
The effect of single and combined action of nickel and pesticide (diazinon) on enzymes activity (glu-
tathione S-transferase, catalase and acetylcholinesterase) in the digestive tract, body wall and fat body as
well as basic growth parameters (life span and body mass) of Spodoptera exigua were investigated under
laboratory conditions. The experiment was carried out on two nickel treated groups [300 (NiI) and 900
(NiII) mg Ni · kg–1 dry weight of the culture medium] and a control group. The results showed that mor-
tality of caterpillars in NiII group was higher (51.1%) when compare with the controls. The body mass
of the caterpillars in the NiI group was higher by 20% than in the control group, and the body mass of
the pupae in the NiII group was lower by 22% than in the control group. Exposure to nickel influenced
AChE, GST and catalase activity in the body wall (increase up to 66%) and GI tract, while in the fat body
the above-mentioned activity remained unchanged. The pesticide application caused a strong, about 70%
reduction in AChE activity in GI tract, while in case of GST activity pesticide treatment resulted in mul-
tidirectional response depending on the organ. Nickel pre-treatment affects the susceptibility to pesticide,
which is manifested in a lower activity of GST and catalase in the fat body (from 26 to 36%), when com-
pare with the other experimental groups.

Keywords: Catalase – acetylcholinesterase – glutathione S-transferase – development – nickel –
Spodoptera exigua

INTRODUCTION

Nickel is a ubiquitous element in the biosphere. An extremely large amount of Ni –
ca. several thousand mg · kg–1 can be found in serpentine soils [16]. A considerable
amount of nickel in the environment is also a result of industrial activity, including
mining and smelting, combustion of fossil fuels, incineration of sewage sludge, elec-
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troplating, chemical manufacturing containing nickel or usage of composted fertiliz-
ers from water treatment plants. In the last case nickel can reach up to 390 mg · kg–1

[21] or even 1000 mg · kg–1 dry soil weight [16].
Despite the contaminated environment due to human activity a lot of different

species of animals are able to survive in anthropogenic changed ecosystems. One of
the strategies created by populations inhabiting contaminated environment is enzy-
matic detoxification of xenobiotics, e.g. pesticides. The efficiency of this enzymatic
system depends on life history and the presence of simultaneously acting contami-
nants, e.g. heavy metals. We assayed in this study two representatives of the above-
mentioned system: activity of glutathione S-transferase (GST), catalase (CAT) and,
additionally – as a marker of the pesticide action – activity of acetylcholinesterase
(AChE).

Glutathione S-transferase was selected because it may be induced by heavy met-
als [22, 39]. This enzyme plays an important role in heavy metals decontamination
[30] as well as in biotransformation and detoxification of organophosphate pesticides
[15].

Reactive forms of oxygen such as a superoxide radical anion, oxyhydrogen radi-
cal or hydrogen superoxide are generated during physiological oxidation in cells.
However in contaminated environment processes causing oxidative stress induced by
chemical compounds can be enhanced. Nickel due to its transformations in cells is
able to produce reactive forms of oxygen [23, 32]. Animals have an enzymatic
defence system against free radicals and an important part of this system is catalase.

Bearing in mind, that nickel is the element whose biological action is not fully
understood, especially in relation to terrestrial invertebrates [16], we decided to
examine the effect of prolonged nickel intoxication in beet armyworm Spodoptera
exigua (Hübner), treated as a model insect reared in the laboratory, and with docu-
mented susceptibility to organophosphorus pesticides – the reference environmental
toxins.

The objective of this study was to measure single and combined effects of nickel
and diazinon on selected enzymes activity and basic growth parameters (life span and
body mass) in the caterpillars of Spodoptera exigua.

MATERIAL AND METHODS

Breeding and treatment of the Spodoptera exigua caterpillars

Experimental breeding of Spodoptera exigua was established from eggs obtained
from the Institute of Plant Protection in Poznan (Poland). Freshly-laid eggs on blot-
ting paper were disinfectioned with 10% formalin, rinsed with tap water and dried at
room temperature. Strips of blotting paper with eggs were placed on Petri dishes.

The experiment was carried out in a thermostatic cabinet at the temperature of
25 ± 1 °C and 16 : 8 h light : dark cycle.



On the first day after hatching we created two nickel treated groups (NiI and NiII),
and a control group (K) which was bred on a diet without nickel. The caterpillars
were kept on Petri dishes (∅ 11 cm). Each experimental group consisted of 6 dishes,
with 30 1-day-old caterpillars in each. To protect the caterpillars from escape, the
brims of the dishes were covered with parafilm. The semi-artificial diet was con-
structed according to Hansen and Zenthner [17], with slide modification. The diet
included Wesson salt and Vanderzant vitamin mixture for insects (Sigma), and – as a
preventive agent – fluconazole (Pliva). The caterpillars were fed ad libitum. Equal
amounts of water solutions of NiCl2 (Sigma) were added to the culture medium for
NiI and NiII groups to obtain 300 and 900 mg Ni · kg–1 dry weight, respectively. The
same amount of water was added to the medium for the control group. The men-
tioned Ni concentrations were similar to the other experiments carried out on
Spodoptera exigua and Pieris rapae caterpillars fed on artificial food containing
nickel [9, 10], and do not exceed the range of concentrations used by Lock and
Jansen [28] in their experiments concerning the ecotoxicity of nickel. The caterpil-
lars from each group were counted at 1–2 days intervals. Mortality was estimated in
each Petri dish. Depending on the size of head capsule, the caterpillars were classi-
fied into a proper larval stage. Insects were weighed starting from L2 stage.

Some mature caterpillars from each experimental group (K, NiI and NiII) at the
last stage obtained a pesticide – Diazol 250 EC in the amount of 96.6 μg diazinon/1
g body mass. This dose was established in separate pilot studies as a concentration
causing a 25% reduction in the AChE activity in the homogenates prepared from the
whole caterpillar bodies. The pesticide was applied as acetone dilution in the amount
of 1 μl on the dorsal side of thorax, and then after 1 hour the caterpillars were frozen.
The pesticide application to body surface is a frequently used method in toxicologi-
cal tests conducted on invertebrate individuals (e.g. 3, 38), because the acetone dilu-
tion penetrates through cuticle and it is possible to approximate the value of the
administered dose.

Enzyme activity determinations

Insects of the 5th larval stage from each experimental group were dissected on ice
and the digestive tract, fat body and body wall were obtained. To get one sample, the
material from 5 individuals was put together.

Dissected tissues were homogenised in 0.05M potassium phosphate buffer, pH 7.4
using a motor driven glass homogeniser. Homogenates from fat body were addition-
ally filtered through gauze filters. All samples were frozen at –80 °C prior assays.
After thawing homogenates were centrifuged at 15,000 g for 10 min at 4 °C. The
supernatant thus obtained was used for enzyme activity determination.

The activity of AChE [EC.3.1.1.7] was determined according to Scaps et al. [34].
Assays were performed in a reaction mixture containing: 0.5 ml potassium phosphate
buffer pH 8; 0.04 ml 0.01 M DTNB in phosphate buffer pH 7; 0.04 ml 0.075 M
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Fig. 1. Development of larvae (L1, L2, L3, L4, L5) and pupae (P) of Spodoptera exigua in control and nick-
el treated groups. Number of individuals representing each developmental stage in consecutive days of

experiment was marked by different patterns



acetyltiocholine iodide in phosphate buffer pH 7.4; and 0.02 ml sample.
Spectrophotometric measurements were carried out at 410 nm, for 5 min at 25 °C.
The activity of AChE was expressed in nmol acetyltiocholine iodide/min/mg protein,
using the coefficient of extinction 13.6 × 103 M–1 × cm–1 [12].

Catalase activity was determined according to the method of Aebi [1], after the
decomposition of H2O2 at 240 nm, using quartz cuvettes for 30 seconds. The activi-
ty of CAT was expressed in mmol CAT/min/mg protein, using the coefficient of
extinction equal to 40 M–1 × cm–1.

Glutathione S-transferase was determined according to the modified method of Yu
[40], using CDNB as a substrate. Assays were performed in a reaction mixture con-
taining: 0.5 ml 1 mM reduced glutathione in phosphate buffer pH 7.4; 0.025 ml sam-
ple; 0.01 ml 15 mM CDNB in 96% ethanol. The activity of GST was expressed in
μmol/min/mg protein, using the coefficient of extinction 9.6 mM × cm–1.

Protein concentrations were assayed according to Bradford [11], using BSA
(bovine serum albumin) as a standard.

Data were analyzed by ANOVA (Statistica® 5.1 software) to determine the effect
of nickel and pesticide on enzyme activities. Significant treatment effects (p < 0.05)
were investigated using nonparametric posthoc tests. In a table and Figures 2, 3 and
4 we marked homogeneous groups (which do not differ statistically) by the same let-
ter so the different letters point out correctly the statistically relevant differences.

RESULTS

Progress of larval stages during experimental breeding is shown in Fig. 1. Survival
rate of caterpillars at younger stages was not statistically different between the con-
trol group and the nickel ones. From the 14th day of the experiment statistically sig-
nificant differences (p < 0.05) stated only between L4, L5 caterpillars and pupae from
NiII group compared to the control. Pupa stage in the control group reached 86.63%
individuals, regarding to the initial number of L1 stage, in the NiI group 87.3% and
in the NiII 48.9%. It means that in the NiII group the pupa stage was reached twice
less frequently than in the controls.

During 23 days of the experiment mortality in the control group and NiI group was
comparable – 13.4% and 12.7%, respectively. In the NiII group the mean time of
development from L1 to the pupa stage was prolonged by two days, when compare
to controls, and mortality was high – 51.1% (Fig. 1).

The differences among average body mass of individuals from the experimental
groups were statistically relevant in all analysed development stages, except for L2
(Table 1). In the last larval stage, when the enzymatic analyses were done, the body
mass of caterpillars in the NiI group was statistically higher than in the control group
(an average by 20%). The body mass of pupae in the NiII group was statistically
lower than in the control group (by 22%).
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Activity of AChE

Exposure to nickel generally did not influence the AChE activity, with an exception
of body wall, where AChE activity was increased by 59% in the NiI group, and by
47% in the NiII group, as compared to the controls (Fig. 2).

Application of the pesticide resulted generally in significant reduction of the
AChE activity in the digestive tract and fat body of the caterpillars. The strongest
inhibition was observed in the digestive tract (in the P group by 67%, NiIP by 59%
and in NiIIP by 48%, respectively, as compared to the controls).

Activity of GST

GST activity also remained undisturbed by nickel, with an exception of GI tract,
where GST activity was increased by 26% in the NiI group (Fig. 3).

Intoxication of the pesticide induced a multidirectional response of GST activity,
depending on the organ and Ni pre-treatment. In the digestive tract the increase in the
GST activity was observed in the NiIP group (by 39%) and in the NiIIP group (by
26%) when compared to the control group, while in the fat body this activity was
reduced by 26% in the NiIIP group.

Table 1
Mean value of caterpillar’s (L2, L3, L4, L5), pupa’s (P) and imago’s (I) body mass of Spodoptera exigua

in control and Ni-breeding animals (Mean ±SD in mg)

Experimental
L2 L3 L4

group
Mean ±SD n Mean ±SD n Mean ±SD n

K 1.44 ±0.33 5 8.09c ±0.32 6 42.04a,b ±7.49 8
NiI 1.24 ±0.13 5 6.07b ±0.47 6 47.07b ±6.85 9
NiII 1.21 ±0.05 5 4.49a ±0.38 6 40.60a ±3.58 10

Experimental
L5 P I

group
Mean ±SD n Mean ±SD n Mean ±SD n

K 194.29a ±47.46 17 103.21b ±5.55 16 49.43a,b ±6.25 9
NiI 232.83b ±59.54 12 106.61b,c ±5.56 12 54.91b ±6.90 7
NiII 156.32a ±25.71 8 80.42a ±6.55 11 45.47a ±1.99 7

Upper case letters – when different – show statistically significant differences between experimental
groups, calculated separately for every development stage.
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Fig. 2. The activity of acetylcholinesterase in the tissues of Spodoptera exigua. Letters inscribed within
histograms – when different – show statistically significant differences between experimental groups,

calculated separately for every tissue



38 AGNIESZKA ZAWISZA-RASZKA and B. DOLEZYCH

Acta Biologica Hungarica 59, 2008

Fig. 3. The activity of glutathione S-transferase in the tissues of Spodoptera exigua. Letters inscribed
within histograms – when different – show statistically significant differences between experimental

groups, calculated separately for every tissue
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Fig. 4. The activity of catalase in the tissues of Spodoptera exigua. Letters inscribed within histograms
– when different – show statistically significant differences between experimental groups, calculated

separately for every tissue



40 AGNIESZKA ZAWISZA-RASZKA and B. DOLEZYCH

Acta Biologica Hungarica 59, 2008

Activity of CAT

Similarly to AChE and GST, exposure to nickel generally did not influence the CAT
activity, with an exception of body wall, where CAT activity was increased by 66%
in the NiII group, and GI tract, where 37% inhibition in the NiI group was observed,
when compared to the controls (Fig. 4).

Exposure to pesticide caused 34% reduction of the CAT activity in the GI tract (P
group), and simultaneously an increase (by 70% in P group and by 47% in NiIIP
group) in the body wall of caterpillars. In the fat body a decrease in the catalase activ-
ity was observed in the NiIP (35%) and NiIIP (36%) group.

DISCUSSION

In our experiment, nickel at lower concentration (300 mg/kg) did not cause an
increase in mortality of the caterpillars and did not induce elongation of time of
development of the insects in comparison to the control group (Fig. 1). Similar
results were obtained by Boyd and Martens [9] and Boyd and Moar [10] who showed
that nickel in concentration of 500 mg Ni · kg–1 of artificial diet did not change
Lepidoptera caterpillars’ survival rate and mortality.

In the NiII group increased mortality was shown, which by the 25th day of exper-
iment reached 50% (Fig. 1). Similar results were observed in Pieris rapae caterpil-
lars bred on an artificial diet containing 1000 mg Ni/kg. After 17 days of breeding
higher mortality of the animals was noticed [29]. Statistical analyses showed that rel-
evant reduction in survival rate of the caterpillars was found in the individuals bred
on the diet containing 963 mg Ni/kg [10].

Development period of the caterpillars in the NiII group until the stage of pupa
was prolonged (Fig. 1). Insects exposed to heavy metals often spread more slowly,
they are smaller, show higher mortality or worse shape. Larsen et al. [27] showed
longer developmental time, changes in body colour, decreased mobility and
increased mortality among the caterpillars of Trichoplusia ni bred on plants enriched
with heavy metals.

In our experiment mortality of the pupae in the NiII group was above 44% while
in the control group it was about 12%. Similar results (Ni-provoked mortality 54%
vs. 13% among the controls) were obtained by Boyd and Moar [10] in Spodoptera
exigua bred on a nickel hyperaccumulator plant Strepthanthus breweri leafs.

Body mass of the caterpillars increased progressively and reached the highest val-
ues in the last larval instar (Table 1). Nickel at the concentration of 300 mg · kg–1

stimulated larval growth, which was 20% higher than in the control group and 50%
higher than in the NiII group. Often, when the concentration of a xenobiotic is rela-
tively low, the insects can allocate the energy from food to growth and development
and only part of it is used to eliminate processes of harmful substances [19].

The caterpillars of the NiII group at the last larval stage had the lowest average
body mass. Probably it would be the reason of a lower number of butterflies in this



group, because the percentage of imago was 37% lower than in the control group.
The minimal mass is required to reach a properly functioning imago stage. If the
body mass is below it and the insect is transformed, the size of its wings and gonads
will be probably insufficient to form a fully efficient imago [31].

The average body mass of the caterpillars from the NiII group at each larval stage
was lower than in the control and NiI groups (Table 1). The relevant reduction of
body mass in Eriocrania semipurpurella (Lepidoptera: Micropterigidae) caterpillars
was correlated with metal concentration (mainly Ni and Cu) in birch leafs and the
highest concentration of Ni in the larval body was 662 mg · kg–1 [25].

Heavy metals influence the activity of AChE [7, 13, 26] and the activity of this
enzyme has the potential to serve as a biomarker of heavy metal pollution. However
in our work the activity of AChE in caterpillars after nickel application remained
unchanged or – in the body wall – showed a relevant increase. We can suppose that
it can be a result of different activation of various isoforms of this enzyme. Such a
hypothesis is confirmed by experiments undertaken by Thaker and Hariots [36].
They exposed the shrimp (Callianassa tyrrhena) for 6 days to mercury and found a
70% reduction of the esterase activity, and after application of cadmium (0.1–0.8
ppm), dose-dependent increases in the esterase activities were found, which were due
to activation of multiple molecular forms of the esterases. 

Application of pesticide generally reduced the AChE activity in all analysed
organs of Spodoptera exigua, as compared to the control group, although the reduc-
tion of the enzyme activity was statistically significant only in the digestive tract (P,
NiIP, NiIIP groups) and fat body (NiIP and NiIIP groups) (Fig. 2). Inhibition of the
AChE activity caused by the diazinon was typical and confirmed a common model
of the OP pesticides action on animals [8, 33].

However, in a contaminated environment the animals are exposed to different
compounds of xenobiotics at the same time (PAH, pesticides, heavy metals, PCB),
and joint actions of these compounds can induce different effects on the enzyme
activities than a separate action of one of them. There are few toxicological studies
attempting to explain the relation among different chemical substances and their
simultaneous actions on organisms.

Joint action of a OP pesticide – dimethoate and different heavy metals on the
AChE activity on a grasshopper, Chorthippus brunneus, revealed a significant
decrease in the activity of AChE (by 56%) only in the insects collected on the most
polluted sites [3]. One of the reasons of such a phenomenon might be that metals and
dimethoate inhibit AChE by competing with acetylcholine for an active site of AChE
[6].

Steevens and Benson [35] found the mechanism of action between chlorpyrifos
and methyl mercury in an amphipod Hyalella azteca – chlorpyrifos reduced the
AChE activity, but methyl mercury did not. Joint action of these compounds result-
ed in a relevant reduction of AChE, which was greater than the effect of the pesticide
alone. 

Digestive tract and fat body of insects play an important role in detoxification of
xenobiotics. The activity of GST in the analysed organs of Spodoptera exigua in our
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work was comparable to the activity of this enzyme in other examined insects [41,
42]. The differences in the GST activity among species of insects can vary depend-
ing on different GST isoforms, kind of diet or different relations between substrate
and isoenzyme [14]. There are also significant differences in GST activity between
organs depending on their metabolism and role in defense against reactive oxygen
species, e.g. in honey bee workers the activity of this enzyme in ventriculus is about
5 times higher than in haemolymph and muscles [37]. GST is also involved in steroid
hormone synthesis [18], what could explain differences in GST activity between the
fat body and digestive tract observed by us.

In our work the relevant rise of the GST activity (26%) after nickel dosage was
shown only in the digestive tract of the caterpillars treated with 300 mg Ni · kg–1

(Fig. 3). We suppose that accumulation and concentration of nickel in different parts
of the body can have an influence on enzyme changes, e.g. GST, because there are
multiple forms of GSTs in insects and as Kirby and Ottea [24] suggest, expression of
GST activities in fall armyworm (Spodoptera frugiperda) is controlled by various
mechanisms depending on an inductor.

There are some examples of insect resistance after a long-term exposure to envi-
ronmental pollutants. A chronic exposure to nickel of Chrysolina pardalina, a
monophagic leaf beetle feeding on a Ni hyperaccumulating plant – Berkheya coddii
(Asteraceae) revealed, that this species modifies its sensitivity to dimethoate mea-
sured by the activity of GST, which was initially low and started rising after 14 hours
from pesticide application [5]. In our experiment pesticide provoked an increase of
the GST activities in the digestive tract in both groups pre-treated with nickel (NiIP
by 39%, NiIIP by 26%). The reverse change was observed in fat body, where in the
NiIIP group the relevant decrease by 26% was observed (Fig. 3).

Nickel belongs to transition metals that readily participate in oxidoreductive reac-
tions. It was proven, that metals, including nickel, can increase oxidative stress [2],
and their toxicity is partially associated with formation of free radicals [32]. This is
why we decided to assess the catalase activity, which is an antioxidative enzyme.

Our results indicate that nickel affects the CAT activity, although the final effect
is not easy to explain, because this activity increased in the body wall, and decreased
in the digestive tract and fat body (Fig. 4). It is not unlikely that experimental ani-
mals cope with the oxidative stress caused by nickel by different ways, activating
also other antioxidative enzymes, such as glutathione peroxidase. Such a relation was
found in grasshoppers (Chorthippus brunneus) living in a contaminated environ-
ment, additionally exposed to Cd in laboratory conditions [4]. The authors suggest
the possibility of compensating the low CAT activity with a higher level of glu-
tathione peroxidase after feeding the animals with cadmium. Similar conclusions
were collected by Eisenia fetida and E. veneta
exposed to Zn, Cu, Hg and a herbicide – paraquat. The catalase and SOD levels were
not induced after the application of these compounds, although previous experiments
had shown that Hg and Cu can stimulate the production of reactive oxygen radicals.
The authors suggest that other enzymes are involved in removing reactive oxygen
radicals, such as glutathione peroxidase, glutathione or ascorbic acid.

       et al. [20] on earthworms: 



In conclusion we can state that the long-term nickel intoxication affected both the
biometric and developmental parameters as well as the selected enzyme activities.
The concentration of 900 mg Ni/kg in nourishment was toxic while nickel in the con-
centration of 300 mg Ni/kg acted less clear, because some biometric parameters, like
larvae body mass, was elevated when compared with the controls. We registered also
a Ni-pre-treatment effect on the susceptibility to pesticide, which was manifested in
lower activity of GST and catalase in the fat body, when compared with the other
experimental groups.
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