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Abstract: Objective: To study the oxidative stress effects of microcystin-LR on rats Sertoli cells, and to explore the 
toxic mechanisms of microcystin-LR on reproductive system. Methods: Rat Sertoli cells were isolated and cultured. 
Purity of extracted Sertoli cells was identified by Feulgen staining method. Viability of primary rat Sertoli cells and 
the maximum dose of non-cytotoxicity of MC-LR on Sertoli cells were ascertained with MTT method after the cells 
were treated with the different concentrations of MC-LR for 24h. LDH, MDA, SOD, ROS in Sertoli cells were 
analyzed after Sertoli cells were cultured with different concentrations (0 µg/L, 0.15 µg/L, 1.5 µg/L, 15 µg/L) of 
MC-LR for 6, 12, 24h,. Results: The Sertoli cells model was obtained to study the toxic effects of MC-LR. The 
highest non-toxicity concentration of MC-LR was 15µg/L. The level of ROS in cells increased after exposed to the 
different concentrations of MC-LR, and there was a statistically significant difference when cells were exposed to 
15g/L compared to control cells(P<0.05). There was no statistically significant difference of MDA between control 
cells and cells exposed to MC-LR (P>0.05). The changes of lactate dehydrogenase (LDH) leakage amount were not 
significant after cells were cultured with the different concentration of MC-LR (P>0.05). The decreases of 
superoxide dismutase (SOD) were found to be dependent on the dose (P＜0.05). Conclusion: MC-LR caused 
change of ROS in this study, but it had no effects on MDA. MC-LR had no effects on leakage rate of lactate 
dehydrogenase (LDH) but enhanced the activity of superoxide dismutase (SOD). The results suggested that MC-LR 
can induce oxidative stress in primary cultured rat Sertoli cell, but can not lead to lipid peroxidation. 
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1. Introduction 

Microcystins (MCs) are cyclic heptapeptides 
consisting of five common amino acids and two 
variable-amino acids, and their general structure is 
cyclo(-D-Ala-L-X-erythro-X-methyl-D-isoAsp-L-Y-
Adda-D-isoGlu-N-methylde-hydro-Ala), in which 
Adda(3-amino-9-methoxy-2-,6,8-trimethyl-10-
phenyldeca-4, 6-dienoic acid), consisted of 20 special 
atomic carbons, is nearly related to the toxicity of 
Microcystins [1,2,3,4] 

Microcystins, specific hepatotoxins produced by 
several cyanobacteria species in eutrophic surface 
waters, have received increasing worldwide concern 
due to their toxic potential in the past decades [1,5]. 
Microcystins are typically found only within the 
bacterial cells. However, when Microcystis cells die 
or are handled, Microcystins are released and can 
pollute drinking water sources [6,7,8]. To date, 67 kinds 
of Microcystin isoforms have been found [4], but 
Microcystin-LR (MC-LR) is the most common and 
the most toxic member. MC-LR has a LD50 value of 
0.05mg/kg in mice by intraperitoneal injection [2]. 

MC-LR is a kind of intracellular toxin and has 
been documented to cause intoxication and lethalities 

in livestock, wildlife and even human [2]. 
Epidemiological investigations have indicated that 
Microcystins cause stomach and intestinal 
inflammation, disease of the spleen, and liver cancer 
in humans who drink water containing Microcystins. 
These effects correlate in part to the relative role of 
different organs (liver, kidney and lung) in the 
accumulation of Microcystins[13]. Lately, some 
studies have proved that Microcystins also were 
accumulated in the gonads, and the gonads were 
considered as the second target organ of Microcystins 
[9,10]. But so far, there have been few previous reports 
about the reproductive toxicity of Microcystins. For 
these reasons, the aim of the present study was to 
investigate the toxicity of MC-LR on the male rat 
reproductive system using primary cultured rat 
Sertoli cell. 
 
2. Material and Methods  
2.1. Chemicals 

MC-LR was purchased from Institute of 
Hydrobiology (Wuhan, China). Dulbecco’s modified 
Eagle’s medium-Ham’s F-12 medium(DMEM-F12 
medium) were purchased from Sciencell Inc. 
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Penicillin-streptomycin antibody(SV30010.01)were 
obtained from BBI Inc. Trypsin (SH30042.01) and L-
glutamine (SH30034.01) were purchased from 
HyClone Inc. Collagenase I were obtained from 
Beijing Solarbio Science & Technology Co.Ltd. 
Trypan blue and Tris were obtained from Sigma Inc. 
Dimethyl sulfoxide (DMSO) was obtained from 
Tianjin Damao Chemicals station. 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyltetrazolium 
bromide (MTT) was purchased from Amresco Inc. 
Superoxide dismutase (SOD), Lactate dehydrogenase 
(LDH) and Maleic dialdehyde (MDA) test kits were 
purchased from Nanjing Jiancheng Bioengineering 
Inc(Nanjing, Jiangsu, China). Reactive oxygen 
species were purchased from Biyuntian 
Bioengineering Institutes. All other reagents were of 
analytical grade. 

 
2.2. Animals  

Healthy male Sprague-Dawley rats of 18-20 days 
weighing from 45 to 50 g were obtained from The 
Experimental Animal Center of Henan Province and 
kept in a well-ventilated room (23±1℃, 12h light/ 
12h dark cycles, free access to water and standard 
pellet diet) for a week before used.  

 
2.3. Treatment 

A method was set up for obtaining a large 
number of viable Sertoli cells from Sprague-Dawley 
(SD) rats of 18-20 days. Whole testes minced from 
SD rats were sequentially treated with 0.25% 
pancreatin for 15-20 min and 0.1% collagenase for 
20-25 min, and then Sertoli cells were washed and 
cultured in DMEM/F-12 media with 10% fetal 
bovine serum incubated at 37℃  in a humidified 
incubator with an atmosphere of 5% CO2。After 4 
days, the cells containing sperm were eliminated 
through lysing with a hypotonic solution of 20 mM 
Tris-HCL for 3 min. Feulgen staining was used to 
identify the purification of Sertoli cells. The viability 
of Sertoli cells was ascertained with MTT method 
after the cells were treated with the different 
concentrations of MC-LR for 24h.  

Sertoli cells were treated with different 
concentrations (0µg/L, 0.15µg/L, 1.5µg/L, 15µg/L) of 
MC-LR. After 6, 12 and 24h, LDH, MDA, SOD, 
ROS of Sertoli cell line were analyzed. 
 
2.4. Statistical analysis  

The SPSS 12.0 statistical software was used for 
one-way ANOVA (analysis of variance, ANOVA), 
Bonfferoni pairwise comparison, Levene test of 
homogeneity of variance of data for statistical 
analysis (significance level α = 0.05). 
 

3. Results  
3.1. Effect of MC-LR on the viability of Sertoli 
cells 

Sertoli cells isolated and cultured in this study 
grew well, and the relative purity was more than 
95%, which can be used in vitro experiments. Sertoli 
cells were cultured with different concentrations of 
MC-LR for 24h and it was found that optical density 
(OD) had no significant difference (P>0.05). That 
indicated MC-LR concentrations of up to 15µg/L 
hadn’t obvious effect in cell survival rate (Table1). 
Based on this result, MC-LR of 0µg/L, 0.15µg/L, 
1.5µg/L and 15µg/L was used in subsequent 
experiments. 

 
3.2. LDH leakage rate 

After treated with MC-LR (0.15, 1.5, 15µg/L) for 
24h, LDH leakage rate had no statistically significant 
difference compared with the control group (P>0.05). 
Studying time-response relationship, LDH leakage 
rate of cells treated with the high dose (15µg/L) MC-
LR showed a slight increase, but it was not 
statistically significant (P>0.05) (Table2). 

 
3.3. Variation of SOD  

Studying the dose-response relationship, SOD 
content in treated cells changed with MC-LR (0.15, 
1.5, 15µg/L) after 24h. SOD activity in treated cells 
of 1.5µg/L MC-LR and 15µg/L MC-LR group had 
statistically significant difference compared with the 
control group(P<0.05). When the time-response 
relationship was studied, SOD content in cells treated 
with the high-dose (15µg/L) MC-LR had no 
significant difference with the control group (P> 
0.05) (Table3). 

 
3.4. Variation of ROS 

Compared with the control group, the amount of 
ROS in cells of each group increased. In the same 
group with different exposure time, the amount of 
ROS increased with the increase of the MC-LR 
concentration. In the same exposure concentration 
and exposure time, the amount of ROS was also 
increased. 6h and 24h after exposure, ROS in the 
treated group increased. However, only 15µg/L group 
had significant difference with the control group (P 
<0.05) (Table4). 
 
3.5. MDA content in Sertoli cell 

 MDA content in cells with the different exposure 
time did not change significantly. In the different 
MC-LR concentration, MDA levels had no 
significant difference during the exposed time 
(P>0.05) (table5). 
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Table 1. OD value of rat Sertoli cells in different exposure concentration groups 

Exposure concentration (µg/L) n OD value( x ±s) 
0 6 0.435±0.035 

0.15 6 0.500±0.063 
1.50 6 0.473±0.095 
15.00 6 0.457±0.033 

 
Table 2. LDH leakage rate of cells with different MC-LR exposure times and concentrations 

LDH leakage rate(%)( x ±s,n=6) with different  MC-LR concentration(µg/L) Exposure time 
0 0.15 1.50 15.00 

      6h 56.57±1.77 56.39±0.33 57.04±1.1 58.1±0.91 
     12h 58.25±0.47 56.8±1.13 58.15±0.62 57.69±1.22 
     24h 58.35±0.35 58.52±0.79 57.92±0.17 57.54±0.64 

 
Table 3. SOD content of cells with different MC-LR exposure times and  concentrations 

SOD content (U/mgprot) ( x ±s,n=6)with different  MC-LR concentration(µg/L) Exposure time 
0 0.15 1.50 15.00 

      6h 52.17±5.22 53.41±8.55 63.57±6.64 62.64±5.02 
     12h 61.2±10.6 68.33±10.49 67.57±18.6 67.99±17.85 
     24h 92.92±12 77.46±17.65 67.2±1.14﹡ 65.69±6.41﹡ 

Note:*: groups exposed to MC-LR compared with control group, p<0.05 
 

Table 4. OD value of ROS in cells with different MC-LR exposure times and concentrations 

OD value of ROS( x ±s,n=6) with different  MC-LR concentration(µg/L) Exposure time 
0 0.15 1.50 15.00 

     6h 0.85±0.16 0.826±0.09 0.933±0.113 0.995±0.047 
     12h 1.073±0.121 1.26±0.28 1.48±0.295     1.715±0.132﹡ 
     24h 1.927±10.105 2.032±0.07 2.06±0.063      2.21±0.028﹡ 

Note:*: groups exposed to MC-LR compared with control group,p<0.05 
     

Table 5. MDA content of cells with different MC-LR exposure times and  concentrations 

MDA content (U/mgprot) ( x ±s,n=6) with different  MC-LR concentration(µg/L) Exposure time 
0 0.15 1.50 15.00 

       6h 0.071±0.005 0.069±0.006 0.073±0.007 0.061±0.003 
      12h 0.077±0.003 0.073±0.016 0.066±0.002 0.075±0.002 
      24h 0.089±0.003 0.073±0.006 0.075±0.001 0.075±0.005 

 
 

4. Discussions  
In the last decade, masses of cosmopolitan lethal 

animal poisonings and a plenty of cases of human 
illness caused by toxic cyanobacteria blooms have 
brought about the attention of World Health 
Organization and the public. Microcystins are a 
group of heptapeptide toxins produced by 
cyanobacteria in eutrophic freshwater, some of which 
are potent toxins, and Microcystin-LR is one of the 
most toxic and abundant variants in blooms. MCs 
form a health risk to wildlife, livestock and even 
humans.  

The main mechanisms of Microcystins toxicity 
is through inhibiting the protein phosphatase of serine 
and threonine (PP1 and PP2A)[11] to increase the 
protein phosphorylation and cell toxicity of direct 
relevant tumor[12,13], and  make the cytoskeleton  
proteins highly phosphorylated. Moreover, they 
regulate cell apoptosis by leading to important 
control protein phosphorylation[14]. Researches 
proved that exposure to low level of MC-LR can 
promote many cells apoptosis [15,16]. 

There are many kinds of statements about 
toxicology mechanisms of MCs. For example, some 
studies reported MCs could cause DNA-protein 
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crosslinks (DPC)[17]. But among these mechanisms, 
the oxidative stress is attracting more and more 
attention. It has been reported that MCs can cause 
oxidative damage in animals both in vitro[15,18]and in 
vivo experimental models[19,20,21]. Yan Li studied the 
toxic effect of MC-LR on male rats reproductive 
system in vitro and vivo[23]. They found MC-LR can 
cause oxidative stress on leydig’s cell and produce 
cell toxicity. Besides, MC-LR played an important 
role in cell apoptosis, thus reducing ability of leydig’s 
cell to secrete testosterone and produce the 
reproductive toxicity [22]. The damage mechanisms 
may be that MC-LR entered the body and caused the 
oxidative stress and testicular change, resulting in 
that testicular function was seriously damaged [23]. 

In this study, we have made clear that the changes 
of ROS, LDH, MDA and SOD were associated with 
MC-LR-induced reproductive system damage in 
vitro. Reactive oxygen species (ROS) were certain 
metabolites of oxygen and oxygen derivatives. Their 
chemical reactivity was more lively than oxygen. 
Under normal circumstances, ROS had very 
important physiological role in reproductive system. 
However, when the generation of ROS beyond the 
clearing abilities of antioxidant system, they could 
cause lipid peroxidation. In this experiment, we 
found that ROS levels of each MC-LR group were 
higher than that of the control group in different 
exposure time. This result was consistent with the 
result of Ding’s, who reported the oxidative stress of 
MC-LR on liver cells [24]. This study showed that the 
ROS of high concentration MC-LR group had 
statistically significant difference with control group 
(P<0.05) after exposed for 12h and 24h. The study 
illustrated that the toxic effect of MC-LR on Sertoli 
cells was enhanced with the extension of exposure 
time and the increasing of exposure concentration. 

LDH is a special kind of catalyzing enzymes, 
which is in cytoplasm and participated in glycolytic 
cycle. LDH leakage is generally accepted as a sign of 
necrosis. However, recent studies by Chong et al. [25] 
and Riss et al. demonstrate that LDH leakage is 
related cells apoptosis [26]. When cells cultured in 
vitro, LDH will leak out from cell to culture solution 
if cell membrane is damaged[27,28]. Therefore, cellular 
damage degree can be measured objectively by 
measuring LDH leakage rate. The result showed  that 
significant difference of LDH leakage rate between 
each test group was not observed after Sertoli cells 
were treated by MC-LR for 6~24h (P>0.05). This 
illustrated that low doses of MC-LR didn’t cause cell 
membrane damage obviously and cell permeability 
didn’t change. 

MDA is one of the final products of lipid 
peroxidation, and it was often used to evaluate the 
lipid peroxidation degree. This study found that 

MDA content of each MC-LR dose group hadn’t 
significant change (P>0.05) compared with control 
group cells in different exposure time. The reason 
may be that the exposure dose was lesser. The results 
suggested that lipid peroxidation did not occur in 
Sertoli cells exposed to lesser dose of MC-LR. 

SOD is a kind of important intracellular 
antioxidant enzymes. SOD can transform superoxide 
anion radical (O2) into hydrogen peroxide (H2O2). 
With CAT was activated, H2O2 can be transformed 
into H2O. Too much toxins may cause the excessive 
consumption of SOD activity [20]. Studies have shown 
that SOD is the most sensitive antioxidant enzymes 
after cells are exposed to the MCs. This study also 
found that the content of SOD in Sertoli cells was 
reduced with the increase of MC-LR dose. This 
experiment ascertained that oxidative stress 
strengthened along with the exposure concentration 
of MC-LR increasing. But SOD had no statistically 
significant difference between the different exposure 
time.  
       In conclusion, the results suggested that MC-LR 
can induce oxidative stress in primary cultured rat 
Sertoli cells, but it can not lead to lipid peroxidation. 
The present study revealed that MC-LR could exert a 
generally chronic toxicity on reproductive system of 
male rat, specially on the testes. Oxidative damage 
may underlie these pathological changes. 
 
Acknowledgements:  

The study was supported by the grant 
(#102102310110) funded by the Science and 
Technology Development Fund of Henan province.  
 
Corresponding Author: 
Huizhen Zhang 
Department of Environmental Health 
Zhengzhou University School of Public Health 
Zhengzhou, Henan 450001, China 
Tel: +86 371 6778 1461; Fax: +86 371 67781868 
E-mail: huizhen1972@126.com  
 
References 
1. Carmichael WW. Cyanobacteria secondary 

metabolites-the cyanotoxins. J Appl Bact. 1992; 
72(6):445-459. 

2. Dawson RM. The toxicology of microcystins-
review article. Toxicon. 1998;36(7), 953-962.  

3. Figueiredo DR, Azeiteiro, UM, Esteves SM, 
Goncalves FJM, Pereira MJ. Microcystin-
producing blooms-a serious global public health 
issue. Ecotoxicol Environ. 2004; 59(2): 151-163. 

4. Chris WD, Scott, MP, William, LB. Liquid 
chromatography–tandem mass spectrometry and 
accurate m/z measurements of cyclic peptide 



Life Science Journal, 2011;8(2)                                 http://www.lifesciencesite.com 

 

http://www.sciencepub.net/life             lifesciencej@gmail.com  253 

cyanobacteria toxins. Trends Anal. Chem. 2005;24 
(7), 622-634. 

5. Cohen P. The structure and regulation of protein 
phosphatases. Annu Rev Biochem. 1989;58: 453-
508. 

6. Carmichael WW. Hemagglutination method for 
detection of freshwater cyanobacteria toxins. Appl. 
Environ. Microbiol. 1981;41 (6): 1383-1388. 

7. Harada KI, Suzuki M, Dhalem AM, Beasly VR, 
Carmichael WW, Rinehart KL. Improved method 
for purification of toxic peptides produced by 
cyanobacteria. Toxicon  1988; 26(5): 433-439. 

8. Fawell JK, Mitchell RE, Everett DJ, Hill RE. The 
toxicity of cyanobacterial toxins in the mouse: I 
microcystin-LR. Hum. Exp. Toxicol 1999;18(3): 
162-167. 

9. Chen J, Xie P. Tissue distributions and seasonal 
dynamics of the hepatotoxic microcystins-LR and 
-RR in two freshwater shrimps, Palaemon 
modestus and Macrobrachium nipponensis, from a 
large shallow, eutrophic lake of the subtropical 
China. Toxicon 2005;45(5): 615-625. 

10. Chen J, Xie P, Guo LG, Zheng L, Ni LY. Tissue 
distributions and seasonal dynamics of the 
hepatotoxic microcystins-LR and -RR in a 
freshwater snail (Bellamya aeruginosa) from a 
large shallow, eutrophic lake of the subtropical 
China. Environ Pollution 2005;134(3): 423-430. 

11. Mackintosh C, Beattie KA, Klumpp, S, et al. 
Cyanobacterial microcystin-LR is a potent and 
specific inhibitor of protein phosphatases 1 and 2A 
from both mammals and higher plants. FEBS 
Letters, 1990;264(2): 187-192. 

12. Carmichael WW, et al. The toxins of 
Cyanobacteria. Scientific American. 1994; 270(1): 
78-86. 

13. Yoshizawa S, Matsushima R, Watanabe MF, et 
al. Inhibition of protein phosphatase by 
microcystins and nodularin associated with 
hepatotoxicity. Journal of Cancer Research and 
Clinical Oncology. 1990; 116(6): 609-614. 

14. Fu WY, Chen JP, Wang XM, et al. Altered 
expression of p53, Bcl-2 and Bax induced by 
microcystin-LR in vivo and in vitro.Toxicon. 2005; 
46(2): 171-177. 

15. Botha N, Gehringer MM, Downing TG, et al. The 
role of microcystin-LR in the induction of 
apoptosis and oxidative stress in Caco-2 cells. 
Toxicon.2004; 43(1): 85-92. 

16. Zegura B, Volcic M, Lah TT, et al. Different 
sensitivities of human colon adeno- carcinoma 
(CaCo-2), astrocytoma (IPDDC-A2) and 
lymphoblastoid (NCNC) cell lines to microcystin-
LR induced reactive oxygen species and DNA 
damage. Toxicon. 2008;52(3): 518-525. 

17. Dong L, Zhang HZ, Duan LJ, et al. Genotoxicity 
of testicle cell of mice induced by microcystin-LR. 
Life Science Journal. 2008; 5(1): 43-45. 

18. Bouaicha N, Maatouk I. Microcystin-LR and 
nodularin induce intracellular glutathione alteration, 
reactive oxygen species production and lipid 
peroxidation in primary cultured rat hepatocytes. 
Toxicology Letters. 2004; 148(1-2): 53-63. 

19. Jos A, Pichardo S, Prieto AI, Repetto G, Va ´ 
zquez CM, Moreno I, Camean AM. Toxic 
cyanobacterial cells containingmicrocystins induce 
oxidative stress in exposed tilapia fish 
(Oreochromis sp.) under laboratory conditions. 
Aquatic Toxicology.  2005;72(3): 261-271. 

20. Prieto AI, Jos A, Pichardo S, Moreno I, Camean, 
AM. Differential oxidative stress responses to 
microcystins LR and RR in intraperitoneally 
exposed tilapia fish (Oreochromis sp.). Aquatic 
Toxicology. 2006; 77(3): 314-321. 

21. Weng D, Lu Y, Wei Y, Liu Y, Shen P. The role 
of ROS in Microcystin-LR-induce hepatocytes 
apoptosis and liver injury inmice. Toxicology. 
2007; 232(1-2):15-23. 

22. Gehringer MM, Shephard EG, Downing TG, et 
al. An investigation into the detoxification of 
microcystin-LR by the glutathione pathway in 
Balb/c mice. The International Journal of 
Biochemistry and Cell Biology. 2004;36(5): 931-
941. 

23. Li Y, Sheng J, Sha J, et al. The toxic effects of 
microcystin-LR on the reproductive system of 
male rats in vivo and in vitro.Reproductive 
Toxicology. 2008;26(3-4): 239-245. 

24. Ding, WX, Shen, HM, Zhu, HG, Ong, CN. 
Studies on oxidative damage induced by 
cyanobacteria extract in primary cultured rat 
hepatocytes. Enviromental Research Section 
A1998; 78(1): 12-18. 

25. Chong MWK, Gu KD, Lam PKS, Yang M, Fong 
WF. Study on the cytotoxicity of microcystin-LR 
on cultured cells. Chemosphere. 2000;41(1-2): 
143-147. 

26. Riss T, O’Brien M, Moravec R. Choosing the 
right cellbased assay for your research. Cell Notes. 
2003; 6(1): 6-12. 

27. Lobner D. Comparison of the LDH and MTT 
assays for quantifying cell death: validity for 
neuronal apoptosis. Journal of Neuroscience 
Methods. 2000;96(2):147-152 

28. Shuaib A, Sochock A, Ishaqza YR, et al. 
Protective effect of hypothermia during ischemia 
in neural cell cultures. Neurochem Res. 
1993;18(6):663-665. 

2/20/2011 


