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Abstract. Most wastewater treatment plants now use aerobic biological treatment to dispose 

wastewater, but the toxicity of influent and effluent is unclear. In this study, subacute toxicity 

test was used to set four exposure groups and one control group to measure GSH-PX activity 

when zebrafish was exposed for 3,6,9,12,15 days at the indicated volume ratio, which is 10%, 

30%, 50%, 70% respectively for influent and 10%, 20%, 30%, 40% for effluent. For influent, 

because of the response to the oxidative stress, the GSH-PX activity was activated in all other 

exposure groups except for the 70% volume group. The GSH-PX activity in 70% volume was 

significantly lower than the control group indicates that because of the sustaining increase of 

volume ratio, antioxidant system in zebrafish was destroyed and antioxidant enzyme activity 

was reduced. But for effluent, GSH-PX activity in each group was less than that in influent but 

still slightly induced, which means that after aerobic biological treatment, the sewage can 

reduce oxidative damage to zebrafish, but still have induction effect. For both influent and 

effluent, maximum of GSH-PX activity was both at the 30% exposure volume 

(18.7523U/mgprot for influent, 10.8023 U/mgprot for influent) which can provide the data 

basis for future research. All in all, GSH-PX activity in zebrafish muscle tissue can response to 

the oxidative stress and the changes can be used as an indicator of oxidative damage. And it is 

necessary to use the anaerobic method for the secondary treatment. 

1.Introduction 

Antibiotic wastewater is a kind of high-concentration organic wastewater containing refractory 

materials and biological toxic substances [1]. In China, over 700 kinds of antibiotics are produced and 

used, with an annual output of approximately 210,000 tons of raw materials, as well as 30,000 tons for 

export in 2016 [2]. Shijiazhuang, the provincial capital of HeiBei, as the most productive place for 

antibiotics, it's production accounts for one sixth of the country [3]. Streptomycin is one of the 

common antibiotics, it extracted from the culture medium of streptomyces lividans [4]. Nowadays, 

there are still many technical difficulties in the production of antibiotics, resulting in many problems 

such as low utilization rate of raw materials, low purification purity and high residual antibiotic 

content in wastewater [5]. Discharge of wastewater is large. Most of sewage treatment plants now use 

aerobic biological treatment to dispose wastewater with considerable economic, environmental and 

social benefits. However, the toxicity of the influent and effluent is unclear [6]. 
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The discharge of antibiotic wastewater released into the water can consume the oxygen in water 

and then cause the oxygen deficiency and destroy the self-purification function of water. It may lead to 

the eutrophication and have certain impacts on the aquatic organisms. Zebrafish is one of the model 

organisms, which has the characteristics of easy feeding, rapid development, annual spawning, large 

fecundity and easy collection of eggs [7]. In 1996, the Organization for Economic Cooperation and 

Development (OECD) included zebrafish in its testing standards for health toxicology and 

environmental toxicity [8]. GSH-PX activity in muscle tissue of zebrafish is one of the most important 

antioxidant enzymes in the fish body. The change of its activity directly affects oxygen free radical in 

the intracellular and its final product-lipid peroxides (LPO) [9]. 

This study selected a sewage treatment plant's influent and effluent as the water samples which 

deals with streptomycin wastewater primarily and using zebrafish as the toxicity test organism to 

evaluate the effect of streptomycin wastewater on GSH-PX activity in muscle tissue of zebrafish. 

2. Materials and methods 

2.1. Experimental Materials 

2.1.1. Instruments and reagents. UV-visible light spectrophotometer (UV-2550); high speed centrifuge 

(TG16-WS); hypothermia refrigerator (BBC-226STV); high purity water distiller (SYZ-A). Protein 

kits, GSH-PX were purchased from a biological engineering research institute. 

2.1.2. Test animals. Zebrafish were obtained from aquafarm in Shijiazhuang. In this experiment, mean 

length of fish used in this experiment was 34.0±0.3mm and mean weight of fish used in this 

experiment was 0.24±0.03g. Before the experiment, disinfection treatment employ 5% salt water, and 

then domesticate a week in 48h of aeration tap water. Feeding was halted 7d prior to testing. Healthy 

individuals of fish with similar size and weight were employed for test. 

2.2. Experimental Methods 

2.2.1. Preliminary experiments. Health zebrafish were put into 100% streptomycin wastewater (water 

volume concentration percentage), and no death within 96 h. For the influent, subacute experiment set 

up four experimental groups, volume ratio is 10%, 30%, 50%, and 70% respectively. For the effluent, 

subacute experimental set up four experimental groups, volume ratio is 10%, 20%, 30%, 40%, 

respectively. The effects of streptomycin wastewater with different volume fraction on antioxidant 

capacity of zebrafish muscle tissue are determined. 

2.2.2. Exposure experiment. The subacute toxicity experiments lasted 15d. There are one control group 

and four experimental groups in the subacute experiments. There are three parallel experiments in 

each group, and put in 20 fish randomly. The experiment uses the static displacement method and 

changes the water every day. Besides, experiment assay is carried on 3, 6, 9, 12, and 15d.  

2.3. Assay Methods 

Zebrafish was dissected. 0.20g muscle tissue was obtained and rinsed in physiological saline. Muscle 

tissue was blotted with water and weighed. Samples was added to the mass ratio of 1:9 saline and 

grinded in the ice-water bath for 6-8min. 10% of the tissue samples were removed for experimentation 

and centrifugated for 10 minutes at speed of 3500 r·min
-1

 to get supernatant for future determination. 

The supernatant was collected for the experiment. 

2.4. Statistical Analysis 

All statistical analyses were expressed as mean ± standard deviation (SD). One-way Anova of all data 

were checked using SPSS 17.0. Significant difference analysis uses the method of least significant 

difference (LSD). It analyzes the data in the groups on the same day. P<0.05 was considered 

statistically different, 0.01<P<0.05 statistically significantly different, and P<0.01 statistically very 

significantly different. 
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3. Results and Discussion 

GSH-PX is found in almost all tissues of animals and has anti-oxidant functions to protect cell 

membranes from the irritation and damage of peroxides. It can reduce the incidence of cell mutations 

and clear out H2O2 that produced in tissues ability [10]. If the GSH-PX activity is suppressed, it may 

affect the body's antioxidant function and cause tissue damage [11]. This study selected a sewage 

treatment plant's influent and effluent as the water samples. Subacute toxicity method was used to set 

four exposure groups and one control group to measure GSH-PX activity when exposed for 

3,6,9,12,15 days at the indicated volume ratio, which is 10%, 30%, 50%, 70% respectively for the 

influent and 10%, 20%, 30%, 40% for the effluent. Almost all exposure groups had higher GSH-PX 

activity than the controls either in the influent or in the effluent, except for the exposure to 70% 

influent water. 

3.1. Effects of Streptomycin Influent and Effluent on GSH-PX Activity in Zebrafish 

3.1.1. Effects of Streptomycin Influent on GSH-PX Activity in Zebrafish. The activity of GSH-PX in 

zebrafish muscle with different concentrations of streptomycin influent in different exposure times is 

shown in Figure.1(a). For influent, when treated with 10% exposure volume, the activity of GSH-PX 

was significantly induced (P<0.01) from the ninth day. When treated with 30% exposure volume, the 

activity of GSH-PX was activated at all days of exposure, especially when exposed to the 6th, 9th and 

12th days. When the number of exposure days was identical, the maximum enzyme activity all 

appeared in the 30% exposure group. The remarkable increase of GSH-PX activity indicates that when 

exposed to a certain concentration of streptomycin wastewater, zebrafish body may increase the 

intracellular enzyme activity and improve the body's antioxidant protection mechanism, so that H2O2 

and oxygen free radicals can be promptly cleared and non-accumulation in cells. Avoid cell lipid 

peroxidation caused by cell damage simultaneously. Due to the reduction of lipid peroxidation 

products and the continual improvement of cellular anti-oxidant functions, oxidative stress damage in 

tissues can be minimized [12]. Li et al studied the effects of diethylstilbestrol on GSH-PX of 

Cadmium-contaminated Grass Carp. They found the maximum GSH-PX activity appeared at the mid-

value of exposure concentration (1mg/L) and proposed that grass carp had the strongest ability to 

scavenge oxygen free radicals when exposed to the concentration of 1mg/L [9], which is consistent 

with the results of this study.  

When treated with 50% exposure volume, the GSH-PX activity was significantly induced (P<0.01). 

However, the maximum was reduced by 21.40% compared to the 30% exposure group (When exposed 

to the 12th day). With the continuous increase of exposure concentration, the activity of enzyme 

gradually decreased, which may lead to the inadequate antioxidant capacity and the damage of 

antioxidant system [13]. This phenomenon was even more evident when exposed to 70% exposure 

group. Except for this group which exposed for 6 days, the enzyme activity of other groups was 

significantly lower than that of the control group. Especially, on the 15th day of exposure, the enzyme 

activity was only 27.40% of the control group. An assumption that the increase of concentration and 

prolongation of exposure time, the scavenging capacity of zebrafish's own cells is not enough to 

eliminate the free radicals, even damage the cells irreversibly, which hinders the synthesis of GSH-PX. 

So that enzyme activity was significantly lower than the control group. We have tried to compare our 

predictions with available conclusions made from another study. Liu et al studied the effect of 

ammonia nitrogen stress on activities of SOD and GSH-PX in muscle tissue of loach. According to the 

concentration of NH3-N, four experimental groups and one control group were set up. Concentration 

ratio were 50 mg/L, 150 mg/L, 250 mg/L, 450 mg/L. Muscle tissue was grinded for measure the GSH-

PX activity at 2, 7, 14 and 21 days. They found when the concentration was 250mg/L, compared with 

the 150mg/L concentration group, GSH-PX activity was seriously decreased. GSH-PX activity was 

57.46% of that in the control group when exposed to 450 mg/L for 21 days. They proposed that the 

activity of GSH-PX in muscle is affected by the exposure time and concentration of ammonia nitrogen. 

With the extension of exposure time, the antioxidant capacity of muscle tissue is inadequate, which 

will accumulate free radicals and decline the enzyme activity. Therefore, the enzyme activity of the 
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high concentration group showed a significant decrease at 21d [14]. That can provide the basis for this 

research's conjecture. 

3.1.2. Effects of Streptomycin Effluent on GSH-PX Activity in Zebrafish. For effluent, streptomycin 

effluent within 15d of GSH-PX activity in zebrafish muscle was shown in Figure.1(b). GSH-PX 

activity in each group was less than that in influent and the change trend was stable. Indicating the 

oxidative damage to zebrafish was reduced after aerobic biological treatment. However, the zebrafish 

muscle tissue was still slightly induced (0.01<P<0.05) compared with the control group.  

It can be seen in the Figure.1(b), under the same exposure conditions in different groups, the trend 

in the activity of GSH-PX changed variously with the increase of exposure time. The results of this 

experiment are keeping with those of Yao et al, who proposed that GSH-PX clears lipid peroxides 

induced by reactive oxygen species and hydroxyl groups in order to protect the integrity of cell 

membrane structure and function [15]. And changes in intracellular lipid peroxides are also affected 

by the cell's own metabolites [16]. 

Figure 1. Effect of streptomycin wastewater (a for influent, b for effluent) on GSH-PX activities in 

zebrafish muscle tissue. 
(The same day all the data are compared with control group, *p <0.05, ** p<0.01.) 

3.2. Comparison of GSH-PX activity with influent and effluent 

When treated with the same exposure volume (10%,30%) of influent and effluent, different results can 

be observed. When treated with 10% exposure volume of influent, the activity of GSH-PX increased 

at first and then decreased with the extension of exposure time, which accord with "bell-shaped" 

distribution. However, GSH-PX activity changes are not regular when treated with the effluent (10%), 

GSH-PX activity decreased on 6th day, then increased on 9th day, and decreased again on 12th day 

and 15th day. For both influent and effluent, the maximum of GSH-PX activity was both at the 30% 

exposure volume (18.7523 U/mgprot in influent, 10.8023 U/mgprot in effluent) indicating that when 

zebrafish exposed to 30% volume of wastewater, body's enzyme activity and antioxidant capacity are 

the largest, which can be used as a threshold for future research. 

On the other hand, for the influent, under the same exposure time, the activity of GSH-PX also 

showed a "bell-shaped" distribution as the exposure concentration increased. Shen et al studied the 

effect of streptomycin in influent on SOD activity and MDA content in zebrafish muscle. They found 

the SOD activity in zebrafish muscle was significantly induced on the 3rd day, and the SOD activity in 

the 50% volume fraction reached 30.56U/mg. 70% of the volume fraction of SOD activity in the 

experimental group gradually decreased with the extension of exposure time which SOD and GSH-PX 

can indicate the degree of oxidative damage in zebrafish [17], which is similar to the results of this 

study. Heleen Van Acker proposed that different concentrations of antibiotic wastewater produced 

reactive oxy-gen species (ROS) at a rate greater than the clearance rate, unbalancing the oxidation and 

antioxidant systems of zebrafish muscle tissue, causing tissue damage eventually[18]. But it can be 

seen in Figure.1(b), no similarities were observed in the effluent. Zhao et al discussed the effect of 

biochemical method on streptomycin effluent on the activity of SOD in zebrafish muscle. They found 

that when exposed for 9~15 days, 10%, 20%, 40% of the experiment group had no significant 

difference from the control group [19]. These experimental results indicate that the zebrafish 



5

1234567890 ‘’“”

IC3E IOP Publishing

IOP Conf. Series: Earth and Environmental Science 146 (2018) 012057  doi :10.1088/1755-1315/146/1/012057

 

 

 

 

 

 

antioxidant defense system eventually reached a new balance and the fish antioxidant defense system 

has a function of self-regulating [20]. 

4. Conclusion 

In this study, streptomycin Wastewater was used for subacute toxicity test by static laboratory 

exposure method, and experiments determined the zebrafish muscle GSH-PX activity. For influent, 

except for the 70%, the GSH-PX activity was induced in all other exposure groups because of the 

response to the oxidative stress. Owing to the continuous increase of volume ratio, antioxidant system 

in zebrafish was destroyed and antioxidant enzyme activity was reduced. Therefore, the GSH-PX 

activity in 70% volume was significantly lower than the control group. For effluent, GSH-PX activity 

in each group was less than that in influent but still slightly induced indicates that after the aerobic 

biological treatment, the sewage can reduce oxidative damage to zebrafish, but still have induced 

effect. It is essential to use the anaerobic method for the secondary treatment. For both influent and 

effluent, maximum of GSH-PX activity was both at the 30% exposure volume, which can be used as a 

threshold for future research. GSH-PX activity in zebrafish muscle tissue can response to the oxidative 

stress and the changes can be used as an indicator of whether oxidative damage occurs. 
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