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The occurrence of cyanobacterial blooms has been re-
ported in fresh water all over the world [1]. Cyanobacterial 
bloom in ponds and reservoirs are associated with adverse ef-
fects on organisms, including acute toxicity in animals and 
cases of illness in humans when the toxins released into the 
aquatic environment after cyanobacterial cell lysis [2]. The most 
commonly found cyanobacterial toxins are microcystins (MCs) 
in blooms and the major toxic effect of MCs is its hepatotoxic-
ity [2, 3]. Microcystins exert their toxic effects mainly by inhib-
iting protein phosophatase type-1 and 2A [4]. In addition, it has 
been reported that oxidative stress also involve in the toxicity 
of MCs [5, 6]. Several studies indicated that antioxidants and free 
radical scavengers such as Vitamin E or selenium have protec-
tive roles in MCs-induced hepatotoxicity [7, 8]. 

Selenium is one of essential elements for organism and it 
plays important role in the health of mammalian animals [9]. It 
was reported that selenium could reduce carcinogenesis in ex-
perimental animals, and could be effective in cancer prevention 
in humans [10, 11]. However, toxic effect of selenium was also 
known in humans and animals at a level not much higher than 
the beneficial requirement [12].  

Nanotechnology has a great promise for medication and 
nutrition because materials at the nanometer dimension show 
novel properties different from their larger counterparts [13]. 
Selenium nanoparticles (Nano-Se) can be synthesized by re-
ducing selenite in an environment containing bovine serum 
albumin [14]. It has been reported that Nano-Se has a similar 
bioavailability in rat [15] and much less acute toxicity in mouse 

compared with selenium [16]. In addition, Huang et al. [17] found 
that Nano-Se has the capacity of scavenging free radical in 
vitro. Considering the potential protective role of Nano-Se on 
hepatotoxicity induced by MCs, we have great interest in in-
vestigating whether management with Nano-Se has any protec-
tive effect on lipid peroxidation and antioxidant system in 
MCs-treated mice. 

1  Materials and methods 
1.1  Chemicals 

Nano-Se in the particle size range of 10—80 nm was ob-
tained from Guangzhou Bosar Biochemical Technology Re-
search Co., Ltd., China. All other reagents obtained from vari-
ous commercial sources were of analytical grade. 
1.2  Microcystins preparation 

Microcystis aeruginosa used in this experiment was ob-
tained from FACHB (Freshwater Algae Culture Collection, 
Institute of Hydrobiology, Chinese Academy of Sciences) and 
its CCTCC No. was FACHB-1125. They were cultured in MA 
medium at the temperature of (25±1)C [18]. The Microcystis 
cell extracts were made using the modified method based 
Metcalf and Codd [19] and Harada et al.[20]. Briefly, the cells 
were incubated in boiling water for 15 min, and then samples 
were removed, cooled on ice, and centrifuged at 10, 000 r/min 
for 10 min. After centrifugation, the supernatant was pooled 
together and applied directly to C18 cartridges. The cartridge 
containing the toxin was washed with 100% methanol. The 
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methanol elute was collected and evaporated in rotary evapo-
rator to dryness. Finally, they were dissolved in 10 mL deion-
ized water. HPLC assay showed that the components of Micro-
cystis cell extracts were microcystins-LR and microcystins-YR. 
The concentrations of microcystin-LR and microcystin-YR 
were 948.60 μg/mL and 83.96 μg/mL, respectively. Therefore, 
the total concentration of toxin in Microcystis cell extracts was 
expressed as 1032.56 μg microcystins/mL. 
1.3  Animals 

Male Kunming mice in weight range of 20—22 g were 
bought from Experimental Animal Centre of Henan Province, 
China. They were maintained in the animal house for at least 1 
week before the experiment under controlled condition of illu-
mination (12h light/12h dark) and temperature (20—25C). 
They were allowed free access to a standard requirement diet 
and water libitum. The animals’ treatment protocol was com-
plied with the guidelines in the China Law for Animal Health 
Protection and Instructions for Granting Permit for Animal 
Experimentation for Scientific Purposes (ethics approval No. 
SCXK(YU)2005-0001). 
1.4  Experimental protocol 

The mice were randomly divided into four groups of 10 
animals each and received daily intraperitoneal (i.p.) injections 
for 10 consecutive days as follows: Control group with 0.9% 
saline solution; Nano-Se group with Nano-Se solution at a dose 
of 100 μg / kg and the dosed based on previous literature [7]; 
Microcystins group with microcystins solution at a dose of 9 μg 
/ kg and the dose was based on our previous result [21] which 
was approximately 1/4 LD50 for microcystins in mice. Micro-
cystins plus Nano-Se group with microcystins solution at a 
dose of 9 μg / kg and mice of this group also with Nano-Se 
solution at a dose of 100 μg / kg.  

At the end of the treatments, all the animals were fasted 
for 12h before being anesthetized and sacrificed by cervical 
dislocation. The mouse livers were quickly removed, and the 
blood immediately washed out with ice-cold 0.9% saline solu-
tion. The livers were weighed and stored at 70C. 
1.5  Biochemical assays 

Liver homogenates were prepared at 10% (w/v) in 4C 
PBS (pH 7.4). The homogenate was centrifuged at 9000 r/min 
for 15 min, the supernatant was collected and used for enzyme 
activity and soluble protein assays. 

Total superoxide dismutase (SOD) activity was deter-
mined according to Giannopotitis and Ries [22]. One unit of 
SOD activity was defined as a 50% inhibition in the rate of 
nitro blue tetrazolium reduction measured at 560 nm. Catalase 
(CAT) activity was measured by the methods of Cakmak and 
Marschner [23], calculating the rate of decomposition for H2O2 
at 240 nm. The concentration of thiobarbituric acid reactive 
substances (TBARS), expressed as MDA concentration (nmol/ 
mg protein), was assayed using the method of Ohkawa et al. [24]. 
Glutathione (GSH) level was determined colorimetrically as 
protein-free sulfhydryl content using 5,5-dithiobis-2-nitro- 
benzoic acid (DTNB) Ellman reagent [25]. The activity of glu-
tathione peroxidase (GPx) was measured following the proce-
dure of Paglia and Valentine [26]. Total protein content in liver 
was determined by the method of coomassie protein assay dye 
assay using bovine serum albumin as standard [27]. 
1.6  Statistics 

All results were expressed as mean ± standard errors 

(S.E.) (n =10). Differences between groups were calculated 
using a one-way analysis of variance (ANOVA), followed by 
the Tukey – Kramer multiple comparison test. P < 0.05 was 
considered to be statistically significant. SPSS 11.5 for win-
dows was used for statistical analysis. 

2  Results 
2.1  General observation 

No mortality was found throughout the experimental pe-
riod in any groups. An increased liver/body weight index (LBI 
% = liver weight×100/body weight) was observed in the 
MCs-treated group compared to the control. No change was 
found in Nano-Se-treated group. However, decreased level of 
LBI was recorded in the Nano-Se plus MCs-treated group when 
compared with the MCs-treated group (Fig. 1). 
2.2  Effects of Nano-Se on MCs-induced activity 

changes of antioxidant enzymes 
The activities of antioxidant enzymes in mouse livers 

were given in Fig. 2. The results showed the activities of SOD, 
CAT and GPx were significantly decreased in the liver of the 
MCs-treated group as compared with control group. Nano-Se 
treatment caused a significant increase in GPx activity and no 
any significant change in the activities of SOD and CAT when 
compared with control group. However, administration of 
Nano-Se significantly promoted the activities of these enzymes 
in the MCs-treated mice when compared to the MCs-treated 
group without Nano-Se. 
2.3  Effect of Nano-Se on the MCs-induced change of 

GSH level 
The content of GSH in the MCs-treated mouse livers sig-

nificantly decreased compared to the control group. In contrast, 
tissue content of GSH was significantly increased in the 
Nano-Se plus MCs-treated group when compared to the MCs- 
treated group without Nano-Se. However, Only Nano-Se treat-
ment did not change GSH content when compared to control 
group (Fig. 2). 
2.4  Effect of Nano-Se on the MCs-induced lipid 

peroxidation 
MDA is a secondary product of lipid peroxidation and its 

level was used to determine lipid peroxidation induced by 
 

 
 

Fig. 1  Effect of Nano-Se on MCs-induced change in LBI. The date 
are expressed as mean ± S.E. (n=10) 
a: P < 0.05 as compared with control group. b: P < 0.05 as compared 
with microcystins group 
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Fig. 2  Effects of Nano-Se on antioxidant enzymes and level of GSH in the liver of MCs-treated mice 
a: P < 0.05 as compared with control group. b: P < 0.05 as compared with microcystins group 

 
toxicant/toxin. In this study, microcystins treatment resulted in 
a significant increase of MDA level when compared with con-
trol group. But Nano-Se treatment significantly decreased the 
MCs-induced MDA level. In addition, only Nano-Se treatment 
did not induced any significant change in MDA level when 
compared with control group (Fig. 3). 

3  Discussions  
3.1  Lipid peroxidation 

The exact mechanisms of MCs-induced toxicity and tu-
mor promotion have not been fully elucidated. Many research-
ers reported that oxidative damage was involved in the toxicity 
of MCs in animals [5, 6]. Lipid peroxidation has been suggested 
to be a contributing factor to the development of oxygen radi- 

 

 
 

Fig. 3  Effect of Nano-Se on the level of MDA in the liver of MCs-trea- 
ted mice 
a: P < 0.05 as compared with control group. b: P < 0.05 as compared 
with microcystins group 

cals-mediated tissue damage. Some studies found that MCs 
could induce the formation of MDA in the liver of mouse or  
rat [28, 29]. In the present study, MDA level significantly in-
creased in the liver when mice exposed MCs at the dose of 9 μg 
/ kg. This result indicated that a significant oxidative stress was 
induced in the liver tissues of the MCs-treated mice. The level 
of MDA in the MCs plus Nano-Se group significantly de-
creased when compared with the group treated only by MCs. 
These results revealed that Nano-Se clearly decreased the lipid 
peroxidation in liver induced by MCs. The mechanism of inhi-
bition of lipid peroxidation by Nano-Se probably includes the 
direct scavenging of the radical and increased antioxidant ca-
pacity in cells [17]. 
3.2  Activities of antioxidant enzymes 

Significant decreases in SOD and CAT activities of 
mouse liver treated by MCs were observed in this study. Our 
results are similar with the report of Moreno et al. [29] who 
found that acute exposure to microcystin-LR resulted in a de-
crease in these antioxidant enzymes in rats’ liver. The decrease 
of SOD and CAT might predispose the liver to increased free 
radical damage because SOD is responsible for dismutation of 
highly reactive and potentially toxic superoxide radicals to 
H2O2 [30]. CAT has been considered to be the primary scaven-
gers of H2O2 and its activity decreases can reduce the protec-
tion against free radicals and lipid peroxidation. Nano-Se sup-
plementation maintained a level of SOD and CAT similar to 
that of control, indicating Nano-Se involved in different phases 
of free radicals detoxification. 

In addition to increasing direct antioxidant enzyme activ-
ity, Nano-Se can provide indirect protection against free radical 
injury by improving the activities of selenium-dependent anti-
oxidant enzyme, GPx. GPx is one of important enzymes pro-
tecting tissues from oxidative damage and various organic hy-
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droperoxides that form an important group of toxic compounds 
produced in oxygen metabolism [31]. In the present study, GPx 
activity in Nano-Se group was significantly higher than that of 
the control group. This result suggests that Nano-Se has an 
obvious protection on this biomarker. The GPx activity in the 
MCs plus Nano-Se group significantly increased when com-
pared with the MCs group without Nano-Se. Increasing GPx 
activity could be due to the higher selenium concentration 
above the nutritional optional activities for these enzymes and 
for the detoxification of MC. 
3.3  GSH level 

Glutathione plays an important role in the maintenance of 
intracellular redox status and antioxidant enzyme function [32]. 
In this study, GSH level was significantly decreased by MCs 
treatment compared to the control group. The decrease in GSH 
level may be on account of it’s consumption in the prevention 
of free radical mediated lipid peroxidation. On the other hand, 
GSH could be consumed in the detoxification of MCs. It has 
been reported that GSH can conjugate with MCs under cell-free 
conditions or enzymatically via glutathione S-transferase in 
several biological system [33]. The present findings indicate that 
mouse received Nano-Se treatment can inhibit GSH consump-
tion in liver during MCs intoxication. 

In conclusion, these results of the present study suggest 
that MCs cause liver toxicity by inducing lipid peroxidation 
and decreasing antioxidant system of mouse liver. Nano-Se 
supplementation effectively reversed these changes and 
Nano-Se could be a hopeful chemoprotective agent against 
MCs-induced toxicity. 
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