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ABSTRACT 

 
Thallium (Tl) impact on living systems has become an important issue in recent years. However very few data exist about the 

consequences of Tl exposure in freshwater aquatic systems. The aim of the present study is to investigate alterations in the 

levels of antioxidative biomarkers (metallothionein (MT), total glutathione (GSH), glutathione peroxidase (GPx), glutathione 

S-transferase (GST) and catalase (CAT)) in the aquatic oligochaete Tubifex tubifex, in response to sublethal doses of Tl.  

Experimental groups were exposed to thallium acetate at 0.25, 0.5 and 1 µg l-1 concentrations during 7 or 15 days. MT levels 

were observed to be interestingly decreased. 0.25 µg l-1 concentration had no effect on total GSH, GPx and GST activities 

while 0.5 and 1 µg l-1 concentrations induced total GSH and GPx activitiy after 7 days. Longer exposure time resulted in a 

decrease in total GSH along with GPx and GST activities at all concentrations of Tl. Despite the significant elevation of CAT 

activity in all experimental groups, lipid peroxidation (LP) was observed to be induced depending on the increasing exposure 

concentration and time. The results suggested the possible mechanism of action in the antioxidant system of T. tubifex in 

response to Tl induced oxidative stress (OS) and provide useful information for the future evaluation of Tl impact on aquatic 

ecosystems. 
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Tubifex tubifex 'DE TALYUM İLE İNDÜKLENEN OKSİDATİF STRESE KARŞI OLUŞAN 

ANTİOKSİDAN YANITLAR 

 

ÖZET 
 

Talyum (Tl)’un canlı sistemler üzerindeki etkisi son yıllarda önemli bir sorun haline gelmiştir. Bununla birlikte, sucul 

sistemlerin Tl’a maruz kalmasının sonuçları ile ilgili çok az bilgi mevcuttur. Bu çalışmanın amacı, sucul oligoket Tubifex 

tubifex’in antioksidan biyolojik belirteçlerinde (metallotionein (MT), toplam glutatyon (GSH), glutatyon peroksidaz (GPx), 

glutatyon S-transferaz (GST) ve katalaz (CAT)), TI’un subletal dozlarına yanıt olarak meydana gelen değişikliklerin 

araştırılmasıdır. Deney grupları 0.25, 0.5 ve 1 µg l-1’lik konsantrasyonlarda, 7 ve 15 günlük süreler boyunca talyum asetat’a 

maruz bırakılmıştır. MT seviyelerinde ilgi çekici bir azalma gözlenmiştir. 0.25 µg l-1’ lık konsantrasyon toplam GSH, GPx ve 

GST aktiviteleri üzerinde etki göstermezken, 0.5 ve 1 µg l-1’ lık konsantrasyonlar toplam GSH ve GPx aktivitelerini 7 günün 

sonunda indüklemiştir. Daha uzun maruz kalma süresi GPx ve GST aktiviteleri ile birlikte toplam GSH’un da tüm 

konsantrasyonlarda azalmasına neden olmuştur. CAT aktivitesinde tüm deney gruplarında gözlenen anlamlı artışa rağmen, 

lipid peroksidasyonunun (LP) artan konsantrasyon ve süreye bağlı olarak arttığı gözlenmiştir. Sonuçlar Tl ile indüklenen 

oksidatif strese karşı, T. tubifex’in antioksidan sisteminin olası hareket mekanizmasını ortaya koymakta ve Tl’un sucul 

ekosistemlerdeki etkileri ile ilgili gelecekte yapılacak değerlendirmeler için önemli bir bilgi kaynağı oluşturmaktadır. 

 

Anahtar Kelimeler: Talyum, Tubifex tubifex, Oksidatif stres, Antioksidanlar, Lipid peroksidasyonu 
 

 

1. INTRODUCTION 

 

Thallium (TI) is a non-essential heavy metal occuring naturally at very low concentrations in the earth’s 

crust. However it has been released to the environment in large amounts by human activities particularly 

in the high technology field [1, 2]. Tl salts are water soluble and it possess high acute toxicity on living 

organisms [3]. In most aerated neutral waters, Tl(I) (thallous ion) is the predominant and the most stable 

form of ionic Tl. It may participate from water to sediments and can be absorbed onto some clay minerals 
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and hydrous metal oxides. It has been implied that sediments may act as an active sink for TI. Thus, 

previous studies suggested higher levels of TI in aquatic organisms [4]. 

 

The aquatic oligochaeta Tubifex tubifex is widely distributed in freshwater sediments. Tubifex worms 

are exposed to contaminants mostly as a result of feeding activities on sediments [5]. They constitute an 

important part of the aquatic food chain and toxicity related responses in these organisms are likely to 

represent the effects on the whole ecosystem. Therefore, it is considered as a test organism for sediment 

bioassays and to assess the acute toxicity of various pollutants including metals [6-8]. 

 

Tl toxicity results in reactive oxygen species (ROS) formation and oxidative stress (OS). Cellular 

damage induced by ROS can be modulated by the protective effect of antioxidants [9]. Beside the 

endogenous antioxidants such as metallothionein (MT) and reduced glutathione (GSH) a lot of attention 

was given to the enzymes; glutathione peroxidase (GPx), catalase (CAT) and glutathione S-transferase 

(GST) in invertebrates, as potential biomarkers of metal toxicity [10]. Lipid peroxidation (LP) has also 

been used as a suitable marker of metal toxicity in previous studies [11]. 

 

Since much of the consequences of TI exposure is unknown in freshwater ecosystems, more detailed 

studies are needed in aquatic organisms, bringing special attention to the changes occuring in antioxidant 

systems. In order to explain mechanisms that play role in the detoxification of Tl in T. tubifex and 

provide information for the future evaluation of Tl impact on aquatic ecosystems, present study 

investigated the alterations in the levels of selected antioxidants (MT, GSH, GPx, GST and CAT) and 

LP in T. tubifex exposed to sublethal doses of Tl in controlled experiments.  

 

2. MATERIALS AND METHODS 

 

2.1. Animals and Experimental Design 

 

The work was conducted in according to the laboratory animal care guidelines of Anadolu University. 

The worms were obtained from a local supplier and acclimatized for 2 weeks in a freshwater medium 

with pH 7.2 ± 0.2, dissolved oxygen (DO) 5.6 ± 0.2 mg/L, total hardness 260 ± 7 mg/L as CaCO3 and 

temprature 20.2 ± 1 oC. All experiments were conducted in a light-dark cycle of 12h. The water was 

continuosly aerated, renewed weekly and the animals were fed with TetraMin Flakes (Tetra Werke, 

Germany) once a week. They were starved 24 h before and during the experiments. Healthy animals 

were transferred from the stock tank into glass aquariums containing 1 l of distilled water with the 

density of 10 animals per 100 ml. TI was added from a stock solution as thallium (I) acetate (Sigma St 

Louis USA). There was a control and six experimental groups (n=3). Sublethal doses of TI were 

administrated during 7 and 15 days at 0.25, 0.5 and 1 µg l-1 concentrations to the experimental groups. 

Control worms were placed in another aquarium with uncontaminated water. Temprature and lightening 

conditions were as mentioned. All assays were run at least triplicate. 

 

2.2. Determination of Thallium Content 

 

Worms were oven-dried (48 h at 70 oC) to constant weight. Samples were digested in 5 ml of 

concentrated HNO3 at 60 oC. The digestate was diluted 1:1 (v:v) with double distilled water. The 

detection limit for Tl was 2 µg l-1 in Perkin Elmer Optical Emission Spectrometer Optima 4300 DV 

[12].   

 

2.3. Metallothionein (MT) Analysis 
 

The metallothionein was assesssed according to the method of Viarengo et al. (1997) [13]. Samples 

(1:3) were homogenized in Tris-HCl buffer (pH 8.6) containing 0.5 M sucrose, 0.0006 mM leupeptine, 

0.5 mM PMSF (phenylmethylsulphonylfluoride) and 0.001 % mercaptoethanol. The homogenate was 
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then centrifuged at 30.000 g for 20 min to obtain the supernatant containing MTs. Ethanol/chloroform 

precipitation was carried out to obtain a partially purified metallothionein fraction. Quantification of 

MT concentration was performed by spectrophotometric titration of the sulphydryl residues using the 

Ellman’s reagent. The amount of MT was calculated by using reduced glutathione as a standard [13, 

14]. 

 

2.4. Total Glutathione (GSH), Glutathione Peroxidase (Gpx), Glutathione S-Transferase (Gst) 

And Catalase (Cat) Measurements 
 

1 g of frozen worms from each replicate were pooled together, snap-frozen in liquid nitrogen and 

grounded, then homogenized in 0.1 M phosphate buffer (pH 7.6) containing 1mM EDTA and 0.25 M 

sucrose. The homogenate was centrifuged at 10.000 g for 10 min. The supernatant was stored at −80 ◦C 

until analysis. Protein contents were determined by the method of Bradford (1976) [15]. 
 

Total glutathione (total GSH) levels were determined by using a Bioxytech GSH-400 colorimetric kit 

(Oxis International Inc., Portland, OR, USA) based on the formation of a chromophoric thione by a 

three-step reaction. The absorbance measured at 420 nm was directly proportional to the GSH 

concentration. Results are expressed as micromoles of GSH per gram of tissue. Glutathione peroxidase 

(GPx; EC 1.11.1.9) activity was determined by a modification of the coupled assay procedure of 

Lawrence and Burk (1976) [16]. GPx(H2O2) activity was coupled to NADPH utilization and the 

production of NADP+ was measured spectrophotometrically at 340 nm. The amount of enzyme 

oxidizing 1 umol of reduced glutathione per min was defined as one unit of enzyme activity. Results are 

expressed as units of activity per milligram of protein. Glutathione S-transferase (GST; EC 2.5.1.18) 

activity was measured according to Habig et al. (1974) [17] through the conjugation of GSH with 1-

chloro-2,4-dinitrobenzene (CDNB). The rate of increase in absorbance was measured at 340 nm. Results 

are expressed as units of activity per milligram of protein. Catalase (CAT; EC 1.11.1.6) activity was 

assayed according to Beers and Sizer (1952) [18] by following the decomposition of hydrogen peroxide 

at 240 nm. Results are expressed as units of activity per milligram of protein.  

 

2.5. Assay of Lipid Peroxidation 

 

The LP status was monitored through the formation of thiobarbituric acid reactive substances (TBARS) [19]. 

Samples were homogenized in 1.15% KCl solution 10% (w/v). An aliquot of the homogenate was added to 

a reaction mixture containing 8.1% sodium dodecyl-sulfate, 20% acetic acid and 0.8% thiobarbituric acid. 

Samples were then heated at 95 oC for 60 min. TBARS were extracted with n-butanol and pyridine (15:1, 

v/v). Absorbance was measured at 532 nm. Results were expressed as nmol TBARS per milligram of protein. 

 

2.6. Statistical Analysis 

 

All data were analyzed by use of the SPSS 11.5 software package. A one-way analysis of variance was 

used to determine whether a significant difference existed between experimental groups and controls, 

followed by multiple comparison post hoc test. Data are expressed as mean ± standard deviation (SD), 

and differences were considered statistically significant if P < 0.05. 
 

3. RESULTS 

 

3.1. Tissue Thallium Concentrations  

 

Tl content of the worm samples in control and experimental groups is shown in Table 1. Control worms 

had no TI cocentrations above the detection limits. The amount of Tl in tissues of worms was obseved 

to be increased depending on the exposure concentration and time. 
 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WDM-4M4TNS3-1&_user=736614&_coverDate=06%2F30%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1431768531&_rerunOrigin=google&_acct=C000040859&_version=1&_urlVersion=0&_userid=736614&md5=a00118796736f43b40c8d20dda380604#bib3#bib3
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Table.1. Tissue thallium concentrations in T. tubifex exposed to 0.25, 0.5 and 1 µg l-1 concentrations of thallium 

acetate after 7 and 15 days. All values are mean ± SD. 

 

Exposure Concentration 
Tissue Tl Content (µg/g wet weight) 

7 days 14 days 

0.25 µg/l 0.017 ± 0.001 0.037 ± 0.004 

0.5 µg/l 0.025 ± 0.001 0.061 ± 0.008 

1.0 µg/l 0.053 ± 0.002 0.108 ± 0.011 

 

3.2. Metallothionein Levels 

 

MT levels decreased significantly depending on the exposure concentration. The rate of decrease was 

about 25.7 %, 41.7 %, and 45.8 % for the three increasing doses of Tl after 7 days. 15 days of exposure 

resulted in a more dramatical decrease at the levels of MT which was about 59.7 %, 68.4 % and 75.3 % 

lower than the control at the doses of 0.25, 0.5 and 1 µg l-1 respectively (Figure 1). 

 

 
 

Figure 1. Metallothionein levels in T. tubifex exposed to 0.25, 0.5 and 1 µg l-1 concentrations of thallium acetate 

after 7 and 15 days. All values are mean ± SD (One-way ANOVA).*represents statistically significant 

differences from control (P<0.05).  

 

3.3. Total Glutathione (Gsh) Levels, Glutathione Peroxidase (Gpx), Glutathione S-Transferase 

(Gst) And Catalase (Cat) Activities 

 

Figure 2 a-b is representing total GSH levels and GPx activity while Figure 3 a-b is representing GST 

and CAT activities in Tl exposed worms. Tl at the dose of 0.25 µg l-1 had no effect on total GSH, GPx 

and GST activities of animals after 7 days. 0.5 and 1 µg l-1 concentrations increased total GSH levels 

(64.7 % and 110.6 % respectively) and induced GPx activitiy (25.4 % and 22.43 % respectively). Longer 

exposure time resulted in a decrease at the levels of total GSH, GPx and GST at all concentrations of 

Tl. The rate of decrease was between 16.4 % and 39.12 % for total GSH; 20.2 %,and 52.8 % for GPx; 

and 13.0 % and 40.5 % for GST after 15 days (Figure 2a-b, Figure 3a). Tl toxicity resulted in an 

induction of CAT activity in T. tubifex for three experimental doses at all the time. The rate of increase 

was between 114.6 % and 172.3 % after 7 days and between 95.3 % and 108.5 % after 15 days. Longer 

exposure to Tl (15 days) induced a decrease of the CAT activity which remained clearly higher than 

control levels (Figure 3b). 

 

 



Aydoğan Kılıç and Kılıç / Anadolu Univ. J. of Sci. and Technology C – Life Sci. and Biotech. 6 (2) – 2017 
 

79 

 

 
 

Figure 2. a- Total glutathione levels in T. tubifex exposed to 0.25, 0.5 and 1 µg l-1 concentrations of thallium 

acetate after 7 and 15 days. b- Glutathione peroxidase activity in T. tubifex exposed to 0.25, 0.5 

and 1 µg l-1 concentrations of thallium acetate after 7 and 15 days. All values are mean ± SD (One-

way ANOVA).*represents statistically significant differences from control (P<0.05).  
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Figure 3. a- Glutathione S-transferase activity in T. tubifex exposed to 0.25, 0.5 and 1 µg l-1 concentrations of 

thallium acetate after 7 and 15 days. b- Catalase activity in T. tubifex exposed to 0.25, 0.5 and 1 

µg l-1 concentrations of thallium acetate after 7 and 15 days. All values are mean ± SD (One-way 

ANOVA).*represents statistically significant differences from control (P<0.05).  
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3.4. Liqid Peroxidation 

 

LP was observed to be increased in 0.25 µg l-1  (11.8 %) after 7 days but the difference was not significant 

when compared to control. For other groups, the significant increase in LP was dependent on the 

concentration of Tl and exposure time. The rate of increase was 33.7 % and 82.2 % at the doses of 0.5 

and 0.25 µg l-1  after 7 days and between 51.3 % and 117.6 % after 15 days (Figure 4). 

 

 
 

Figure 4. Lipid peroxidation in T. tubifex exposed to 0.25, 0.5 and 1 µg l-1 concentrations of thallium acetate after 

7 and 15 days. All values are mean ± SD (One-way ANOVA).*represents statistically significant 

differences from control (P<0.05).  

 

4. DISCUSSION 

 

Little is known about the toxic mechanisms induced by Tl in aquatic organisms. Previous studies on 

Tubifex worms were mainly focused on the distribution of Tl in these animals or discussed the acute 

toxic effects on their survival [20, 21]. Here, we investigated changes in the levels of selected biomarkers 

(MT, total GSH, GPx, GST and CAT) in T tubifex, in order to clarify the precise role of antioxidant 

mechanisms in these worms in relation to Tl toxicity. 

 

Exposure to Tl did not induce MT synthesis in experimental group animals. Besides, increased TI 

concentration resulted in a decrease in MT levels depending on the increasing dose and exposure time 

(Figure 1). In contrast to our results, MT had been observed to be induced in a large variety of species 

contaminated by metals. In the earthworm Lampito mauritii administration of lead (Pb) and zinc (Zn) 

resulted in a significant increase in tissue MT level [22]. Copper (Cu) toxicity resulted in an induction 

in the synthesis of T. tubifex MT [23]. Cadmium (Cd) and Zn exposure elevated MT levels in Daphnia 

magna [24]. On the other hand, exposure to Cu did not effect the synthesis of MT in the polychaete 

Perinereis nuntia [25]. Electron probe X-ray microanalysis revealed that TI does not induce generation 

of sulfhydryl-rich molecules including MT [26]. However results of a previous study of our group 

suggested an interaction between MT and Tl. Exogenous administration of MT prevented  TI- sulfhydryl 

rich protein interactions and oxidative stress by increasing antioxidant capacity [12].  

 

GSH and MT are the two antioxidant molecules which share some important similarities. Indeed, 

cysteines constitute one third of the both molecules aminoacids thus making them reactive to chemicals 
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or metals [27]. “Glutathione system” has shown to be effective as a defense mechanism against Cd 

toxicity [28]. However limited evidence exists for other metals. Our results showed that Tl exposure at 

the dose of 0.25 µg l-1for 7 days had no effect on total GSH, GPx and GST activities of animals. GSH 

synthesis and GPx activity were induced as a result of increasing exposure concentration, however, GST 

activity was stable after 7 days (Figure 2a-b, Figure 3a). H2O2 and other peroxides are detoxified by the 

enzyme GPx. GSH is the substrate of this reaction. Moreover, it can be conjugated to electrophilic 

xenobiotics by activity of GST or it can act as a direct scavenger of pro-oxidants such as transition 

metals [10]. In the present study GSH appears to be constituting a first line defense in T. tubifex against 

OS induced by Tl through the action of GPx. Tl exposure after 15 days of an experimental period resulted 

in a decrease in total GSH, GPx and GST in T. tubifex at all of the tested concentrations (Figure 2a-b, 

Figure 3a). Supporting these results, an vitro study investigating the effect of Tl(OH)3 on the normal 

functioning of the glutathione depending antioxidant defense system indicated that Tl(OH)3 (1–25µM) 

significantly decreased the content of reduced GSH caused by GSH oxidation and inhibited GPx 

activity. TI could react with GSH and reduce the effective GSH concentration [2]. When GSH is 

depleted by any metal, GSH synthesizing systems start making more GSH from cysteine. However, 

GSH is usually not effectively supplied in chronic metal exposure conditions[29]. The dose dependent 

increase in total GSH in T tubifex after 7 days of sublethal Tl exposure following a decrease in a longer 

period of time can be explained as a result of these mentioned conditions. On the other hand, GSH and 

MT share the same cysteine pool in the cell for their biosynthesis [30]. Therefore, the decrease in MT 

depending on the increasing exposure time and concentration may be attributed to the limited cellular 

cysteine availability inside the cell. 

 

Antioxidant defense enzymes may protect this imbalance resulted from GSH depletion [29]. Tl toxicity 

resulted in an induction of CAT activity in T. tubifex for three experimental doses at all the time. 15 

days exposure to Tl decreased CAT activity however it was still higher than the control levels (Figure 

3b). Similarly, Cu exposure at 50, 100, and 200 μg l−1 concentrations for 7 and 15 days resulted in an 

increase in CAT activity in T tubifex. Cu exposure also showed a decrease in GST after 7 days of 

exposure [22]. Activities of antioxidant enzymes in Tigriopus japonicus, exposed to different metals 

arsenic (As), cadmium (Cd), copper (Cu), silver (Ag), and zinc (Zn) were highly elevated showing that 

antioxidant enzymes act as an important cellular defense mechanisms against metal toxicity in this 

organism [31].  

 

GSH depletion impairs cellular defense against the toxic action of compounds such as hydroperoxides 

or other oxidants [27]. Membrane lipid peroxidation is a critical initiating event of cell damage. Loss of 

permeability/functions of the membranes results in a serious homeostasis imbalance. In a study 

evaluating the effects of UV-B radiation in T. tubifex as a model organism, total GSH contents were 

observed to be decreased significantly while TBARS increased and GST activity was inhibited [32]. 

Similarly, TI toxicity resulted in a significant elevation in LP for all of the experimental groups with the 

exception of 0.25 μg l−1 7 days exposed animals (Figure 4). Progressive elevation in LP depending on 

the increasing exposure concentration and time assumed to be mediated by the suppression of 

antioxidant system as a result of Tl toxicity. 

 

5. CONCLUSIONS 

 

According to the findings of the present study, MT levels interestingly decreased in T. tubifex and GSH 

estimated to be the key component of the defense system against Tl induced OS. The role of GPx, GST 

and MT are thougt to be modulated depending the cellular levels of total GSH. OS caused by Tl exposure 

at the dose of 0.25 μg l−1 was tolerable during 7 days of experimental period. CAT activity increased to 

prevent the imbalance resulted from GSH depletion. However with the increasing concentration and 

time, antioxidant protection was observed to be suppressed resulting in an increase in peroxidation of 

tissue lipids. These results manifested the possible mechanisms of action in the antioxidant system of T. 
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tubifex in response to Tl toxicity and expected to be a contribution for the future evaluation of Tl impact 

on aquatic ecosystems. 
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