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Abstract Recent studes have ndicated hat oxidative damage s involved in the toxicity ofm crocystins m ang
mals In the Present study the nduction of oxjdative stress hYM icrocystss ce]] extract jn the [jver ofm jce after

pro pnged exposure t0 ce]] extracts of M crodstis aerugnosa was mvestigated The extracts were adn injstered by

intraperjtoneal njection © Kumingmice ata dajly dose 0{3 3 p &mijcrocystins/ kg forpg days Toxin induced
danage of the |iverwas found by histologica] chservatpn Detem jnation of [iPid Peroxidation demonstrated a sg-
nificant jncrease nmapndiadehyde n the toxin treated mice compared to the contro] group The activities of an.

tioxidant enzines ( superoxide dignutase catalase and gutathione peroxidase) and the deoxification enzine

Slutathpne S transfrase m ke [ver of mcrocystin treated mjce were significantly ncreased canpared t0 the
contro] These results shoved thatProjonged exposure 0 M €rocystis ce]] extract Jed 0 oxjdative stress jnmouse

1ive,r and oxjdative stressm ghtPlay an inportant mle jn the Pahogenesis ofm jcrocystin induced toxicity
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Toxic ppans of cyanobacterig eecallyM crods
tis pose a health threat © hunans and aninals due to
their ahility t0 Produce hepatotoxin hePtapePtides called
microcystin'! Deaty of danestic and wild aninals asso
catd with microcystins has heen repored all over he
worllt 4 Tt has a] heen reported that development of
Primary [iver cancer jn humans can he attriputed t0 png
tern chronjc exposure © mcrocystnky

M crocystins are aken up no hepatocytes vamu |ty
specific bile acid transporters and can potent]y inhpit
Potin PhosoPhatase tPey and 2A  kading © the dis
mption of noma] ce]] metholign and functod* 8 It
has been reported that acute poson n€ hy m crocystins
results jn raPid disorg&anization of the hepatic architec

ture causng ntrahepatce hanorrhage and even deat
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inmanmal® ¥ Chonjc uptake of microcystins re
single.
neutioPhi] nfijtaton and

suled n generaljzed hepPatocyte degeneration
flbrosj,s
tumor pramotioh!'+ 16

cell nectosj,s

Recent studies ndiaed that microcystins could
duce oxilative stress h aninajs and ce[[§”* (xidative
stress jn Prinary cultures of rat hePatocytes treated with
cyanohacterja extracts resulted in lactate dehYdrogenase
leakage 1iPid Peroxidatiop and reactive oxygen spe
cies accumulatpr®  Substanta] aleraton n 1Pid
peroxidaton n rat |jver dJue tom gcrocystin adm mnistra
tonwas ao found by Guanan and Solter*d  Addition
al]y antLoxjdants such as Vittmn E and selenjum
were found 10 Provide same Protection agamnst |iPid Per

oxidation induced by m crocystink?* 28
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G lutathione S transferases ( GST's) are an inpor
tant Part of the celjular detoxification systay and can
Y2 the conjugation of eletroPhilic Xenohiotics 0 gt
thione ( GF1)'®  Pflusinacher et all®  found the
exjstence of a micocystin] R-GH conjugat that
formed enzymatically via soluble GST in varjous aquatic
omgan ims rangng fran p pnts ( Certobhy]lun daner
sim) 10 nvereprates ( Drejsssa popmorPha Dabhn a
magna) up 10 fish (Danjo retoy

Ihcreased 1iPd Peroxidation and decreased Jevels of
the antioxidant enziines glhitathone peroxdase ( GPX)
superoxide digmutase (OD), and catapse ( CAT) were
ophserved n the liver and kidney of rats after acute expa
sure 10 merocystn[R folpwihng ntraperjtonea | (1P)
injectioh® Furhemore Jayamj eta]" found sinilar
resuts 1 the liver of mye Neverhe]e$ most of hese
studies exan ned acute exposure t0m jCrocystils m man.
maljs 10 hBh doses ofmicrocystins The Possihle oxidative
damage caused bhY suhchmnic exposure © mgrocystns
has not heen we]| stud £

The Nawan Reservoir is Jocated m South of
Henan Province Chha [t is an inportant source for
agricu]tur,e ndustrial deve]opmem and drinkng wa.
ter Alga] simp eswere colfected fran the reservoir and
the Predan hant specjes identified were toxjc M icrocys
tis aemg hosn and non toxic Aphanjizaneaon  flos
aquae The Presence of t0xjc cyanohacteria jnwater s a
potental health rik for the loca] habitants

The aim of this studyY is to evajuate the Projonged
efects ofm jcrocystins on the anty oxidant defense ¥s
tm in the Jiver of mice To this eng
GPX S) and CAT activities  detoxifcation enzyme
GST activi‘gy and |iPid Perxidation leves were deter
mped In additiop the Pathology nduced by m o

cystins was jnvestigated

an t. oxjdant

1 Materjals and methods

1.1 Chemicals Diagrostic reagent kits for SO
CAT GPX malondiadehyde (MDA) and GST were
purchased fram Nanjpg Jiancherg Bioengneerng Mnstitl
te (China) Other chanijcals were optahned fran Signa
(StLoujs M) USA) and were analytica] grade

1.2 Culture of M aeruginosa and detem jna tion

ofm jcrocystins  Al&] sanpPles were colkced fran

the Narwan Resewvoir using agq pm mesgy Plank on
netM 1Croscop ¢ exam mnaton revealed that
M aeruginosa and A flos aquae were the daminating
alga These stramswere 0Jated accordng 10 the meth
ol of Watmnahé™ Mouse hpassay revealed that
M aeruginosa was toxic © mice Whike A f{psaquae
was non_toxic The strajp of M aerugmosa has heen
stored in FACHB ( Freshwater Algae Culture Collec
ton Insttute of [{Ydobiology Chinese Acadany of
Scences) and CCTCC No s FACHB1125.

M aemgposa were culured jn MA medium®  at
05 +1)C and enployed as a toxin source Microcystis
ce]l extacts fran the culureswere Prepared as previously
described®®  Briefy cell were incubated in hoiling wa
er fory5 mip and ten sanples were r(moved cooled
on ic,e and centrifuged at12 00X 8 prip mm The su
Pematant was co]lected and sored at—o)°C.

M icrocystin content i1 the extractswas detem mned
by HPLC according © themethad of Harada eta]l
by canparion with authentic standards The concen tra
tons of mcrocystin [R  and microcystin RR were
1. 510 & &mgand( o8 1t &mE dryweights of ce]] ex
tracts respectively MicrocystinnYR was helow the [in
is of detection by HPLC analysis Therepre  he ota]
concentration of vxn N the ce]] extracts was consid
ered © be 518 ¢ &m crocystnymg diy we Bhts
1.3 Animals Male Kuming ( KM) mice ( body
weght fran p0— 22 8) were pProvided by the ExPeri
menta] Anina] Center of Henan Povince China The
aninals were housed in 8moupPs (4— 5 m jce Per cage)
with wood shavings as bedd ng
wre 0f21—22°C and hunidity of55 +5v;  thoughout
a]] tests The anjnals were alloved free access 0 a
standard rodent Pellet diet and tap water under a 1o h
|Bht dark cycle

1 4 Toxin exposure

n a constant tanpera

Mice were randan Y divided
nto wo equal goups one of which recejved treament
(= ¢g) and another as a contro] (n = ¢ ) ToxiL
treated m ice were adm mnjstered an .i p injection ofM 1
crodstis ce]] extracts daily forpg days ata dose of3 3
p g mijcrocystins, k€ hady weght The dose was hased
on our Prevpus resuf® which was approxin ate [y one.
tenth of the intraperitcnea]l@o prM icrocystis ce]l ex
tracts nm ce The conto] goup was njected with he
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same volume of(y 9% saline sojution Al aninas re
cejved humane care The anjnals were euthanized by
ether nhalaton after o4 h at the end of toxjn expa
sure The [ivers ofmjce were quick[y removed and the
bload inmed ately washed outwith ice cold 9% sa
line solution ] vers were weghed and sections were
taken {or histologica] opservatpn The ranainders of the
livers were spred at—70°C.
1.5 LiPid Peroxidation The concentration of ho
bahiturc acyd reactive supstances ( TBARS), &
Pressed as MDA concentration ( rmojmég Proem),
was determned using the diagnostic reagent k it [ iver
hamogenates weremade in cold PhosPhate buffered sa_
line (PBS PH7 4).
1. 6 Enzyme assays
Pared atjopg (WY m4C PBS(PH7 4). The kmage
nateswere then centrifiged atja opQx 8 forp) min at
4°C t© rmmove nuclej and ce]lupr debris The resu]thg
supematants were oollected and stored at —79°C  unti]
antiox fant enzine actvily was detem ned

OD (U/mg proteiny (AT (U/mg proteiny,  GPX
(U/mg protein)  and GST (Uymg proen) in ke livers
ofmice were detem mned using fe dija8nostc reagent kit

Liver hanogenats were pre

Tota] pProtein content i the ]iver of mice was
measured usmng the d pgnostic reagent kit( Coan assje
protein assay dye)

1.7 Histopathopgy
10, neutmlbuffered omalin forpgh and hen de
hydrated and enbedded in Paraffin These sectonsg 5—
6 rm thick) were stajned with hamatoxy|in and eosp
(H E) prexamnatpn under a |ightm icroscope
SPSS11. 0 for W indows was used for
a]] satstical analysis Differences hetveen the treated and
conto] goups were evajuated by Students t test A eve]

[.ver sections were fixed n

1. 8§ Statistics

of R 05 Was used 10 indcate satstreal significance
72 Results

2.1 Body Wegh’t hePa tosam atjc indezi and |iver
protein

After the experinenta] perijod ofpg days no sg

nificant diffrence in fina] hody weightwas pund be

ween the treated and contro] groups of m jce Hepatos

anmatge ndexwas pcreased significant]y i Ok jn treated

m ce canpared t0 conto] The Proein content jn ]iver

was reduced sBnificanty n the toxin treated mice
campared t© controlmice (Tah 1),

Tah 1 Effects ofM icocystis ce]] extract adm in istration on hody
weigh; hePatosomatic ndex inm jce
. Liver protein
Badywegh( &  HSIY ) o
(mgpoen/ g |iver
Conto] 37.60+2 50 5 06+0. 78 15210 £5. 90
Trament 34 1542 9% 6.394+0 70" 116 70+10. 70"~

Data shown as mean-- standard deviaton A sterisk denotes a re
sponse that is sinificantly different flon e conwo] (* P< (g 05
“* R< 0. 01). HSI hepaosana tic lndex ( liverweighty bady weight % 100

2.2 LPid peroxjdation

LiPid Peroxidation kvels in the livers of toxj
treated m jce were sign jficant]y increased afterpg days
of exposure as canpared © the contio] group (Tah 2).
2.3 Enz¥me activities

The actjvities of antioxjdant enzines ( g)D
CAT and GPX) were increased signifcantly in the liver
of toxn exposed mic,e as campared to the contro]
group In additicx’l GST activity was also jncreased i
the liver of mijce after exposure © mijcrocystins Prog
days (Teh 2),

Tah 2 Effects of Microcystis ce]] extract adm in istration on iPid
peroxjdation antioxidant enzymatic activiy and GST

activity in the liver ofm jce

Lipd
OD CAT GPX GST
Peroxida tion
(Uymg (U/mg (Umg  (U/mg
( Mo MDA/ . . . .
potein) Potein) poteq)  Prote i)
mg prote i)
188+ 35924+ 276+ 4744+ 17 36+
Conto] 0. 34 243 0. 66 10. 05 1. 27
Trament 2 77+ 5L 47+ 527+ 6278+ 26 13+
038" 579" 198" 12.58" % 3.37""

Data shown asmean+t ST) Asterisk denotes a response that is Sig
nificantly different fom the conwol (¥ R<, 05 ** B<0. 0D
2. 4 Hstopatology
The livers of contro]m jce Presented w ity homaj

hisolo8Y ( Fig 1A) . Liver fram mcrocystn. treated
mice exhiited a d o8an gatpn of ce]] stucture and a
in additon

chran atin

loss of adherence heween hepatothe;%
hepatocyes
(Fi€1B). CytPhsn hecane dense and cyoPlasn ic
vacuolation appeared Inflanmaory cel] nfiltration was

aJso ohsewed in the porta] space ( Fig 1 C-D).

san e showed  condensed
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Fig1 Hebatic lespons n the [iver ofm jce exposed ntaperjoneally 10 M icroysts cel] extacts for28 days (H E 10X 40)

A Contro] |iverw ith noma] hepa tic stucturg B Livers fiom M jcrocystis ce |] extract treated mice show nga Joss of adherence heween hepato-

cytes and condensed chranatin ( arowsy (¢ D M icocystis ce]] extract damaged liverswith inflammato1y ce]] infiltation ( arows)

3 D scussions

In this sudYM aemg€nosa was cujtured and M jcra
cystjs ce]] extracts were used as a toxin source Severa|
studies al]so have used aRBa] extracts rather than pure tox
h* B #38  An advantag@e © hat the extract § more
chely 0 e rea] enviromenta] sjuatod®® A dsadvan
tage 18 that the extractmay contajn varjous hioactive suh
stances such as [jpPopolysacchargde

The toxic effects of mcrocystns on manmals have
been wel] studied both n vio and n vigh* € 4 A
we ]l stud ied mechanisn ofm jcrocystins s their mhbiton
of serine/ threonne  pPhoPhatases | and 2A
aninals However sane recent studies indicated that oxp
datjve danage was nvo|ved n he tOXcityY of m crocystns
in aninals? 2 21 2 3 To evaluate the Polonged effcts
of Microcystss cell extracts exposure on the antioxjdant
degnses mmouse ﬁvqr ths study exanned te levels of
MDA

Y These Parmeters are e most canmon(y used hianar

antpoxgant enzime activit'ﬁ,s and GSI' activi

kers of oxgation in anina' 2

n the Present study an jcrease n the evel of
MDA showved that exposure to M jcrocystis cel] extracts
led © liPid Peroxidation in he Jiver ofmice indicatng
thatM icrodystis ce]] extracts pduced oxidative stress in
themouse [iver The find ng was sinilar © the results
rt fjvek? 2 41 ang
prinary cujtured rat hepatocyeb®!

W ih respect v anti oxgdant enzymes 30D activi
ty was found mncreased n His stud}’ suggestng that a

rise m the Q genermtion rate mig€ht occur This result

ohewed in mouse |jver'? 24]’

was consptent with our Previous sudy n Joach (Mis.
gumusmiolepis ¥ In tikPia fish (Oreochramis sp )
exposed tom crocystns forp day,s an ncrease of he
patic SOD activity was aso reported*

The increase of OD actvity n the Jiver of mice
would resu]t m a hi8her eneration of H Q However
CAT and GPX are responsihle Pr jnactvation ofH Q
convertng it toI—L O andQ In e Present sudy te
activities of CAT and GPX i the liver of mice were
significant]y increased afterpg days of m jcrocystin ex

posure Siilar resuls were chserved in tilabia fish
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(Oreochrans sp 44
pig+

projonged exposure Morenp et a]l®!

and loach (M s8umus mijzole
In contrast 0 our resuh;s using a supchronic
opserved that
acut exposure tomjcrocystin ] R resujted jn a decrease
n these antp oxidantenzines n rat 1ivey

(GST's Particpate n the defense against oxidative
stress by detoxify ing€ eletropPhilic xenohiotics and, or re.
active nmtemedates fomed during their hiotransfoma
tih®  Conjugation ofm jcrocystins wih G via the
action of GSTwas pund in a previous study*® Tn the
present Study the actviy of GST was signifcantly n
creased i the [verof oxin treatedmice A higher GST
activity inPles a greater detoxfication capacity through
con jngaton of microcystns with GH*!

AsMDA is considered a vaJuah e ndcaor of oxi
dative damage of celuljar canponents  the Present re
sults uBested hatmicrocystin exposure enhanced re
actjve oxygen species generatpn jn he [jver of toxm
and celuhr anti oxdant defenses were
msufficient to mantan these hamfu]lmolecules he jov
leading © [iPid Peroxida
tion These results indicated that oxgdative stressmight

treated m ic;a

a toxn threshold leve, |

Play an inportant ml]e n the PathoZenesis of m crocys
tin induced oxicity
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