms, molecules or ions that have one or
more unpaired electrons on the valence shell are
called free radicals. Their unstable state causes
that they are very reactive to various cellular
molecules including proteins, sugars, lipids and
DNA. This in turn damages or changes the prop-
erties and consequently causes disorders of the
functioning of organelles and whole cells. Apart
from free radicals, some other oxygen compounds
exhibit high reactivity, such as ozone, singlet ox-
ygen or hydrogen peroxide. Therefore, oxygen
radicals as well as other oxygen compounds that
show higher reactivity than molecular oxygen in
a triplet (basic) state are referred to as reactive
oxygen species (ROS) [Prochniak et al. 2016].

The impact of ROS on cells is highly depen-
dent on their concertation or duration of activity.
Higher concertation of these molecules causes
toxic damages to cells, consequently leading to
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their destruction, whereas low concertation of
ROS may perform physiological functions [Su-
sana et al 2014; Sies 2017]. Small amounts of
ROS are required for the proper functioning of
the organism as they are involved in the processes
that protect the cell against oxidative stress and
restore its redox balance [Tvrda 2011]. They may
also perform the functions of second messengers
activating signal cascades related to defining the
fate of the cell, the process of differentiation,
apoptopis (which allows eliminating those cells
that have suffered major damage and could pose a
potential threat to the body) or proliferation [Fin-
kel and Holbrook 2000; Storz 2006; Rao et al.
2011]. ROS are formed in many biochemical pro-
cesses such as biological oxidation in the respi-
ratory chain, phagocytosis or oxidation reactions
of compounds [Glasauer and Chandel 2013]. The
mitochondrial respiratory chain, namely complex
I (NADH dehydrogenase) and complex III (cyto-
chrome reductase), is the most important endog-
enous source of ROS. The superoxide anion radi-
cal is formed as a result of reaction of a reduced
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form of ubiquinone with oxygen. Another source
of ROS in cells is also xanthine oxidase and
both cytochrome P-450 and cytochrome P-450
reductase [Finkel and Holbrook 2000; Ott et al.
2007; Phaniendra et al. 2015; Skulachev 2012;
Sies 2018].

The formation of ROS may be also induced
by environmental factors, such as xenobiotics
and various types of environmental pollution, ul-
traviolet radiation or ionizing radiation. [Finkel
and Holbrook 2000; Pomatto and Davies 2018].
In a cell, xenobiotics go into redox cycles which
are driven by its metabolism. An example of this
relationship is paraquat, a widely used herbicide
(currently banned in EU countries). It belongs to
a group of dipyridinium herbicides, which be-
comes the final acceptor of electrons in the reduc-
tion centre of the photosystem I. The resulting
paraquat radical cation reacts with oxygen, result-
ing in regeneration of the initial form of the com-
pound and the formation of a superoxide anion
radical [Li et al. 2019; Eddleston 2020].

Transition metal ions (vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc,
molybdenum) are essential components of living
organisms. However, they may be oxidized and
thus catalyse ROS generating reactions [Valko et
al. 2006].

Oxidative Stress

Excessive production of ROS may cause the
so-called oxidative stress. The term oxidative
stress in biological and biomedical sciences was
used for the first time about 30 years ago and has
since been one of the most-studied biological pro-
cesses [Breitenbach and Eckl 2015]. This condi-
tion is the result of excessive activity of reactive
species of oxygen (ROS), resulting from the im-
balance between the formation of the oxygen free
radicals and their removal from cell by the antiox-
idative systems [Luo et al. 2020]. This imbalance
may be both caused by an increase in the amount
of ROS in the body and decreased activity of the
antioxidative defence mechanisms [Agarwal et al.
2012]. The disruption leads to damages to mem-
brane lipids, amino acids and DNA [Ochsendorf
1999; Luo et al. 2020].

Defence Mechanisms

Living organisms are equipped with a num-
ber of defence mechanisms to maintain the

physiological level of ROS. These mechanisms

may be divided into three primary groups:

e Prevention — preventing ROS from reacting
with biomolecules: enzymes (superoxide dis-
mutase, catalase and glutathione peroxidase).

e Termination — breaking the chains of free radi-
cals reactions and unwanted non-radical oxi-
dation reactions: free radicals scavengers; low
weight molecular antioxidants: glutathione,
vitamin C and E, carotenoids.

e Repair — removal of the effects of ROS reac-
tions with biomolecules such as DNA repair
enzymes [Tan et al. 2018; Katerji et al. 2019].

The antioxidative defence in animal species
studied so far is based on similar enzyme sys-
tems. Insects have a set of antioxidative enzymes
and low molecular weight antioxidants that pro-
tect against both endogenous and environmental
origin oxidants. The main antioxidant enzymes
that occur in insects are superoxide dismutase,
catalase, glutathione transferase, glutathione
reductase, as well as a number of antioxidants
such as ascorbic acid, glutathione, vitamin E
and carotenoids. Despite the relatively low level
of metabolism, insects can be strongly exposed
to oxidative stress mainly due to the structure of
their tracheal system supplying oxygen directly
to body cells, which is particularly important dur-
ing an energy-intensive flight, as well as due to
the presence of pro-oxidants in the diet of some
herbivorous insects [Felton and Summers 1995].

Antioxidant enzymes participate in the scav-
enging of ROS generated by xenobiotics, such as
paraquat and allele compounds of plant origin,
including fumarocoumarins, lignans, acetophe-
nones, thiophenones, phenols or quinones. That
is why the antioxidant defence plays a signifi-
cant role in this case. Large amounts of ROS are
formed in the tissues of insects during flights and
in some special cases, such as bioluminescence;
therefore, the species exhibiting this phenomenon
are characterized by much higher SOD activity
[Felton and Summers 1995]. Antioxidative en-
zymes are often used as biomarkers of exposure
to toxic substances [Aziz 2020].

Superoxide dismutase and catalase are a fun-
damental enzyme system aimed at scavenging
free radicals formed in cells [Macias-Nuiiez et al.
2020]. Superoxide dismutase (SOD, E.C.1.15.1.1)
is a group of enzymes that catalyse the dismuta-
tion reaction of superoxide anion radical. There
are two basic forms of superoxide dismutase in
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eukaryotic organisms: SOD-1, which depends on
the zinc and copper ions, occurs in the nucleus
and cytoplasm (Cu,Zn-SOD) and SOD-2, present
in mitochondrial matrix (Mn-SOD). SOD-1 is a
homidimer built of two identical subunits with a
mass of about 16 kDa, whereas SOD-2 is a tetra-
mer composed of four units with a mass of about
20 kDa. SOD in insects does not substantially dif-
fer from the SOD in vertebrates. There are also
reports that both insects and mammals have ex-
tracellular SOD (EC-SOD, SOD-3) associated
with multi-sugars of the cell surface and has a
protective function [Choi 1999].

The second important antioxidative enzyme
is catalase (CAT, E.C.1.11.1.6). It is composed of
four identical subunits with a molecular weight
of about 60 kDa. Each subunit has a deeply em-
bedded heme system with a centrally located iron
atom. Catalase decomposes hydrogen peroxide in
two stages. In the first stage, the hydrogen per-
oxide is reduced to water in which the iron ion
Fe (III) of the heme system in involved. In the
second stage, another molecule of hydrogen per-
oxide is oxidized with the Fe(V)—CAT, resulting
in the formation of molecular oxygen and water.
A few studies showed that CAT found in insects
is not significantly different from catalase in ver-
tebrates [Sohal 1985]. Some studies on selected
groups of invertebrates showed that the form of
CAT is a type of catalase that is very similar to
peroxidases [Saint-Denis et al. 1998].

Free radicals and their role in the aging
process

Free radicals are one of the important factors
that cause damage to molecules, which in turn
can contribute to the aging of organisms. Hence,
the role of antioxidant enzymes in recent decades
has gained a particular interest in the study on the
course of the aging process [Tan et al. 2018; Tan
and Norhaizan 2019; Luo et al. 2020]. One of the
theories of aging — theory of free radicals, claims
that it is the formation of reactive species of
oxygen (ROS) in the body that may be the main
cause of its aging. The consequences of free radi-
cals accumulate with age and indicate a reverse
correlation with the potential life expectancy of
an organism. This has been proven by studies on
the production of ROS (such as superoxide an-
ion radical, hydrogen peroxide or hydroxyl radi-
cal) and the protein oxidation process in insect
mitochondria [Kasapoglu 2001; Korsloot 2003].
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The verification of the free radicals theory has
resulted in numerous studies on the relationship
between antioxidative enzyme activity and life
extension. The research was mainly conducted
on model organisms of Drosophila melanogas-
ter, screened in terms of different aging rates and
longevity. The screening of vertebrates is more
difficult compared to insects, as their lifespan is
relatively long. Nevertheless, such experiments
are conducted also on mice, because their aging
process is similar to that of a human [Chen et al.
2010].The screening of Drosophila melanogas-
ter have been conducted since the 1960s and the
methodology for obtaining the lines that differ in
life expectancy is currently widely used [Rose et
al. 2004; Zhang et al. 2019; Qiu et al. 2020].

There are various methods to assess the ex-
posure to oxidative stress. One of the responses
of an organism related to the exposure to differ-
ent types of xenobiotics is the efficiency of anti-
oxidant enzyme mechanisms. Hence, measuring
the activity of antioxidant enzymes including
superoxide dismutase (SOD) and catalase (CAT)
is a useful biomarker for the body’s exposure to
oxidative stress [Czerska et al. 2015; Katerji et
al. 2019].

Therefore, the main objective of this study is
to determine the changes in the antioxidant en-
zyme activity under the influence of oxidative
stress induced by nickel and paraquat in the stud-
ied organs of Acheta domesticus L. and to deter-
mine the differences in SOD and CAT between
the sexes of the examined individuals. Moreover,
the tests on individuals from two development
lines also made it possible to investigate whether
there are differences in the SOD and CAT activity
between the crickets from two development lines.

MATERIALS AND METHODS

Biological material

The biological material for the study was ob-
tained from 10-day-old individuals (male and fe-
male) of house cricket Acheta domesticus L. (Or-
thoptera: Gryllidae) from two screening lines (B
—breeding line and L — long-lived line screened in
terms of extended lifespan). A list of experimental
groups is presented in table 1.

The crickets were grown at a constant tem-
perature of 29.0°C £ 1.5°C, with air humidity of
about 40% + 10% and a 12L:12D photoperiod
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Table 1. Experimental groups: Symbols: L — long-lived line, B — breeding line, F — females,
M — males, C — control, P — paraquat, N — nickel, M — midgut, T — Malpighian tubules, F — fat body

Line Sex

Pro-oxidant

Tissue Code

Cc

M LCFM
LCFT
LCFF

LPFM
LPFT
LPFF

LNFM
LNFT
LNFF

LCMM
LCMT
LCMF

LPMM
LPMT
LPMF

LNMM
LNMT
LNMF

BCFM
BCFT
BCFF

BPFM
BPFT
BPFF

BNFM
BNFT
BNFF

BCMM
BCMT
BCMF

BPMM
BPMT
BPMF

BNMM
BNMT
BNMF

e N R e R i R B e E e B =G B B e R B R R R R M= B B e B B B = e B e N R B e = R B

in plastic insectarium with cardboard mouldings
placed inside to increase the surface of locomo-
tion. Murigran laboratory rodent feed and water
were provided as needed.

Induction of oxidative stress

The 10-day L and B-line larvae were divided
into 3 research groups: control, treatment with
paraquat  (1,1’-dimethyl-4,4’-bipyridine) and
nickel (nickel chloride). The induction of oxida-
tive stress in the tested organisms was carried out
by administering pro-oxidant 1) nickel (5 pmol
NiCL/1 g of feed) and 2) paraquat (1 umol/1 g

of feed) with feed. In order to prepare the food,
the right amount of pro-oxidant was dissolved
in redistilled water; the resulting solution was
mixed with proper amount of Murigran ground
feed. The food for the control group was a mix-
ture of redistilled water and Murigran feed. Then
the homogeneous mixture was dried (40°C, 24 h).
The food was prepared as needed, but no less than
once a month.

Tissue isolation

The biological material in the form of post-
mitochondrial supernatant from the midgut, the
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fat body and Malpighian tubules of 10-day-old
Acheta domesticus L. was used for enzymatic
assays. The protein concentration in the tested
samples was determined according to the Brad-
ford method, using the Coomassie Brilliant Blue
G-250 dye (Fluka). A calibration curve was pre-
pared for bovine serum albumin. Absorbance was
read on a spectrophotometer (A = 595 nm) at a
room temperature.

Enzyme assay

Specific catalase activity

The determination of activity of catalase was
based on the Aebi method [1984]. This method
involves measuring the decrease in absorbance
in ultraviolet light (A=240 nm) as a result of de-
composition of hydrogen peroxide by catalase
into water and oxygen. The reaction was initi-
ated by adding the supernatant to the reaction
mixture. The measurements were performed at
25°C. The measurements were taken in 0.05 M
Soérensen phosphate buffer (pH 7.0) in the appro-
priate volume (the volume of the buffer depended
on the amount of supernatant added) from 1.950
to 1.998 ml and 1 ml of H,O, in Sorensen buffer
(final concentration in the solution was 10 mM).
The final volume of the reaction mixture amount-
ed to 3 ml. In the case of the blank, 1 mL of S6-
rensen buffer was added instead of the H,0, solu-
tion. The volume of the supernatant added to the
reaction mixture was adjusted so that the rate of
decrease in the absorbance of hydrogen peroxide
was about 0.036 JA/min and was a linear func-
tion of time. The measurement was performed on
a spectrophotometer for 30 seconds in quartz cu-
vettes relative to the blank. The specific activity
of catalase was expressed in pmol H,0O,/min/mg
of protein.

Specific activity of superoxide dismutase

The adrenaline method developed by Misra
and Fridovich [1972] with the modification of
Matkovics et al. [1977] was used to determine the
activity of superoxide dismutase. This method is
based on intermediate reactions producing O>~
and using the ion as a catalytic agent for subse-
quent stages of the reaction. The source of su-
peroxide ions as well as of an indicator product,
which is red-brown adrenochrome, is the auto-
oxidation reaction of adrenaline. SOD removes
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the superoxide ion, which is manifested by the
inhibition of the indicator reaction. The superna-
tant dilutions were selected so that the adrenaline
autooxidation reaction was inhibited by approxi-
mately 50%. The measurements were conducted
in 0.1 M carbonate buffer in a variable volume
(the volume of the buffer depended on the amount
of supernatant added) from 1.450 to 1.498 ml (pH
10.2) with 0.02 M EDTA and 0.05 ml 10 mM
adrenaline solution (causing the required auto-
oxidation rate of 25 mODU/min) in 0.01 M HCI
(pH 2.0). The volume of post-mitochondrial su-
pernatant added to the reaction mixture depend-
ed on the SOD activity and the concentration
of protein in a given tissue and ranged between
0.05 and 0.002 ml. The final volume of the reac-
tion mixture amounted to 2 ml. In the case of the
blank, the same amount of carbonate buffer was
added instead of the supernatant. The absorbance
change of the blank was 0.025 A/min. The absor-
bance of the test sample was measured for 4 min
at 30°C, at a wavelength of 480 nm, using a spec-
trophotometer. SOD specific activity is expressed
in JA/mg protein/min.

RESULTS AND DISCUSSION

Differences in the activity of SOD and CAT
between sexes

The activity of the enzymes did not differ sig-
nificantly between males and females within indi-
vidual research groups (p=0.7443, the Kruskall-
Wallis test). Considering the above, the gender
division in individual research groups in further
analyses was omitted. In the studies on the pod
of Acanthoscelides obtectus (Coleoptera: Bru-
chidae), the females of both the long-lived and
short-lived lines had several times higher catalase
activity than males, but no significant differences
were found between the lines. However, it should
be noted that the study object in this work (hemi-
metabolic species) differs in the type of develop-
ment from the species used in the study (holomet-
abolic species) [Seslija 1999].

SOD and CAT activity

The specific activity of SOD and CAT showed
differences between the analysed tissues. The spe-
cific activity of the enzymes in the control groups
was significantly higher in the midgut compared
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to Malpighian tubules and fat body. The middle
intestine was characterized by about 1.5 times
higher SOD activity and about 5 times higher
CAT activity in relation to other organs (Fig. 1,
2). Malpighian tubules and fat body did not dif-
fer significantly. The order in the specific activity
of SOD and CAT in the examined organs was as
follows: M>>T>=F, where M — midgut, T — Mal-
pighian tubules, F — fat body. Paraquat caused a
significant decrease in SOD activity in the mid-
gut and Malpighian tubules in the L-line crickets,
whereas in the fat body of the L-line insects and
in all organs of the tested B-line insects did not
cause significant changes in activity (Fig. 1, 2).
Paraquat intoxication resulted in a significant de-
crease in CAT activity only in the midgut of the
L-line insects (Fig. 2).

Nickel significantly increased the SOD ac-
tivity in the midgut in both tested lines. In the L
and B-line crickets, nickel intoxication caused a
slight decrease in the SOD activity in Malpighian
tubules. In turn, it did not cause significant dif-
ferences in the activity of SOD in the fat body

2000

in both lines (Fig. 1). Nickel intoxication caused
a significant decrease in the CAT activity in the
midgut of the L-line crickets. It did not cause sig-
nificant changes in the activity in Malpighian tu-
bules and fat body (Fig. 2). The strongest effect of
nickel and paraquat was observed in the midgut.

The specific activity of SOD and CAT in the
tested tissue does not in fact show a strong cor-
relation. The exception is the midgut of paraquat
treated insect where both the L and B-line showed
a high SOD and CAT specific activity correlation.
In addition, a high correlation between the activ-
ity of that enzymes was shown in the fat body
of the L-line individuals treated with nickel and
non-intoxicated, and in Malpighian tubules in
nickel group (Tab. 2).

Considering the routes of entry of pro-oxi-
dants into the organism of terrestrial insects, high
specific activity of antioxidative enzymes (as
well as other detoxification enzymes) can be ex-
pected, mainly in the epithelium of the midgut,
possibly also in the fat body, due to its metabolic
functions. The results obtained in the paper are
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Fig. 1. Specific activity of superoxide dismutase in the tested organs of crickets from the long-lived line
(L) and breeding line (B). Symbols: M — midgut, T — Malpighian tubules, T — fat body, P — paraquat,
N — nickel, C — control
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Fig. 2. Specific activity of catalase in the tested organs of crickets from the long-lived line (L) and breeding
line (B). Symbols: M — midgut, T — Malpighian tubules, F — fat body, P — paraquat, N — nickel, C — control
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Table 2. A list of high correlations between SOD and CAT activity in the analysed tissues of the crickets
from the control group and treated with pro-oxidant. The coefficient of correlation (r), determination (R,) and

significance (p) are given. Group codes see in Table 1

Group code Regression Equation r R p
LPM CAT=1.382 x SOD+1313.85 0.824 0.679 0.0034
LPF CAT=1.030 x SOD+230.43 0.735 0.54 0.0154
LNT CAT=-4.447 x SOD+2704.97 0.626 0.392 0.0528
LKF CAT=1.063 xSOD+179.55 0.803 0.645 0.0051
BPM CAT=-0.703 x SOD+1142.58 0.918 0.843 0.0000
BNT CAT=1.172 x SOD+210.80 0.501 0.251 0.0680

consistent with this approach — the middle intes-
tine was characterized by the highest specific ac-
tivity of SOD among the examined organs. The
specific activity of both SOD and CAT in the fat
body and in Malpighian tubules were similar. The
very high activity of catalase in the midgut in the
control group from the L-line individuals is note-
worthy; it was nearly 5 times higher than in the
tissue of the individuals from other groups. High
CAT activity in the midgut was also obtained in
the studies on Trichoplusia ni, which probably
could be the result of a diet of plant origin rich
in pro-oxidants. High CAT activity in the midgut
and Malpighian tubules may be associated with
the presence of a large number of mitochondria in
their cells [Ahmad et al. 1991].

As a result of the dismutation reaction of the
superoxide anion radical catalysed by superoxide
dismutase, hydrogen peroxide is formed, which is
then converted by catalase to water and oxygen.
It can therefore be concluded that the increase in
the SOD activity should be accompanied by an
increase in the CAT activity. Only the midgut in
paraquat-treated groups and the fat body in long-
lived nickel and control individuals had a high
correlation between the SOD and CAT activity.
In these cases, it can be concluded that the whole
amount of hydrogen peroxide as a product of the
SOD-catalysed reaction is then broken down by
CAT. A high correlation may therefore indicate a
functional relationship of these enzymes; its lack
in turn may indicate the participation of other an-
tioxidative mechanisms.

Antioxidant enzyme activity in various Acheta
domesticus L. lines

The concept that the activity of antioxidant
enzymes, mainly superoxide dismutase and cata-
lase, may be linked to life expectancy and is veri-
fied by two separate research approaches. One of
them is the analysis of possible changes in the
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activity of antioxidant enzymes in the process of
multi-generational screening of animals in terms
of longevity. The other research approach is based
on overexpressing or silencing genes encoding
these enzymes and analysing the survival of ge-
netically modified animals [Arking 2006; Zhang
et al 2019].

This study compares the activity of the en-
zymes between the analysed lines. The two tested
lines differ significantly in the activity of antioxi-
dant enzymes in individual organs, with higher
activity in the L-line than in the B-line individu-
als. Significant differences in the SOD and CAT
activity between the tested lines were found in the
case of control insects than those treated with the
nickel and paraquat (Fig. 3, 4).

The free radical theory states that the high
activity of these enzymes, mainly superoxide
dismutase and catalase, plays an important role
in preventing aging. Numerous studies on the re-
lationship between the antioxidative enzyme ac-
tivity and life extension have been conducted to
verify the free radicals theory. The model organ-
ism in the study of the aging processes in insects
was mainly Drosophila melanogaster [Liu et al
2018; Lee and Min 2019]. Screening of insects in
terms of extended life is one of the methods that
allow the study of the mechanisms responsible
for the aging processes, as well as substances that
can at least potentially delay or accelerate these
processes. According to the stochastic theories
of aging, the survival of the organism should be
positively correlated with the effectiveness of de-
fence against stress, mainly the oxidative stress.
The results obtained in this study indicate that
L-line individuals under oxidative stress condi-
tions have greater antioxidative defence capabili-
ties than the crickets from the reference breed,
although it can be assumed that SOD and CAT do
not play a key role in determining longevity, but
are part of a more complex adaptation strategy.
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Fig. 3. Specific activity of superoxide dismutase in control (C), paraquat (P) and nickel (N) groups from the
long-lived (L) and general breeding line (B)
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Fig. 4. Specific activity of catalase in control (C), paraquat (P) and nickel (N) groups from the long-lived (L) and
general breeding line (B)

Many studies exploring this topic confirm the
relationship between the antioxidant enzyme ac-
tivity and life expectancy. Arking [2000] showed
that increased expression of antioxidant enzyme
genes — superoxide dismutase and catalase in D.
melanogaster and, consequently, increased re-
sistance to oxidative stress resulted in prolonged
life [Arking 2000]. In turn, the studies conduct-
ed by Mackay and Bewley showed that in the
mutants of the same species, a reduction of the
catalase expression resulted in shortened lifespan
[Mackay and Bewley 1989]. The mutants with
overexpression of Cu,Zn-SOD were character-
ized by life extension, while with reduced expres-
sion of Mn-SOD — by shortened lifespan [Kirby
et al. 2002; Parkes et al. 1998]. The significant
reduction in the Mn-SOD expression in D. me-
lanogaster caused premature neurodegenerations
and a much shorter life expectancy [Paul et al.
2007]. Orr and Sohal [1994] conducted research
on flies with an additional copy of both the anti-
oxidant enzymes Cu, Zn-SOD and CAT. The flies
were characterized by a 34% increase in lifespan

relative to the control lines with a single gene
copy, as well showed slowed down rate of natural
aging. Such flies also exhibited increased motor
activity and a lower level of oxidative damage
accumulation [Orr and Sohal 1994]. In the stud-
ies in which only one of the genes was amplified,
either Cu, Zn-SOD or CAT, no effect of such ma-
nipulation on life expectancy was observed [Orr
and Sohal 1994; Orr and Sohal 2003]. A different
result was obtained in transgenic fruit flies with
overexpression of cytoplasmic superoxide dis-
mutase (Cu, Zn-SOD). Their lifespan increased
by nearly 50% [Aigaki et al. 2002], whereas in
the case of the Mn-SOD overexpression, by about
15% [Sun et al. 2002]. There are also few litera-
ture reports that negate the relationship between
the activity of antioxidant enzymes and lifespan
and aging. Mockett showed that the D. melano-
gaster individuals from the selected short-lived
line were characterized by higher SOD and CAT
activity compared to the long-lived line of the
same species [Mockett et al. 2001].
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CONCLUSION

The paper presents the changes in the activity
of antioxidant enzymes under the nickel and para-
quat-induced oxidative stress in the selected tis-
sues of cricket (Acheta domesticus L.) from two
lines. The research approach used in this study al-
lowed drawing the following conclusions:

1. The highest activity of the enzymes (SOD and
CAT) in the midgut may indicate the signifi-
cant role of this organ in neutralizing the ef-
fects of free radicals reactions.

2. Higher SOD and CAT activity in the L-line
crickets compared to a general breeding group
suggests a relationship between these enzymes
and the lifespan of Acheta domesticus L. al-
though it can be assumed that antioxidant en-
zymes, at least SOD and CAT, do not play the
only and crucial one, but they are components
of'a more complex defence strategy.

3. In the studied groups, no differences between
sexes were found in terms of sensitivity to
oxidative stress measured only as the activity
of the antioxidant enzymes — superoxide dis-
mutase and catalase.
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