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TOXIC EFFECTS OFM I CROCYSTI S CELL EXTRACTS CONTAINING
M ICROCYSTIN-LR ON THE BLOOD OF M ICE

LIXia0-Yu LIANG Junr-Bo and HUANG Pe+Pei

(College of Life Scince H enan N omal Unwersity, Xincang 453007 P.R. China)

Abstract In the present study tox  effects ofM icrocystis cell extracts containing micwocystirLR on the treated-m ice b bod
were mvestigated. M ice i three experim ental groups receved m crocysti-LLR by ntraperitoneal i jectin of the cell extracts
for 14 days at three sublethal doses of 2 4 4 8 and 9. 6 H g m irocystir-LR /kg body w eisht E flects of m icrocysti-LR on
hem atobgical param eters and serum bblogical levels of the treated m e were evaliated after wo weeks of adm in istra-
ton. M ouse ham atopoietic tssues the bone marow and the spleen were also collected for hstopathobgical exam ina-
ton. Ran atkable differences i liver and spleen body weight ratbs bewveen the treament and the control were
d scovered Furthemore activities of alanne transan nase aspartate transan nase akaline phosphatasg and hctate dehy-
dwogenase n 9. 6 Hg /kg group m atkedly increased while the levels ofsemm otal potein abumin and album n/globulin ra-
to sinificantly decreased compared © the conto] ind cating thatm icrocystir-LR caused dam ages to the liver of the treated
m ice In add tion severe hypogly cemia was obsewved n all treated m g w hich was pobably due b acute failure of hepatic
gliconeogenesis as well as aliered glicose m obilization andm etabolisn. In cam parison to the control group a rem atkab ke de-
crease m white blood cell count n 9. 6M g/kg group was observed by hem atological test H stopathobgical obsevations re-
veakd that obvious mpaiment in the spleen was found n 9. 6H g/kg group besiles severe pathobgical lesbns n the li-
er Results presented i this paper clearly revealed thatM icrocystis cell extracts containing m crocy stirLLR had severe toxic

effects on the blood ofm ice
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The occurrence of toxic cyanobacterial bbams has mu lt+specific bile acid transporters where they can pe-

been reported nmany regons of the world and it pres-
ents a serious public health prob len'"? . Particu larly,

public health concemns assochted with cyanobacteria
arise fum their ability to produce a variety of toxins
that can be classified into three groups dematotox ing

neurotoxing and hepatotoxns according to the toxic
effects on animals’ .M icocystns are a family of po-
tent hepatotoxins produced by species of freslwater cy-
anobacteria  prin arily M icrocystis aerug nosa ",

which is canmonly nvokled n freshwater bloans

worldsw ide.

M icocystins are concentrated mnio hepatocytes via
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tenty nhbit serine/threonne protein phosphatase 1
and 24" . The consequent proten phosphorylation
mbalance disrupts the liver cytoskeleton which causes
massive hepatic haem orthages hat is the cause of ant
mal death . There have beenm any reports attributing
the death of aninald®*"” and human illness ' '

m icocysti-exposure. It also has been reported thatm+
crocystins are potent tumor pranoters n hboratory an+
mall "' . h humans epidean plogical sudies have
related he presence of microcystins n drink ng water

to the high ncidence of liver cancer in sane areas of
. 17, 18
China "',
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M icocystins are primarily hepatotox i but dan age
to other organs such as kiney lung and intesting has
also been reported[w] .However little infom aton has
been available in the present lectures about the effects
of micwcystns on blood and bbod-fom g tissues In
he present sudy we amed to evaluate the toxic re-
sponses of he blood and blood-Hbm ng tissues to m+
crocystil R in Kunm ing m ice follow ng 14 days of -
traperitoneal exposure toM icrocysiis cell extracts con-

taining m icocystn-LR.
1 Materials and methods

1.1 Cheanmicals
purchased fran Zhuhai Baso D agnostic Inc. ( Chna).

D iagnostic reagent kits for serum bbchen ral assay

Diluent for hematological test was

were obtaned canmercally fran ShanghaiK ehua Bie-
engineerng Co. Lid ( China) .Other chenicals were
purchased fran Signa ( St. Louis MO, USA) .
1.2 Batch culture ofM icrocystis aerugnosa Sam—
ples of algae were collected fran the Nanw an Reservoir
using a 64Hm mesh p hnkion net.M icrocy stis aeruginosa
was isolated purified and then dentified according to
the method of W atanabe ( 1996)[201 .Culures were
mantaned and grovn n MA mediun'”" at (25%1)C.
1.3 Preparatbn of M icrocystis cell extracts and
high perfoomance liquid chranaftograph analysis
Batch culures were hawested by centrifugation and
stored at— 20C M iaocystis cell extracts fran the cut
turesw ere prepared as prevusly descrbed ™. Briefly
cellswere incubated n boilng water for 15 mn, and
then sanples were removed cooled on ice and centr+
fuged at 12 000 rpm for 10 m in. Supematants ( repre-
senting theM icrocysiis cell extracts) were pooled togeth-
er and stored at— 20C.

The cell extracts was analyzed by heh perfom—
ance liquid chranatography (HPLC) to detem ne the

quantity and camposition of toxins accordng to the
[23]

method ofH arada et al (1988) " .

1.4 Animals H ealhy Kum ing mice both sexes
were purchased fum the Expermental Anmal Center
of H enan Provincg China. The anmals were hand led
follow ng the gudelnes in the Chna Lav for Anmal
Health Protecton and Instmctions for G ranting Pem it

for Animal Experimentation for Scientific Purposes

( ethics approval No. SCXK ( YU ) 2005-0001) .The
mice were housed n plastic cages contanng sawdust
bedding and were provided with pellet food and water
ad libium . Their roan was mamntaned at 22— 24C
with a relatve hun dity of 5000 —60% and kept on a
12h lght/dark cycle

1.5 LDs determ ination of the cell extracts The
ntraperitoneal ( i p. ) LDsy ofM icrocystis cell extracts
n mouse was detem ned accordng to the up-down
method of Fawell et al (1999)"*" .

1. 6 Experin ental design A fier one week of accl+
matization m ice were divided into three experimental
groups and one control group wih 10 mice n each
group at randan. Them ice n experm ental groupsw ere
adn nstered with M wrocystis cell extracts by
i p. injection at doses equivalent to 2. 4 4. 8 or 9. 6Hg
m icocystins/kg body weght daily for 14 days. The de-
ses were chosen based on the i p. LDsy of M icrocy stis
cell extracts n micg approxinately 1/2Q 1/10 and
1/5 of the LDsy, respectively.M ice n the control group
were njected with he same volme of sterilized 0. Yo

salne solution mstead of the cell extracts. A fier 24h of
the exposurg the aninals were euthanized by eher i+
halation and body weights were measured. The bbod
was collected fran ophthal ic vens.A gn all portion of
the blood sample was taken for hematobgical test the
remainder was used for serun bbplogical assay. A fier
the blood collection, m ice w ere sacrificed and their I
et kidney, spleen and thighbone were mmediately re
moved. The weght of liver kidney and spleen was re
corded and the oman weight ratio was caleulat
ed. Portbns of the tissue were fxed for histopatholog+
cal exam inaton.

1.7 Hematbgical test 20ML of whole blood was
removed fran the blood sanple and added nito S50HL
diluent Then the diluted samplew as tested mm ediate-
ly. The hematological paran eters inchiding white b bod
cell count (WBC), red bbod cell count (RBC), he
mogbbin (HGB), haematocrit (HCT), mean corpus-
cular henogbbn concentration (M CHC), red bbod
cell volun e distrbutbn width (RDW ), plateket count
(PLT), plateletocrit ( PCT ), mean platelet volme
(MPV) and platekt distrbuton wdth (PDW ) were
determ ined by an autamatic

hematology analyzer



813

(MEK-6108K, N hon Kohden Japan) .

1.8 Serumn biochemical assay The serun was ob-
tained by centrifigatbn of the bbod sample at 3000 rpm
for 15 m in. The levels of total proten (TP), albunin
(ALB), gbbuln (GLO), abun n/gbbuln ratio (A/
G), total biliubn (TBIL), alanne
(ALT), aspartate transan inase (ASI'), akalne phos
phatase (ALP), lactate dehydwgenase (LDH ), glucose
(GLU), cholesterol (CHO), tracyglycewl (TG ), blood

urea nitrogen (BUN), creatnmne ( CR) and uric acid

transam nase

(UA) n serun were analyzed by an autan atic biodhen-
ical analyzer (AU 64Q O lympus Japan) .

1.9 H istopathological exam mnation A snall piece
of liver k ilney and spleenwas fxed n Bouins solitbn
for 24h, and then dehydrated, enbedded nto paraffin,
sectbned at SHm thick. The sections w ere stained with
hematoxyln and eosin (H&E) and exam ned by lght
m iCroscopy-

To evalate the effects of microcystins on bone
marwow, mouse thighbones were also removed and fixed
n Boun’ s soliton. A fier proper fxaton sanp les were
decalcified m 10% nitric acd and then dehydrated
enbedded and sectioned with the sane method as de-
scrbed above.

1. 10 Statistical analysis Results were expressed as

mean tstandard deviation. Statistical analysis was perf

omed using SPSS 11.5 forW indows by onew ay ANO-
VA followed by Dunnett ttest or Tanhane test when
appopriate. D ifferences were consdered to be statist+
cally signifrant atp< 0.05.

2 Results

2.1 M icrocystin concentration and LDs, ofM icro-
cystis cell extracts
HPLC analysis showed that the m ain com ponent
of M icrocystis cell extracts was microcysti—LR, and
other knds of m icrocystins were below the limits of
detection by HPLC analysis. Thereforg the total con-
centraton of the toxin was 110. 4 Hg m icrocysti-IR /
mL.The i p.LDsy of the cell extracts in Kunm ng
micew as detem ned to be 48 Hg microcystin-1R /kg
body w eight.
2.2 Growth inhibition
Abnomal grow h and behavior of mice n the
9. 6H g /kg group were caused by 14 days of tox n-expo-
sure. These m ice becane anorexn weak and hn dur
ing the period of experment. A s showed n Tab. 1, body
weight gan of he treated mice in 9. 6l g/kg group was
about 2%
of adm nistration (p < 0.01) .However no sknificant

lower than the control group afier 14 days

differences were found n 2.4 and 4.8 Hg/kg groups
when cam pared to the control goup.

Tab. 1 Effects ofM icrocystis cell extracts on the body weightgain of the tox in-trea ted m ice

Control 2.4 4.8 9.6
Before adm inistration
Feamale ( g) 22.88%+1. 25 22. 78 £1. 29 22. 87%0. 81 22.981+0.74
Male ( g 23.29%+1. 4 24. 3 £1. 07 23.44%1. 2 22.90+1.57
14 days after adn mistration
Fanale ( g 28.28%1. 67 28. 25 0. 90 26.29%1. 9 21. 88+ 1.85™
Male ( g 32.48%3. 74 32.41 1. 12 31.21%2 37 24. 04%1.76™

Note The treated m icew ere exposed to toxin by daily i p. injection ofM icrocystis cell extracts at three sublethal doses 0f2.4, 4. 8 or @ 6l gm krocys

tirLR /kg body weigh for 14 days D ata are expressed asmean £ standard deviation; Astersk denotes sinificant difference fran the con trol group (* *

p< 0.01); The sane as bllws

2.3 Effects of microcystins on organ weight ratio

After 14 days of adn inistratbn the liver body
wekht ratp ofmice n 9. 6lg/kg group maikedly -
creased (p < 0.05) canpared to the control In con-
trast the spleen body weght ratios significantly de-
creased n 4.8 and 9. 6Hg /kg groups (p< 0.05 and

p< 0.01 respectwvely) alhough therewas only a slight
ncrease n 2. 4Hg /kg group (p > 0. 05) . Add itionally

no differencewas found n the kidney body weht rat
os between the treated goups and the control group
(Tab. 2).
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Tab. 2 E ffects ofM icrocystis cell extracts on the organ w eight ratios of the toxin-treated m ice

Dose( M g/kg bw)

Organ weight ratios

Liver K idney Spleen
Contmol 5.35%0. 51 1.55 *0. 18 0. 76£0. 16
2.4 5.53%0. 55 1.53 *0. 18 0.85%0.2
4.8 5.20%0. 47 1. 54 £0. 19 0. 56 0. 13"
9.6 6.02%0. 53 1.63 *0. 18 0.50%0. 15"

2.4 Changes of hanatological param eters
The results presented in Tab. 3 showed that the
level of W BC in 9. 6M g/kg group renarkably decreased

(p< 0.01) while the level of MCHC increased (p <
0. 05).0n he other hand other hematological paran e
ters of he tox in-treated m ice mantaned unchanged.

Tab.3 Effects of M icrocystis cell extracts on the hen atolgical paran eters of the tox in-treated m ice

Param eters Control 2.4 4.8 9.6
WBC ( 10° /L) 7.3%1.2 7.2%1.2 7.2%1.5 4.9 £1. 3™
RBC (102 /L) 6.0%0.6 5.6 %0. 5 5.8%0.8 5.7%0.8
HGB ( g/L) 134%7 1339 13412 144 £10
HCT 0. 29810 031 0.279 *0. 025 0. 288 £0. 039 0.280%0. 038
MCH (10~ '2g) 22.7%2 23912 23.3%2 25.5%3
MCHC ( g/L) 455%44 481 £48 470%41 520 *61*
RDW 0. 167t0 015 0.162 £0. 012 0. 155%0. 019 0.149%0. 014
PLT (10° /L) 8201128 880 251 940+ 165 810 =159
PCT 0. 0050 001 0. 004 £0. 001 0. 006 £0. 003 0.004£0. 001
MP (10 L) 6.6%X1.0 5.3%1. 4 6. 1£1.8 5.4%1.1
W 0. 16410 005 0.161 £0. 009 0. 167 £0. 005 0.162£0. 005

2.5 Serum biochen ical levels

Effects of micoeystirlR on the serum bibchen al
levels of the treated-mice are gven n Ta. 4.These data
clearly showed that actvites of ALL, ASI; ALP and IDH n
9.6 g/kg group were senificantly hgher than that of the

ontwol group (p< A 01).However levels of TR ALR A /G
ratig TG and GLU at he top dose matkedly decreased when
ampared to the control (p < 0.01) . In additiop a senif+
cant ncrease of UA level n 4.8 and 9. Glg/kg goups was

ako found when con pared wih he cntol

Tab. 4 Effects ofM icrocystis cell extracts on the serum biological param eters of the toxin-treated m ice

Param eters Contwol 2.4 4. 8 9.6
ALT (U /L) 58t 14 57%10 63t 16 152 £36™
AST (U/L) 10323 108 17 116£28 184 427
ALP (U /L) 211145 182 £38 249t47 353 96
LDH (U /L) 303129 364 £116 426£98 502 £108™
TP (g/L) 56. 7£2.8 57 613.3 58.4%3.8 5.0X3. 6"
ALB ( g/L) 30.8%1.7 305%1.3 30.4%1.5 % 6%1.9"°
G1O (g/L) 25.9%1.4 271331 28.0%+2.7 2. 47131
A G 1. 19%0.06 1. 14 0. 14 1. 09%0.08 0.95 *0. 13"
TBIL (Mmol/L) 1.2%0.3 1.2%0. 6 0.8%0.4 L.6X0.5
CHO (mmol/L) 2.73%0.44 2.51 0. 33 2.84%0.43 2.26 0. 63
TG (mmol/L) 1. 21%x0.24 1.00 0. 26 0.80%0.15™ 0.48 *0. 10~
GIU (mmol/L) 9.85%0.83 8.64 t1. 1T 6.49%1.26™ 4.54%0. 94"
BUN (mmol/L) 9. 50%0.85 10 28 £1. 47 10. 35%1. 35 10. 60£1. 95
CR (Hmol/L) 32.0%7.8 356%5.2 37.4%6.3 35.3%5.9
UA (Hmol/L) 147£38 181 £34 220%40°" 208 £50°*
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2. 6 H istopathological alternation

Severe dan ages ofmouse liver n 9. 6Hg/kg group
were found by histopathological exan nation presenting
he histopathobgical changes such as hydrop ic degen-
eration of hepatocytes neutroph il nfiliraton and loss of
adherence beteen hepatocytes ( Fig. 1, B) . Abnomal
white pup morphology unclear circun scription be-
tween white pulp and red pulp and increased m acro-
phages n red pulp (Fig. 1, D, E H) 1 the spleen le-
sbn of the treated mice exposed to micocysti-LR at
dose of 9. 6M g/kgwere also observed. On the contrary,
no histopathobgical altemation was found n kidney

and bone marrow of the tox n-treated m ice.

iver and spleen hitology ofm ice exposed to m icrocysti-LR
by daily i p. injection ofM icrocystis cell extracts at a dose of 9. 6H g
m icrocysti-LR /kg for 14 days
Panels on the left are contols and panels on the right are treaments
A. Contro ]l lver shov ing nom al hepatic cord patiem of bbules hepa-
ocytes and central vein (H& E, 200% ); B. Exposed liver show ing hy-
dropic degeneration ( amow), neutrophilic infiltration ( circle) and a
loss of adherence beween hepatocytes (H&E, 200 x ); C. Contwol
spleen showing parenchyma w ith nomal white pulp and red pulp
(H& E, 50% ); D. Exposed spleen show ing parenchym a w ith abnom al
white pulp mompho bgy (H&E, 50 x ); E.Control spleen shov ing
clar cirrum scription between white pulp and red pulp (H&E 50
x); F. Exposed sgplen shov ing unclear circumscription betw een
white pulp and red pulp (H&E, 50 % ); G. Contiol gpleen shov ng
nomal red pulp (H& E, 100X ); H. Exposed spleen show ing increased
macrophages (arrows) i red pulp (H&E, 100%)
WP: white pulp; CV: central vein RP red pulp; CA: central arlery

3 Discussion

There have been many reports that ndicated m+
crocystins are potent nhbilors of phosphatase 1 and
24" % A cute toxicoss of aninals folbw ng m icro-
cystin adm n istration is characterized by rap d disorgan-
ization of the hepatic architecturg causing intrahepatic
henorthage and even death n manmali ' ** . Chonic
uptake ofm icrocystins resulted in generalized degenes
aton single-cell necrosis fibrosis and neutophil nfit
tration of hepatocy te . Gross lesions n livers of the
treatedm e were observed in the present study, which
B consistentw ith those descrbed nmanmmals follow ing
exposure tom icn)cyst'ns[26 2

We aloo found a senificantly decreased weight
gan of the treated m ice n 9. 6 Hg/kg group when can—
pared to the contwol group n addition to hepatic dam-
age. A smibr phenanenon n rats was reported by
Solter et al (1998) "

sumed to result fum severe lver damage due to the

.This gwowth nhbition was as-

tox in which was verified by serum biochem ical changes
and histopahological obsewatbns.

As a tem inal indicator the organ weight ratio is
canmonly used by both acute and chronic toxicity
tests An ncreased lver body weight ratio of mice m
9. 6lg /kg group was found n this study, probably due
to severe damage of hepatocytes By omgan weight ratio
assays we also discover that the spleen is very sensitve
to micocysti—-exposure. The increased spleen body
weight ratio of m te n 2. 4Hg/kg group was observed
due to the hamful effects of microcysti-IR on
spleen. On the other hand this ndex decreased n 4.8
or 9. 6l g/kg groups campared to the control group and
this m aybe result fran spleen mpaiment caused by
toxin which is verifed by histopatho bgical exam nation
(Fig. LD, E H).

ALT activity is often measured along with that of
AST, ALP and LDH to evaliate whether lver is dam—
aged or diseased.W hen liver 5 n dysfunctbn actv+
ties of hese enzymesw ill ncrease. In this study actv+
ties of ALT, ASI, ALP and IDH mn 9. 6Hg/kg group
signifrantly ncreased when canpared to the contro]
nd icating thatm icrocystins caused damages to the liver

of tox -treated m ice. Sin ilar changes of certain serum
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enzym e actwities associated w ith lver dam age were at

. [ 26 30—32)
so reported nm anmals .However Guanan and

Solter (1999) "

rum decreased after subchwnic exposure to m icrocys-

found that n rats ALT actwity n se-

tir-LR thatwas nduced by decreased hepatic ALT syn-
thesis.

Additionall, results of the present study showed
that levels of TP, ALB and A /G ratio of mice n the
9.6Hg/kg group were remarkab ly lower than that of the
controlwhile GLO levelmantained unchanged Decrea
ses I semm TP and A /G ratiomay be attributed to de-
creased ALB level because no change was obsewed in
GLO level Because ALB is only generated n liver the
hypoalbum nem ia could be partly caused by liver dys

. [3435] .
is .Our results are ncon-

finction n proten synthes
sistent with the fndngs obtaned by Gupta et al
(2003)"” who failed to find any change of the serun
TP, AIB and A /G ratiow hen m ice were exposed acutely
to m icrocystins. D ifferent duratbn of exposure may ex
plain the discodance.

Beasley et al (2000)[31] reported that acute tox+
cosis ofm icoeystirlR caused severe hypoglycam ia in
sv ing which was probably due to acute failure of he-
patic gliconeogenesis as well as altered glhicose mobil+
zation and metabolim. Sin ilar result was obtained in
this study when m ice were exposed to toxin even at a
low dose 0of2. 4Hg/kg. A spnificant decrease n sewm
TG of mice in 4. 8 or 9. 6l g /kg groups was obsewed
wih the lkely reason that TG metabolian was altered
by toxic effects of m rrocysti-LR. In add ition, m icro-
cystirinduced decrease n WBC counts observed in
this testm ay be related to the decreased hen atopoiess
of bone marrow, although no obvbus change n bone

marow was bund by histopathological exan nation.
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