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TOXIC EFFECTS OF CYANOBACTERIA BLOOM EXTRACT
CONTAINING MICROCYSTINS ON ANTIOXIDANT ENZYMES IN MICE

BAO Xiae- Fengl, LU Yan, ZHU Tong Yang and SHEN Ping Ping

(State Key Laboratay o Pharmaceuticd Biotechnology, Department f Biochemisiry, Nanjing University, Naring 210093, China)

Abstract: Cyanobacteria blooms that appear in eutrwophic freshwaters around the world are contaminating water serbusly. The toxic
compound microcystins (MCs), afamily of monocyclic hepia-peptide, generated by cyanobacteria blooms have been reported to
have harmful effects on human being and domesic animals. In this paper, we collected cyanobacteria blooms from Taihu Lake,
China and employed three sublethal dosages of cyanobacteria bloom extract (CBE) (16, 32 and 64 mg lyophilized algae cells/ kg
body weight, with contents of 4 97, 9. 94 and 19. 88 Hg MCs equivalents/ kg body weight) to assay its effects on the antioxidant
enzymes in mice s liver. The mice received CBE treatment every day via i. p. injection for 14 days and were sacrificed on day 3,
5,7, 9, 11, 13 and 15. Three main antioxidant enzymes: superoxide dismutase (SOD), catalase ( CAT) and glutathione S-
transferase ( GI'S) were examined. Inhibition effects of CBE on SOD and CAT activities were presented. Obvious changes of GST
activity were also observed. To fuither detemine the degree of peroxidation induced by CBE, the level of lipid peroxidation was
analyzed by testing malondialdehyde (MDA) conceriration. A significant dose- dependent increase of MDA level was found after 14
days of CBE exposure. Our results showed that CBE possessed the deleterious effects on antiox idant enzymes and caused the i~

crease of lipid perxidation level in mice’ s liver.
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During the past years, with a rapid economic devel

growing

quent protein phosphorylation imbalance causes disruption

opment and urbanization along Taihu Lake, of the liver cytoskeleton, whidh leads to the loss of cell

anounts of domestic, industrial and agricultural waste are
discharged into the lake. These pollutions lead to ew
trophic in some parts of the water system of the lake' ",
and heavy cyamobacteria blooms often occur in those re-
gions'> ¥ Our previous work has indicated the presence
of MGs,

cyanobacteria bloom collected from Taihu Lake and

a family of monocyclic hepta peptide, in

showed that the main toxic component of cyanobaderia
bloom extract (CBE) is MG-IR' .

It is well known that the main target of MGs is liver,
where they are taken up into the hepatocytes via multispe-

cific bile acid transport systems!™

, and the toxicity of
MCs is initiated by inhibition of the activity of serine/

threonine protein phosphatase 1 and 2A"7*1 The conse
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morphology and the increase of progressive liver fibrosis in

' In acute toxicosis with

human being and anima
high doses of MCs, the massive hepatic haemorrhage is
presented in livers. In 1996, the most severe health case
that MCs caused the death of 60 of the patients at a
hemodialysis clinic was happened in Caruaru, Brazil, in
which massive hepatomegaly was the most striking finding
in these patients'™” . In Chronic toxicity with long time
and lower level of MCs, tumorigenesis can be led. It was
reported that the incidence of primary liver cancer in cer
tain areas of China was related to the presence of MCs in

U121 Recently, studies have been car

drinking water
ried out to elucidate the peroxidant damage mechanism re-

lated to MCs hepatotoxicity. Ding, et dl. [ suggested
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that free radicals induced by MCs were responsible for the
hepatotoxicity. Li, et dl. " found that the toxicity of
raw MCs purified from Microcysis caused the increase of
reactive oxygen species (ROS) contents and the depletion
of GSH in hepatocytes. In this study, to clarify the effect
of MCs on antioxidant system in liver, the effects of CBE
on three antioxidant enzymes, SOD, CAT and GST were
first assayed. These enzymes play a primary role in the

7 and the changes of

maintenance of redox balance
their activities imaged the oxidative stress that the liver
underwent. To further determine the degree of peroxida
tion induced by CBE, the level of MDA in mice’ s liver,

as an index of lipid peroxidation, was also analyzed.
1 Material and Methods

1.1 (hemicals Standard MG-LR was obtained from
Alexis Inc. ( Carlsbad, CA). Nitro blue tetrazolium
(NBT), H202, glutathione (GSH), Fchlore-2, 4 dini-
trobenzene (CDNB) and thiobarbituric acid (TBA) were
purchased from Sigma Chemical Inc. (St. Louis, MO).
All other reagents were purchased from Promega Inc.
(Madison, WI).

1.2 Preparation of samples The surface cyanobacte-
ria blooms were collected from Meiliang Bay, the hyper
trophic area in the northern part of Tathu Lake. Microscop-
ic examination revealed that the Microcystis aeruginosa was
the dominating genus (more than 80 %) . According to the
method we used previowsly!”, dried algae that had been
processed by ultrasonic were extracted three times with
aqueous acetic acid. The supernatant was pooled together
and applied directly to ODS-C18 cartridges, and then CBE
was obtained. HPLC with DAD ddedor showed that the
main component of CBE was MG- LR .

1.3 Animals and CBE treatment Virus-free BALB/
¢ mice, 6weeks of age, were purchased from the Animal
Center of Nanjing General Hospital of Chinese People’ s
Liberation Army. On amrival, randomized mice were
transferred to plastic cages containing saw dust bedding
which was changed every 3 days, 5 mice per cage and a-
lowed to acclimatized for 1 week. Mice were given food

and water ad libitum and used for experimentation when
their body weight was between 16 and 20 g. Animal hold-

ing rooms were kept at 21 —24 C and 40% —60 % rela
tive humidity with a regime of 12 h light/ dark cycle.

Mice were randomly separated into four groups. A
first group of 3 mice (TO group) were immediately killed.
Other 63 mice in three CBE treatment groups were admin-
istered at three independent doses respectively ( 16, 32
and 64 mg lyophilized algae cells/ kg body weight, with
contents of 4.97, 9.94 and 19. 88 Hg MCs equivalents/
kg body weight). The doses were based mainly on the
ILDsy of CBE (230 mg dry algae cells/ kg body weight,
with 71.30 Hg MCs equivalents/ kg body weight )™
These mice received CBE treatment every day for 14 days
via 1. p. injection. 3 mice of each group were sacrificed
on day 3, 5, 7, 9, 11, 13 and 15, 24 hours after the
last treatment of CBE. Livers of mice were excised and
weighted. 0.2 g individual liver was homogenized in 10
ml. physiological saline and centrifuged at 5000 1/ min,
4°C for 10 min. The supernatant was kept on ice for later
test of antioxidant enzymes.

1.4 Antioxidant enzymes activity determination
1.4.1 Superoxide dismutase assay The SOD activity
was measured by the method described by Oberley and
SpitZ . A 50 Hg sample of each extract was assayed.
One unit of enzyme was defined as the quantity of SOD re-
quired to produce 0% inhibition of NBT oxidated. The
change of absorbance in nirol group at 550 nm was used
to obtain the rate of change in absorbance inhibited by the
sample. This rate was used to measure the adivity of SOD
and the activity was expressed as units per gram liver saw
ple.
1.4.2
by measuring the catalyzed decomposition of Hy04*. To
determine the activity of CAI', 2.9 ml phosphate buffer
(50 mmol/ L., pH 7. 0) and 100 BL, H202( final concentra-
tion about 35 mmol/ L) were added to the quartz cuvelte.

Catalase assay 'The CAT' activity was determined

The initial absorbance was measured at 240 nm. Afier a 50
HL sample was added to the mixture, the change was de-
teded in 60 seconds. Activity was expressed as Hmol H)O»
decomposed/ sec per gram liver sanple.

1. 4.3 Glutathione-S-transferase assay The GST' ae-
tivity was assayed by the modified method acwrding to
Habig, et al'”!. The reaction mixture comsisted of 0. 8
mL 0. 1 mol/L potassium phosphate buffer (pH 6. 5) cor
taining 1 mmol/ . EDTA, 50 ML 20 mmol/ L. GSH, and
50 HL 20 mmol/ L. CDNB. The change of absorbance at
340 nm was recorded as a baseline. After a 100 PL san
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ple was added to the mixture, the reaction was initiated
and the change of absorbance was detected in 2 min. Re-
sults were expressed as Hmol GSH oxidized/ min per gram
liver sample.

1.4.4 Lipid peroxidation assay MDA was deter-
mined by the double heating method of Draper and
Hadley'™!. 1 mL freshly prepared 0.67 % (w/v) TBA
solution was added to 1 ml of each sample, and then the
mixtures were inaibated in boiling water for 10 min. After
cooling, the absorbance was measured at 532 nm. MDA
concentration was calculated by the absorbance coefficient
of MDA-TBA complex and expressed in Pmol MDA per
gram liver sample.

1.5 Statistical analysis

activities were expressed as the mean = standard error

Data for antioxidant enzymes

(SE). Statistical analysis was performed by students’
ttest. p < 0.050rp < 0.01 was corsidered statisti-
cally significant and indicated by or ~, respectively.

2 Results

The effeds of CBE on SOD activity were presented in
Fig. 1. Different doses of treatment, 16, 32 and 64 mg/ kg
body weight respectively, made differences. With low dose
treament, SOD activity decreased significantly on day 2,
reached the bottom level on day 6 and then gradually re-
turned to about its TO level on day 10. Compared with the
TO group, SOD activity at the bottom level decreased
27.72% . Moderde dose treatment showed a transient ir-
crease (7. 67 %) of SOD activity on day 2 and then the
erzyme activity attenuated. The maximum reduction was
25.21 % compared with the TO group, which was ohtained
on day 8. After day 8, SOD activity reverted with time and
the redud ion ratio was 11.71 % on day 14. In high dose
group, a 14.62 % enhancement in SOD activity was ob-
served on day 2. From day 2, SOD activity decreased re-
markably and reached the lowest level on the day 14,
which was only 69.04 % of the TO group. No obvious ae-
tivity recovery was found with this high dose treament.

The effects of CBE on CAT activity in different dose
groups were displayed in Fig. 2. With low dose treatment,
CAT activity decreased significantly from day 2, reached
the bottom level on day 6 and then gradually returned to
its TO level on day 10, which was similar to the SOD.
CAT activity at the bottom level decreased 43.69 % . In

moderate and high dose groups, CAT activity was de
creased with time and no observable recovery trend was
found. The minimum enzymatic activity was, respective-

ly, 71.68 % and 65.9% % of the TO level.
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Fig 1 Effects of 14 days of i. p. injection three doses of CBE ( 16, 32
and 64 mg lyophilzed algae cells/ kg body weight) on SOD activity in
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Fig 2 Effects of 14 days of i. p. injection three doses of CBE (16, 32
and 64 mg lyophilzed algae cells/ kg body weight) on CAT activity in

mice s liver

Based on the data from Fig. 3, in low dose group
evident variation of GSI' activity was also observed
throughout the 14 days except the day 10. Moderate dose
treatment showed no variation of GSI' activity in the first
10 days and then a significant increase until day 14. Sim-
ilar to moderate dose treatment, no obvious change was
found during the first 8 days in high dose group, and then
a remarkable increase was noted on day 10. But a kinetic
falling was found from day 12 and a significant deaease

was shown on day 14.
MDA levels were shown in Fig. 4. The TO value
was 0. 36 £0.08 Mmol MDA/ g liver. In different dose

groups, MAD concentrations were increased to 0. 97 £
0. 34, 2.5310.52 and 2. 98 0. 83 Hmol/ g liver respee-
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tively after 14 days of CBE treatment; which was 2.7,
7.0 and 8. 3 fold increase respectively compared with TO
group.
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Fig 3 Fffedsof 14 days of i p. injection three doses of CBE (16,
32 64 mg lophilized algae cells/ kg body weight) on GSI' activity in
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Fig. 4 Effects of three doses of CBE via i. p. injection on MDA con-
tent on day 14 in micé s lver. The diferences between the TO group
and treated groups were determined by students’ #test. p< 0.01 was

considered statistically significant and indicaed by * *

3 Discussion

Cyanobacteria extract containing MCs was able to er
hance intracellular production of ROS in primary culture

3. providing experimental evidence that

rat hepatocytes' '
oxidative damage was involved in cyanobacteria extract i
duced hepatotoxicity. However, exad mechanism leading
to oxidant damage in liver by MCs has not been clarified
thoroughly yet. In this study, we set up a batch of enzy-
mological assays to assess the subacute effects of intraper-
toneal administration of CBE on the activities of antioxt
dant enzymes in mice’ s liver including SOD, CAT and
GSI. The concentrations of MDA were also detected to

reflect the level of lipid peroxidation. Our work was the

first report that clarified the noxious effects of CBE on the
antioxidant system of mammal.

Adivities of both SOD and CAT in mice’ s liver were
found to be down regulated afier CBE exposure (Fig. 1,
2). SOD, a potential antioxidant enzyme, mediated ern
zyme catalyzed decomposition of superoxide anion, and
converted it to peroxide that could in turn be destroyed by
CAT reactions' ™! . The reduction of activities of SOD and
CAT would lead to their degressive abilities of detoxifying
H»05. H202 wuld rapidly diffuse across biological men+
branes, thus gave rise to more read ive radicals inside the
celll | which indicated that the negative effects of CBE
on both enzymes might result in cellular and tissue dan+
age by causing peroxidation in vivo. Similar to our find-
ing, Pinho, et al.'® reported that CAT activity in the
estuarine crab Chasnagnathus granulatus decreased over
the 7 days of exposure of MG-LR. Their work exhibited
that MG-1IR wuld affect invertebrate antioxidant defense
system. Fig. 1, 2 revealed that the enzymatic ad ivities in
the low dose groups reverted and were quite similar to the
TO group after the day 10, suggesting that the repair sys
tem in mice had probably been started and counteracted
the effect induced by CBE shock. However, the SOD ae-
tivity in high dose group got a transitory increase on day 2
and then significantly decreased, implying that high dose
treatment could activate the emergency response in the
first fev days, but then some irreversible damage was
likely done to the animals.

After CBE exposure, the obvious kinetic changes of
GST' activity were observed (Fig. 3). GST emzymes are a
class of phase II metabolic enzymes presenting in virtually
all organs and tissues, which protect against the reactive
toxicants. They scavenge these toxicants through catalyz
ing the conjugation with reduced GSH'* *'. Pflugmach-
er, @ al.'® have shown the existence of a MG-LR-GSH
conjugate formed through GSI' catalysis in various aquatic
organisms. Pietsch, o al.'® also observed the higher
GST' adivity after MG-LR exposure. The enhancement of
GSI' activities during the 14 days exposure of CBE was
found after moderate and high doses treatment, assuming
that the increased GSI' activity might be either due to a
high rate of MCs conjugation with GSH and / or detoxifica
tion of endogenous molecules like peroxides. However,
the GST adivity fell from the day 12 at high dose treat
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ment, indicating that excessive treatment of CBE broke
the production mechanism of GST'.

MDA level was up regulaed significantly and in
dose-dependent manner after 14 days of CBE exposure
(Fig. 4), which meant an underlying increase of the
lipid peroxidation. Lipid peroxidation was one of the main
manifestations of oxidative damage, and the increased
lipid peroxidation found in our experiment indicated that
the deleterious effects of CBE on antioxidant enzymes led
to the oxidative siress in mic€ s liver. Consistent with our
findings, Ding, e al. '™ observed that cyancbaderia ex
tract containing MCs caused oxidative stress and increased
lipid peroxidation in primary rat hepatocytes.

Water quality of Taihu Lake has become increasingly
worse with the development, with increases the risk of
toxicity to human being and animal health. The average
contents of MCs in cyanobacteria blooms in this area are
very high, and in some sites, some imes about ten times
of the guideline made by WHO (1. 0 Mg/ L) ''¥ | Because
MCs are very stable undergoing proteolytic or hydrolytic
attack!® | they can accumulate in the food chain and have
a longterm impact to the aquatic ecosystem and public
health. Mu, et al.'® have reported that hepatopathy oe-
curred in T athu Lake and nearby areas was associated with
the polluted drinking water containing cyanobaderia
blooms, and MCs were resporsible for the deleterious ef

9, 31
fects of the blooms'” *!!

In present experiments, CBE
has been proved to cause obvious disruption of the antioxi-
dant defense system in mice’ s liver. The resulis suggested
that consumption of water heavily contaminated by
cyanobacteria blooms might be of oxidative stress in the
liver concem. Our work evaluated that the cyanobaderia
contamination in Taihu Lake was a big health hazard to
human being and gave an indication for in vivo study of

toxicity of MCs, which was related to the hepatopathy

caused by cyanobacteria contamination.
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