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Abstract: Microcystins (MCs) are a family of cyclic heptapetide endotoxins that are mainly produced by
cyanobacterial blooms in various eutrophic inland waters worldwide. More than 90 different structural analogues of
MCs have been identified, of which microcystin-LR (MC-LR) is the most common variant. The effects of MC-LR
on reactive oxygen species (ROS) were measured by flow cytometry in Chinese hamster ovary (CHO) cells and
human bronchial epithelial (HBE) cells. The results showed that 2.5, 5, 10μg/ml MC-LR significantly increased the
production of ROS in not only CHO) cells but also (HBE) cells, suggesting that ROS production involved in the
procession of reproductive toxicity and respiratory toxicity induced by MC-LR. So a series of intracellular oxidative
stress reactions induced by ROS lead to apoptosis need be further researched.
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of people engaged in recreational activities that would
generate aerosols on fresh water lakes during a
microcystin-producing algal bloom.
There was a significant and rapid increase of
reactive oxygen species (ROS) level and cells
apoptosis in the hepatocytes treated with MC-LR,
indicating ROS plays a critical role in MC-LRinduced apoptosis [11]. In this study, ROS were
measured by Flow cytometry in human bronchial
epithelial (HBE) cells and Chinese hamster ovary
(CHO) cells to study the toxicity and potential toxicity
mechanism of apoptosis induced by MC-LR.

1. Introduction
Cyanobacteria
are
natural
occurring
phytoplanktonic organisms in freshwater reservoirs.
Under favorable conditions they reach high cell
densities (blooms). Some cyanobacterial strains of
diverse species produce toxins such as microcystins
presenting a threat to animal/human health.
Microcystins (MCs) are a family of cyclic heptapetide
endotoxins that are mainly produced by cyanobacterial
blooms in various eutrophic inland waters worldwide.
More than 90 different structural analogues of MCs
have been identified, of which microcystin-LR (MCLR) is the most common endotoxic variant [1]. The
major toxic effect of MC-LR is hepatotoxicity, MCLR toxicity is primarily caused by inhibition of the
serine/threonine protein phosphatases (PP1 and
PP2A). Inhibition of the phosphatases induces
accumulation of phospho-protein in the hepatocytes,
consequently, intracellular signal transductions are
disrupted [2,3]. Several PP1 and PP2A inhibitors such
as okadaic acid, nodularin, and MC-LR are classified
as tumor promoters [4].
The potential reproductive toxicity and toxicity
on respiratory system have also been reported by
several studies. Spermatogonia are particularly
sensitive to the harmful substances in the
environment, resulting in the death of damaged sperm,
infertility [5]. There are evidences showed that MCLR can accumulate in aquatic animals in a large
number and pass on to the future generations, and
affect the normal propagation growth, and
reproductive of fish or mammals [6,7].
In 1989, there were people appeared the
pneumonia by reason of direct contacting with water
(such as swimming, boating) containing MCs in
Britain [8,9]. MC could be detected in blood samples

2. Material and Methods
Chemicals
The chemical MC-LR with purity ≥95% was
obtained from Beijing Express Technology Co.,Ltd.
RPMI-1640 medium and Trypsin were provided by
Beijing Solarbio Science & Technology Co.,Ltd. ROS
Assay Kit was obtained from Beyotime Institute of
biotechnology. Other reagents were of analytical
grade.
Cell culture
CHO cells were cultured in RPMI-1640 medium
containing 10% fetal calf serum. When 80% of
confluence was reached, cells were passaged. The
culture solution was aspirated, cells was collected,
washed with D-Hanks, added to 1ml 0.25% trypsinEDTA for digesting 1~2min. Then RPMI-1640
medium supplemented with serum was added to
suspend digestion. Cells were counted with Trypan
blue staining, and then the cell concentrations were
adjusted to 1×105cells/ml. The suspensions was
seeded in 6-well plates, retained 1ml each well, and
setted up three parallel samples each dose. The
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medium was further cultured at 37℃ in a humidified
incubator with 5% CO2.
Measurement of ROS
ROS generation was analyzed by using the
florescent probe 2-7-dichlorofluorescein diacetate
(DCFH-DA) which is deacetylated to DCFH in the
cells. ROS induces DCFH undergoes oxidation to the
fluorescent product dichlorofluorescein (DCF).
Briefly, after CHO cells and 16HBE cells exposed to 0,
2.5, 5, 10μg/ml MC-LR for 24h and 48h, cells were
incubated with 10μmol/L DCFH-DA for 30mins at 37
℃ in dark. The cells were harvested, washed with
PBS and then ROS generation was measured by the
fluorescence intensity on a FACS Calibur flow
cytometer and was observed with a fluorescence
microscope.
Statistical Analysis
At least three independent experiments were
conducted for all analyzes. All calculations and
statistical analyses were generated using SPSS for
windows version 21.0 (SPSS Inc., Chicago, IL, USA).
Values are expressed as means  standard deviation.
The one-way ANOVA and Tukey’s multiple
comparison tests were used to estimate statistical
significance, and P<0.05 was considered statistically
significant.
3. Results
3.1 The effect of MC-LR on ROS in CHO cells
ROS generation in CHO cells was assayed by
DCF fluorescence intensity. In table1, the
fluorescence intensity increased in 2.5, 5 and 10μg/ml
MC-LR groups compared with the control group
(P<0.05). After CHO cells was treated with MC-LR
for 24h, percent of positive cell increased from 0.1%
to 45.3%, and for 48h percent of DCF positive cell
increased from 0.2% to 65.8% (Figure 1). The results
indicated that when the exposure time is same, the
relative level of ROS increased with the increase of
MC-LR concentration; and when CHO cells were
exposed to the the same concentration of MC-LR, the
relative level of ROS increased with the increase of
the exposure time.

Figure 1. ROS generation in CHO cells treated with
MC-LR for 24h and for 48h.
Notes: Concentrations of MC-LR. A.0μg/ml(24h);
B.2.5μg/ml(24h); C.5μg/ml(24h); D.10μg/ml(24h);
E.0μg/ml(48h); F. 2.5μg/ml(48h); G. 5μg/ml(48h);
H. 10μg/ml (48h)

Table 1. The ROS levels in CHO cells exposed to MC-LR for 24h and 48h.
MC-LR (μg/ml)
Fluorescence Intensity (24h)
Fluorescence Intensity（48h）
0
3986.67±149.22
4120.00士449.37
2.5
109095±9011.95*#
95761.67士2620.78*
5
181751.33±903.36*#
164396.33士4997.61*
10
354728.67±478.64*#
290262.67士2994.56*
* denotes a significantly different from the control group(0μg/ml)(*P<0.05) at the same time. # indicates a
significantly different from the control group (24h) (*P < 0.05) at the same concentration.
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3.2 The effect of MC-LR on ROS in HBE cells
As shown in Table 2, after HBE cells exposed to
MC-LR for 24h and 48h, the fluorescence intensity
increased compared with the control group (P<0.05).
After HBE cells was exposed MC-LR for 24h,
percent of DCF positive cell increased from 0.0% to
63.2% (Figure 2). When the expoure time extended
to 48h percent of positive cell increased from 1.0%
to 79.4%. The results suggested when the treatment
time was constant, the relative level of ROS in cells
of each group increased with the increase of MC-LR
concentration, comparing with the control group.
When the MC-LR concentration was 5μg/ml or
10μg/ml, the fluorescence intensity values were
increased with the increase of treatment time.

Table 2. The ROS levels in HBE cells exposed to
MC-LR for 24h and 48h.
MC-LR
(μg/ml)
0
2.5
5
10

Fluorescence
Intensity (24h)
975.34±152.84
1735.00±259.02*
4543.50±491.69*
10819.00±847.90*

Fluorescence Intensity
(48h)
1233.90±212.28
3095.80±257.47*#
6865.1±756.16*#
15336.00±461.29*#

* denotes a significantly different from the control
group (0μg/ml)(*P<0.05) at the same time. #
indicates a significantly different from the control
group (24h) (*P < 0.05) at the same concentration.
4. Discussions
Extensive evidences have testified that
mitochondria play a central role in the apoptotic death
of many types of cells [12,13], and mitochondria are
the major source of intracellular ROS production and
also the primary target of ROS [14]. According to the
oxidative stress hypothesis, ROS lead to a surge of
detrimental
biochemical
reactions,
including
oxidation, peroxidation of membrane lipids, and
apoptosis of cells [15]. Previous studies have
demonstrated oxidative stress, where there is an
imbalance between ROS and the cell’s antioxidant
capacity, is one of the classical mechanisms of
apoptosis [16,17]. MC-LR could induced oxidative
stress generation resulting from induction of ROS
generation in Sertoli cells, and subsequently depressed
cellular viability, increased expression of Caspase-3,
and caused cells to undergo apoptosis, resulting in the
reproductive toxicity in male rats[18].
At an early stage of apoptosis, oxidative stress
can trigger the opening of the membrane permeability
transition pores (MPTPs) [19,20]. As MPTPs becomes
open, the permeability of the mitochondrial membrane
would be increased, resulting in a decrease in MMP or
even mitochondrial collapse and thus initiate cellular
apoptosis [21]. The present study showed that the
ROS generation increased with the increase of MCLR concentration, and at the same exposure
concentration, ROS increased with the increase of
exposure time, namely there was a concentration- and
time- dependent effect.
In conclusion, large amounts of ROS can be
induced by MC-LR in CHO cells and 16HBE cells.
ROS production could cause a series of intracellular
oxidative stress reactions, leading to apoptosis, which
may be the toxicity mechanisms of MC-LR in CHO
cells and 16HBE cells, but the exact mechanism need
be further research to confirm.

Figure 2. Flow cytometry analysis of ROS generation
in HBE cells treated with various concentrations of
MC-LR for 24h or 48h.
Notes: Concentrations of MC-LR. A.0μg/ml(24h);
B.2.5μg/ml(24h); C.5μg/ml(24h); D.10μg/ml(24h)
E.0μg/ml(48h); F. 2.5μg/ml(48h); G. 5μg/ml(48h);
H. 10μg/ml (48h)
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