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This study aimed to evaluate the effects of UV-A radiation on the antioxidant 

biomarkers in freshwater cladoceran, Simocephalus vetulus. The collected 

cladocerans were adapted for the lab conditions and feed daily with yeast and 

algae. Specimens of the investigated species were classified into four 

experimental groups (200 animals per each). The first group was the control 

(unirradiated group) and the other three groups were treated (irradiated by 

UV-A). The three treated groups were subjected to irradiation for a period of 

15, 30, and 60 minutes; respectively. After 3 days of irradiation, the activity 

of antioxidant enzymes (catalase CAT and superoxide dismutase SOD), total 

protein, lipid peroxidation marker, glutathione and nitric oxide were 

determined for each experimental group. Results showed significant 

differences in these antioxidant biomarkers between the control and treated 

groups. Also results showed the decrease in the antioxidant biomarkers such 

as LPO, SOD activity, NO, and GSH contents after 30 min of exposure. 
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INTRODUCTION   
 

The sun is our principal source of electromagnetic radiation. Ultraviolet radiation (UV) is among the many 

wavelengths of solar radiation. UV is subdivided into three wavelength bands: UV-A (320–400 nm), UV-B (290–

320 nm) and UV-C (200–290 nm) (CIE, Commission Internationale de l’Eclairage, 2000; Leech and Williamson, 

2000; Meyer-Rochow, 2000 ; Norval et al., 2007). Only UV-A and UV-B reach the earth’s surface and UV 

exposures induce biological responses (Diffey, 2002). UV-A radiation (320–400 nm) is scattered rapidly in water 

with biologically useful amounts to at least 100 m deep in clear aquatic environments (Losey and Hydes, 1998). 

Ultraviolet radiation (UV) has recently received a lot of attention since it may have negative effects on many 

aquatic taxa (Bancroft et al., 2007 ). 

Cladocerans play an important role in the freshwater environment. Often they predominate in the 

zooplankton and littoral microfauna and are therefore of major importance in the food chain, converting 

phytoplankton and bacteria into animal protein and making it available to higher animals such as fish. 

Simocephalus vetulus is a littoral or shallow-water cladoceran and is relatively large and easy to handle compared 

to many other cladocerans (Willis et al., 1995). 

Recently it was known that, the role of UVR doesn’t depend on causing oxidative stress for crustaceans 

only, but also characterized as one of the most important pro-apoptotic stimuli for them (Menze et al., 2010). 

High intensities of ultraviolet radiation are known to be harmful to aquatic biota, especially for species living in 

shallow, clear water bodies. Zooplankton species from such habitats are good model organisms to study the effect 

of changes in UV radiation, and how animals deal with this (Rautio and Korhola, 2002). 

Effects of solar UV radiation on the metabolic activities (Ha¨der et al., 2011; Hansson and Hylander, 

2009; Ma et al., 2012; Ma et al., 2013) and behavioral response of zooplankton (Hansson et al., 2007; Ma et al., 

2010; Rhode et al., 2001; Rocco et al., 2001; Wold and Norrbin, 2004) are well documented previously. UV 
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radiation suppresses the metabolic activities of zooplankton (Ma et al., 2010; Yu et al., 2009), and destroys both 

nauplii and adults (Dattilo et al., 2005; Kouwenberg et al., 1999; Ma et al., 2012), or indirectly decreases their 

survival and fecundity by altering the nutritional value of their food (De Lange and Van Reeuwijk, 2003; Scott et 

al., 1999).  

Zooplankton have developed a variety of protective strategies against solar UV radiation during their 

long term evolution, such as behavioral avoidance (Hansson et al., 2007; Hylander et al., 2009; Rhode et al., 

2001; Rocco et al., 2001; Wold and Norrbin, 2004), effective photo-enzymatic repair systems (Ha¨der et al., 

2011; Hansson and Hylander, 2009; MacFadyen et al., 2004), and the accumulation of photo-protective 

substances (Hairston, 1976; Hansson, 2000; Moeller et al., 2005; Sommaruga and Garcia-Pichel, 1999; Tartarotti 

et al., 2004). 

Antioxidants are linked to resistance against UV radiation in many animals, but little is known about 

antioxidant protection in freshwater zooplankton. The present study can be considered as a baseline study of the 

major antioxidant biomarkers in the freshwater cladoceran, Simocephalus vetulus as large and easy handling 

module of freshwater zooplankton, assuming that the different levels of ambient UV-A exposure would be 

reflected in different levels of antioxidant biomarkers. 

 

 

2. Materials and Methods 
2.1. Animal and experimental design 

Experiments were conducted using adult cladoceran, Simocephalus vetulus collected from the River Nile 

at Assiut city, Egypt by several horizontal tows of zooplankton net. The samples were transferred to the 

laboratory and cultured in normal laboratory conditions under a dark/light cycle of 12/12 h in 30 L rectangular 

tank containing tap water and Nile water (1:1) for one month and fed daily with algae and yeast.  

The large adult cladoceran, Simocephalus vetulus were filtered through nylon filter from the culture. The 

isolated adults were kept under a dark/light cycle of 12/12 h in 1L glass beaker containing 800 ml of filtered water 

from the culture. Simocephalus vetulus were classified into four experimental groups (200 animal per each); one 

control (placed in normal laboratory conditions) and 3 UV-A treated. The three treated groups (15, 30 or 60 

min/day) exposed to UV-A radiation for 3-day sequential. Three replicates were used for each experimental 

group. 

2.2. UV-A source  

Simocephalus vetulus were exposed to UV-A (ULTRA-VIOLET Products, Upland, CA, USA, model UVL-56) 

using a 6-W self-ballasted long-wave lamp (365 nm) with input voltage 220 V, 60 HZ. The UV-A source was 

fitted at about 20 cm above the glass beaker. 

2.3. Sample preparation and biochemical analysis 

After the irradiation, 1 gm of Simocephalus vetulus from each experiment group were homogenized in 1 ml of 

ice-cold 50 mM K-phosphate buffer pH 7.4, centrifuged at (8000 g for 20 min at 4 ◦C) and supernatant  of 

homogenates were used directly for the evaluation of biochemical parameters. Protein concentration was 

determined by Folin phenol reagent method (Lowry et al., 1951) and expressed as mg/ml. The activity of catalase 

(CAT) was determined basing on its ability to decompose H2O2 to H2O and O2 according to (Beers and Sizer, 

1952). Lipid peroxidation was indirectly measured according to the method of (Ohkawa et al., 1979) 

(thiobarbituricacid reactive substance, TBARS, test). The activity of superoxide dismutase (SOD) in tissue 

cytosols was determined according to its ability to inhibit the autoxidation of epinephrine at alkaline medium 

according to the method of (Misra and Fridovich, 1972). Nitric oxide (NO) was measured as nitrite concentration 

in tissue using the method of (Ding et al., 1988). Glutathione (GSH) was determined using the method of (Beutler 

et al., 1963).  

2.4. Statistical analysis. 

Basic statistics of the biochemical parameters of the control and exposed groups were reported as mean ± standard 

error (SE). The data were analyzed by one-way ANOVA followed by a post-hoc Duncan-test at 0.05 level of 

significance. SPSS (Statistical Package for the Social Science) package (version 16) and prism were used. 

 

Results 
The present study showed high mortality rates in Simocephalus vetulus after 3 days of exposure to UV-A 

radiation in all treated groups. The maximum percentage of dead individuals was 55% after 3 h of exposure to 

UV-A radiation. 

The investigation of the oxidative stress biomarkers in simocephalus vetulus of control and treated 

groups exposed to different doses of UV-A radiation showed a highly significant impacts (<0.001) on the 

concentration of the total protein in the treated groups compared to the control group. Exposure of Simocephalus 

vetulus to UV-A radiation induced highly significant decrease in the concentration of the total protein after 15 min 
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and 60 min of irradiation compared to the control group (6.2 ± 0.12) mg/ml. However an increase in the 

concentration of the total protein was noticed after 30 min of irradiation (7.27 ± 0.29) mg/ml compared to the 

control group (Fig. 1. A). 

The mean value of Catalase activity (CAT) in the tissue of untreated Simocephalus vetulus was (0.12 ± 

0.01) unit/min/mg protein, significant increase (< 0.01) in catalase activity were revealed in the irradiated groups. 

Decrease in Catalase activity was recorded after 30 min of irradiation (0.16 ± 0.05) unit/min/mg protein compared 

to 15 min and 60 min of irradiation (Fig. 1. B). 

SOD activity showed significant increase after 60 min of UVA radiation (4.56 ± 0.26) unit/mg protein 

compared to the control group (3.5 ± 0.35) unit/mg protein. While no significant difference was recorded after 15 

min of irradiation compared to the control one. Minimum significant decrease of SOD activity was observed after 

30 min of exposure compared to the other different groups (Fig. 1. C).  

Oxidative injury in terms of lipid peroxidation (LPO) showed no significant difference between the 

control group and the irradiated groups for 15 and 30 minutes. The group of irradiated S. vetulus for 60 minutes 

showed significant increase (3.09 ± 0.98) compared to the other groups (Fig. 1. D). 

Nitric oxide (NO) showed highly significant differences (p<0.001) between the irradiated groups 

compared to the control one. However, it was significantly increased after 15 min of exposure compared to all 

other groups. Nitric oxide values showed significant decrease after 30 min and 60 min of exposure in comparing 

to the other groups (Fig. 1. E). 

Glutathione (GSH) levels showed significant decrease (p<0.05) after 15 min and 30 min of irradiation 

compared to control group. However there is no significant difference was observed after 60 min of irradiation 

compared to the control group (Fig. 1. F). 
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Fig.1. Concentration of antioxidant biomarkers in Simocephalus vetulus after exposure to UVA radiation for 15, 

30 and 60 minutes. (A) Total protein (B) Catalase activity (C) Superoxide dismutase (D) Lipid peroxidation (E) 

Nitric oxide (F) Glutathione. 

Values are the mean of three replicates (n=3) ± SE. The significant difference between the groups were analysed 

by one-way analysis of variance. Mean values of different subscript letters (a,b,c,d) were significantly different 

(p<0.001). 

 

Discussion 
Protein content is a reflection of the entire physiological state of the organism and a measure of its 

energy budget, which can be affected by environmental contaminants (De Coen and Janssen, 2003; Jemec et al., 

2007; Koojiman, 2000). The result of this study indicated that exposure of Simocephalus vetulus to UV-A 

radiation induces highly significant decrease in the concentration of the total protein after 15 min and 60 min of 

irradiation; however an increase was noticed after 30 min of irradiation. The decrease in protein content after the 

exposure to UVA may be attributed to a physiological adaptability to compensate the UVA stress. To overcome 

the stress, the animal requires more energy and this energy demand may lead to protein catabolism. This result 

agrees with (Sancho et al., 2009; Villarroel et al., 2009), who observed a decrease in the protein content of 

Daphnia magna after exposure to fungicide (tebuconazole) and tetradifon, respectively. Decrease in total protein 

levels in freshwater clam, Corbicula fluminea exposed to metal toxicity was showed by (Baudrimont et al., 1997). 

They stated that the decrease in protein content may be due to reduction in general metabolic activity generated 

by metal toxicity. In the present work the increase in the total protein content after 30 min of irradiation may be a 

result to modulate the effect of stress. 

Catalase (CAT) is a well-known anti-oxidative enzyme and has been implicated in protection against 

H2O2. The present study showed significant increase in activities of CAT enzyme in Simocephalus vetulus, this 

increase may be due to UV-A radiation increases ROS production resulting in oxidative stress. Similar to the 

results of the present study, (Vega and Pizarro, 2000) reported an important increase in the CAT activity in 

Daphnia longispina after exposure to both UVA and UVB radiation. Also (Vlahogianni et al., 2007) found an 

increase in CAT activity in mussels, Mytilus galloprovincialis exposed to water samples of coastal areas from the 

Saronikos Gulf of Greece polluted by heavy metals. They concluded that the increment in CAT activity may be 

due to a defense mechanism of the cells in order to offset the oxidative stress induced by increased H2O2. 
(Rajkumar et al., 2011) stated that the increase in catalase activity is the evidence of amount of ROS neutralized. 

Increased activities of CAT have been reported in several invertebrate species in response to pollution 

(Stephensen et al., 2000). CAT is considered as an important and sensitive biomarker of oxidative stress, better 

than SOD, revealing biological effects on the redox status of the marine organisms (Regoli et al., 2002a; Regoli et 

al., 2002b). 

SOD catalytically scavenges superoxide radical which appears to be an important agent of toxicity of 

oxygen and provides a defense against this aspect of oxygen toxicity (Kadar et al., 2005). In this work the activity 

of SOD showed significant increase after 60 min of irradiation, while significant decrease has occurred after 30 

min of irradiation. The significant increase in SOD activity in S. vetulus may indicate that more protein is required 

to protect cells against superoxide radicals. (Dimitrova et al., 1994) suggested that the excess production of 

superoxide radicals by themselves or after their transformation to H2O2 causes the oxidation of the cysteine in 

SOD that deactivates it. Doi et al. (2002) and Ozmen et al. (2004) suggested the depression in SOD activity may 
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result in cellular injury by superoxide radical. Decrease in SOD activity has been reported in Daphnia magna 

exposed to pharmaceutical compound (acetylsalicylic acid) (Gómez-Oliván et al., 2014). 

Lipid peroxidation (LPO) occurs by the reaction of lipid radicals and oxygen to form peroxyl radicals 

(Powell, 2000). In the present study, TBARS content in the Simocephalus vetulus tissue was significantly 

increased after 60 min of exposure this  indicate the generation of lipid peroxide radical and oxidative stress. 

Similar result was obtained by (Vega and Pizarro, 2000), who observed an increase in LPO and CAT activity after 

exposure to UV-A radiation in D. longispina may be due to the presence of an inducible antioxidant protection 

mechanism against photo-oxidative stress. Consistent with this result, enhancement of LPO occurred in marine 

planktonic diatom Ditylum brightwellii after exposure to UV-A radiation (Rijstenbil, 2000). Lipid peroxyl radicals 

can damage the cells by changing the fluidity and permeability of the membrane or attacking directly DNA and 

other intracellular molecules, such as proteins (Mattie and Freedman, 2001). 

Nitric oxide (NO) can act as a free radical scavenger and inactivate O2
–
, to prevent cell toxicity (Cooke 

and Tsao, 1993). Significant increase of NO after 15 min of irradiation may be due to the activation of (NOS) 

system. An et al. (2005) ; Qu et al. (2006) ; Seo et al. (2002) and Xue et al. (2007) reported that NO increases as a 

consequence of the UV-B radiation in bacteria, animal and plants. In human skin, UVA radiation induced NO 

production due to photo-decomposition of nitro-reactive species (NORS) and nitrite, which representing the 

primary basis for NO formation (Paunel et al., 2005). Increase in NO human keratinocytes in skin occurred due to 

Increase in the activity of the enzyme NO (NOS) synthesis after exposure to UVA and UVB (Romero-Graillet et 

al., 1996). 

Glutathione is a tri-peptide non enzymatic anti-oxidant with a single cysteine residue and constitutes an 

important pathway of the antioxidant and detoxification defenses (Decaprio, 1997; Doyotte et al., 1997; Halliwell 

and Gutteridge, 2007; Vlahogianni et al., 2007). In this study UV-A induced significant decrease in GSH content 

in Simocephalus vetulus after first periods of exposure compared to the control group, while no significant 

increase was observed after 60 min of exposure till reached the same value of the control one. The decrease in 

GSH content may be due to the loss of compensatory responses and conversion of GSH to its oxidized forms. 

This result is agreed with (H. and Lin, 1977), who suggested that GSH levels are suppressed under severe 

oxidative stress due to the loss of compensatory responses and oxidative conversion of GSH to its oxidized form. 

(Zhang et al., 2004) suggested that a severe oxidative stress may suppress GSH levels due to the impairment of 

adaptive mechanisms. Yildirim et al. (2011) concluded that decreased GSH content during exposure to pollution 

may be due to an increased utilization of GSH, which can be converted into oxidized glutathione, and inefficient 

GSH regeneration. The increasing of Glutathione contents (GSH) after 60 min of irradiation may be due its role in 

preventing oxidative stress-associated with lipid peroxidation which subsequently makes maintaining an optimal 

balance of glutathione necessary for it to effectively quench peroxidation of the lipid membrane. Kerksick and 

Willoughby (2005) reported that, Glutathione is widely used to minimize the lipid peroxidation of cellular 

membranes and other such targets that is known to occur with oxidative stress. 

In conclusion, UV-A seemed to be an effective stressor on the cladoceran Simocephalus vetulus. 

Significant Increase in CAT activity after the first exposure time to UV-A radiation is a defense mechanism of the 

cells in order to offset the oxidative stress. Decrease in total protein content after exposure occurred due to 

overcome the stress. Increase in LPO, SOD activity and GSH content in Simocephalus vetulus after long period of 

irradiation means oxidative damage occurred by UV-A and this damage was more effective with increasing the 

period of exposure. 
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