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Abstract

Heavy metals and organophosphorus insecticide is known to act as disruptors for the enzyme system,
leading to physiologic disorders. The present study was conducted to investigate the potential use of these
enzymes as biomarkers in assessment of contaminated sediments on tropical chironomid species.
Acetylcholinesterase (AChE), glutathione-S-transferase (GST) and metallothionein (MT) activity was
measured in the fourth-instar chironomid larvae, Chironomus javanus, Kieffer, after either 48-hr or 96-hr
exposure to organophosphorus insecticide, chlorpyrifos (0.01- 0.25 mg kg”) or heavy metal cadmium (0.1-
25mg kg"). Exposure to chlorpyrifos (0.01 mg kg') at 48 and 96 hr significantly of AChE activity (64.2 % -
85.9%) and induced GST activity (33.9 - 63.8 %) when compared with control (P<0.05). Moreover,
exposure to cadmium (0.1mg kg ') at 48 and 96 hralso showed significantincreas GST activity (11.7 - 40 %)
and MT level (9.0 % - 70.5 %) when compared with control (P<0.05). The results indicated the impact of
enzyme activity on chlorpyrifos and cadmium contamination. Activity of AChE, GST and MT could serve as
potential biomarkers for assessment and biomonitoring the effects of insecticide and heavy metal

contaminationin tropical aquatic ecosystems.
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Introduction

Measurement of toxicant concentration is the most
common and simplest way to assess environment quality and
occurrence of biological effects from exposure to pollution (Van
der Oost et al., 2003). However, use of biochemical markers such
as enzyme activity, which is closely related to molecular biology,
immunological or physiological activity of an organism, has been
proposed as sensitive 'early warning' tool for assessing biological
effects (Callaghan et al., 2000; Van der Oost et al., 2003).
Acetylcholinesterase (AChE), a carboxylesterase enzyme, has a
key role in maintaining normal nerve function in the invertebrate
organisms (Callaghan, 2001) and is inhibited by neurotoxic

compounds such as phosphate and carbamate esters
(commonly used as insecticides) that bind to the enzyme and lead
to accumulation of acetylcholine in the synapse resulting in
disruption of normal functioning of nervous system (Olsen et al.,
2001). AChE inhibition has been used as a specific biomarker for
organophosphate and carbamate pesticides (Domingues, 2008).
Glutathione-S-transferases (GST) represents a family of
enzymes that catalyzes the conjugation of various compounds
having electrophilic centers (nitro compounds,
organophosphates and organochlorines) with tripeptide
glutathione. Glutathione conjugation products are rendered less
toxic and become more soluble in water, facilitating their excretion
(Olsen et al.,2001; Hyne and Maher, 2003). Increase in GST
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activity has been used as a biomarker of organic contamination
(Domingues, 2008). Metallothioneins (MTs) are small (6-7 kDa)
cytosolic proteins involved in metal homeostasis and
detoxification processes that contain about 60 amino acids (none
of which is aromatic) and high content of cysteine residues (Coyle
etal.,2002; Costa et al., 2008). The thiol groups (-SH) of cysteine
residues enable MTs to bind particular heavy metal for their
storage, transport or detoxification (Amiard et al., 2006). In
organisms, it has been reported that MT level increase every 48 hr
after being exposured to heavy metals ions. Thus, this response
can be used for the monitoring the effects of heavy metal
contamination in the environment (Rome o et al., 2000; Strouhal
etal., 2003; Kraemer et al., 2005; Prusa et al.,2006).

Application of biomarker data is relatively new in
ecotoxicological study but has limitations in tropical countries
such as Thailand due to availability of ecotoxicological data on
aquatic organisms. Similar to the situation with many developing
countries, there has been a revision of overseas ecotoxicological
data, especially from temperate locations, regarding the
significance of contaminants affecting organism in the
environment (Dominues et al., 2007). Direct comparison of
temperate-zone climate with tropical ecotoxicological data may
not be suitable, because organisms from tropical locations may
be more or less sensitive to contaminants than surrogate species.
The characteristics of sediment and water in river systems may
differ from other temperate locations that might influence toxicity
and sensitivity of organisms to contaminants (Somparn et al.,
2010). The assessment of toxic effects of pesticides and heavy
metals in tropical climate ecosystems should be performed with
local species, since their sensitivity to toxicants may differ
considerably from those of laboratory standardized organisms
from temperate-zone studies.

Chironomid species have been adopted as test species for
ecotoxicological assessment in both water and sediment
because they are an important component of freshwater
ecosystems, which represents one of the most widely distributed
groups of benthic organisms adapted to almost every type of
aquatic ecosystem (Vos, 2000). These species are important prey
for juvenile and adult fish and aquatic birds and can easily be
cultured under laboratory conditions with relatively short life cycle
(Taenzler, 2007). Two species of chironomid, typically used in
ecotoxicity testing, are C. tentans and C. riparius (Watts and
Pascoe, 2000). Since these species are not commonly found in
Thailand freshwater ecosystem, local chironomid species was
used in study to represent an accurate adverse effect of pollution
on the tropical invertebrate species in Thailand. Therefore, the
aim of the present study was to investigate the effects of
chlorpyrifos and cadmium on enzyme activity (AChE, GST and
MT) in tropical chironomid, Chironomus javanus.
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Materials and Methods

Test organisms: Chironomid larvae (Chironomus javanus) were
collected in the Ecotoxicology and Environmental Sciences
Laboratory, Khon Kaen University, Thailand were since 2009.The
culture was modified from OECD (2004). In brief, test species
where maintained at 25+1.0°C and kept under static conditions at
6:18 hr (light- dark) photo-period. The culture water had a
dissolved oxygen (DO) concentration at 5 -7 mgl™ and pH of 7-8.
Test species was fed with 0.5 mg of ground commerecial fish food
(TetraMin®, Melle,Germany). Continuous gentle aeration was
provided, using an air pump to maintain optimum oxygen level,
and the culture was maintained ill further use.

Study design: AChE, GST and MT assays were performed to
determine the activity of enzymes in chironomid larvae after
exposure to chlorpyrifos and cadmium for 48 and 96hr at
25+1.0°C. Artificial sediment was spiked with chlorpyrifos to give
test concentration of 0.01, 0.05, 0.1 and 0.25 mg kg" and
cadmium 0.1, 1, 10 and 25 mg kg''as described by OECD (2004)
test procedure. Four replication of five 4" instar larvae per
treatmentand control were used.

Measurement of AChE and GST activity: All the steps were
carried out at 4°C. Whole frozen chironomid was homogenized in
ice-cooled buffer (0.02 M phosphate buffer pH 8.0, containing 1%
Triton X-100) using a tissue homogenizer. Homogenate was
centrifuged at 14,000 xg at 4°C for 15 min. And supernatant of each
sample was stored at —20°C for not more than a week, until
enzymatic activities were complete. Total protein content in
homogenate was measured following the method of Bradford
(1976), at 595 nm, using bovine serum albumin as standard protein.

AChE activity assay was based on the method
described by Ellaman et al. (1961), with some modification. In
brief, the sample was mixed with 8 mM 5,5-di-thio-nitrobenzene
acid (DTNB) in phosphate buffer containing 0.75 mgl” NaHCO,
and 50 pl of 16 mM acetylthiocholine iodide. After incubation at
30°C for 5 min, AChE activity was determined by kinetic
measurement at 412 nm. Results were expressed as nmol mg”
proteinmin™.

GST activity assay was based on the method of Habig
et al. (1974), with some modification adapted to microplate. In
brief, the sample was mixed with assay buffer containing 1-
chloro-2,4-dinitrobenzene as substrate and glutathione in sodium
phosphate buffer at pH 7.5. All GST activity assays were realized
in conditions of linearity with respect to incubation time. The rate
was measured as AOD/min at 340 nm. Extinction coefficient of
9.6 was used with a light path of 0.600 cm for activity calculations.
The results were expressed as nmol mg” protein min™.

MT levels was estimated by the method of Viarengo et
al.(1997). Chironomid larvae was homogenized in three volumes
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of 0.5 M sucrose, 20 mM Tris-HCl buffer, pH 8.6, with added 0.006
mM leupeptine,0.5 mM phenylmethyl sulphonylfluoride (PMSF)
and 0.01% B-mercaptoethanol. The homogenate was then
centrifuged at 30,000g for 30 min at 4°C to obtain a supernatant.
The supernatant was then treated with 1.05 ml of cold absolute
ethanol and 80 pl of chloroform of 1 ml of supernatant. The
samples were and then at 6000 g for 10 min. This supernatant
sample was then centrifuged at 3000 g for 5 min at 4 °C; the
supernatant absorbance was evaluated at 412 nm following the
method of Ellaman et al. (1961), and MT level was estimated by
utilizing reduced glutathione (GSH) as standard. The data
expressed as ngmg ' protein

Statistical analysis: The data obtained from different
experiments were analyzed using ANOVA by Statistical 8
software (Version 8,USA) to detect significant difference in
variance (P<0.05) between treatment group of concentrations
and control.

Results and Discussion

The result of the effect of chlorpyrifos on AChE and
GST activity is tabulated of in Table1. Chlorpyrifos inhibited AChE
activity in a concentration duration manner. After exposure to
highest concentration (0.25 mg kg”) chlorpyrifos for 48 hr, the
AChE activity in chironomid was inhibited up to 76.5 % and when
exposed for 96 hr inhibition reached 91.1 % (Table 1). This
inhibition effect might be due to binding of chlorpyrifos-inhibited
AChE activity to active site serine, resulting in irreversible
inhibition of enzymes and thereby increasing both the level and
duration of action of the neurotransmitter acetylcholine.
Accumulation of acetylcholine will results in prolonged muscle
contraction and prolonged electrical activity at nerve endings
causing uncontrolled movement (Olsen et al., 200; Handy and

Table 1.: Effects of chlorpyrifos concentration on AChE and GST
activity of C. javanus at 48 and 96 hr.
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Galloway, 2003). Previous studies have reported chlorpyrifos the
ability of inhibit AChE in C. tentans and C. riparius in a dose and
time-dependent manner (Dominingues et al., 2008; Callaghan et
al., 2002). These studies also indicate that chironomid was
sensitive to low concentrations of chlorpyrifos (0.01 mg/ kg”) and
inhibited AChE activity to over 50 % after 24 hrs exposure, and
that AChE activity can be used as a biomarker for assessing
chlorpyrifos contamination that has low persistence in the
environment (PMRA, 2000).

At highest concentration GST activity increased by 272
% and 192% at 48 and 96 hr, respectively (Table 1). It is well
established that chlorpyrifos is effective in the inducting GST
activity in chironomid by catalyzing the conjugation reaction of
molecules with electrophilic sites with reduced glutathione and
with a group of compounds like organophosphates and
organochlorines (Olsen et al, 2001; Kheir, 2001; Crane, 2002).
GST can alter the structure of pesticide to less toxic form and
enhance elimination of toxicity from the organism. (Olsen et
al.,2001; Hyne and Maher,. 2003). It is also known that GST is
important in detoxification of organophosphates and
organochlorines, and is induced by these pesticides in many
aquatic organisms (Crane et al., 2002). Printes et al. (2007)
reported that C. xanthus increased GST activity after exposure to
chlorpyrifos for 96 hr. Moreover, there were significant differences
in GST activity over time with higher activity at 48 hr, compared to
96 hr (Table1) because the chironomid absorbs chlorpyrifos in its
body which causes the chironomid to create GST and remove
chlorpyrifos * from the body, resulting in less toxicity of
chlorpyrifos.

Table 2 shows MT level and GST activity in chironomid
after exposure to cadmium at 48 and 96 hr. The level of MT in

Table 2: Effect of cadmium on MT level and GST activity of C. javanus
at48and 96 hr.

Chlorpyrifos AChE activity GST activity Cadmium MT level GST activity

(mgkg-1)  (nmol mg I" protein) (nmol mg I protein) (mg kg") (ng g'tissue) (nmol mg I" protein)
48hr 96hr 48hr 48hr 48hr 96hr 48hr 48hr

0 33.7+¢1.0a  39.7¢16b 50.6+4.7 51.1+£2.7 0 110+1.2° 69.5£1.9°  19.6%1.7 20112
0) 0) (100) (100) (100) (100) (100) (100)

0.01 121+£0.9%a 56+09"b  67.8£42.5"d 83.7+3.6%c 0.1 120£1.6° 118+1.1°  21.9+1.9° 28.2+1.2°
(64.29) (85.9) (134) (164) (109) (171) (112) (141)

0.05 9.89+1.2a  56+1.2'b  99.1+2.1%c  69.6+2.4*d 1 136£1.1° 140£1.9°  28.9+4.7° 32.95%2.20°
(70.9) (85.9) (196) (136) (123) (201) (147) (164)

0.10 9.5+1.8%a 51+1.0"  127#1.1*b  90.9+£1.5%c 10 172£0.7° 159+1.8°  26.3x3.3° 33.5%1.1°
(71.9) (87.1) (250) (178) (155) (229) (134) (205)

0.25 7.9+1.4%a 35+1.3"h  1384£2.93*a 98.1+2.2*b 25 2330.7° 167£1.1°  76.242.0° 41.2+11°
(76.6) (91.1) (272) (192) 211) (240) (388) (205)

Note: Values are mean of four replications +SD; * indicate significant
difference from control (LSD, P < 0.05); different letters in superscript
indicate significant difference among different values as each exposure
time; Value in parentheses indicate values of % AchE inhibition and %
GSTinduction relative to the control.

Note: Values are mean of four replications +SD; " indicate significant
difference from control (LSD, P < 0.05); different letters in superscript
indicate significant difference among different values as each exposure
time; Value in parentheses indicate values of % MT and % GST induction
relative to the control.
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control tissues was 110.39 and 69.47 ng g after 48 hr and 96 hr,
respectively. There was significant increase in MT level in the
chironomid at of 0.1 mg kg” concentration at 48 and 96 hr as
compared to control (Table 2). In the present study, cadmium
administration to the chironomid resulted in rapid increase of MT
level up to maximum cadmium dose of 25 mg kg”. MT is a protein
that can eliminate heavy-metal toxicants from organisms
(Nordberg and Nordberg, 2000; Amiard et al., 2006) and its.

Induction represents an important defense mechanism
against the toxic effects of cadmium to the chironomid. Similarly,
Fabrik et al. (2008) observed that less toxicity of cadmium on the
C. riparius was correlated to decrease MT in concentration,
indicating the role of MT on heavy metal detoxification. The effect
of cadmium was evident when chironomid was exposed to lowest
concentration (0.1 mg kg') as there was significant effect of
cadmium on chironomid. The results presented for exposure
times 48 and 96 hr, showed that the MT level in chironomid at of 96
hr decreased when compared to 48 hr (Table 2), which indicated
that MTs needed some time to be induced. The LOEC value for
cadmium exposed to C. javanus was 0.1 mg kg indicating
sensitivity of biomarker to cadmium exposure.

Regarding GST, the mean value for GST activity in
chironomid for control obtained from the experiment with
cadmium at 48 and 96 hris presented in Table 2. After 48 hrs of
exposure to 25 mg kg™ cd, there was a significantincrease in GST
activity in chironomid (Table 2). After 96 hr, a significant change
was observed in GST activity in chironomid for all the tested
concentrations of cadmium (Table 2). Previous data have
reported different effects of cadmium on GST activity in aquatic
organism. An increase in GST activity in chironomid,
Propsilocerus akamusi exposed to 50 mmol | of cadmium was
observed at 96 hr (Zheng et al., 2011), and induction of GST
activity has also been observed in crayfish Procambarus clarkii
that exposed to 100 ugl” cadmium for 96 hrs. This study indicated
that GST activity also responded to cadmium. For comparison of
GST activity in chironomid between exposure times of 48 and 96
hr, the results showed that no effect of cadmium on GST activity in
chironomid for an exposure time of 48 hr (Table 2). Jamee et al.
(2007) described that GST activity was possible, since it
depended on the type of chemical, time and dose exposure and
showed that the values of both MT level and GST activity in C.
javanus could serve as one of the several biomarkers of cadmium
contamination. However, changing MT level in chironomid at 48
hr (cadmium 0.1 mg kg") showed higher potential as a biomarker
of cadmium exposure than GST activity (Table 2).

Taken together, AChE and GST activity, as well as MT
levels, show animpact on chironomid and thus represent an early
toxicity response to chlorpyrifos and cadmium contamination.
Therefore, assessment of AChE and GST, activity as well as MT
levels in chironomid could be promising biomarkers of
chlorpyrifos and cadmium contamination in sediment. The assay
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will be an environmental risk-assessment tool for pesticide and
heavy-metal contamination in the tropical ecosystem.
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