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TOXIC EFFECTS OFM ICROCYSTI S CELL EXTRACTS CONTAINING

M ICROCYSTIN-LR ON THE BLOOD OFM ICE
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Abstrac t: In the present study, tox ic e ffects o fM icrocystis ce ll extrac ts con taining m icro cystin-LR on the treated-m ice b lood

w ere investig ated1M ice in three exper im enta l g roups rece ived m icrocy stin-LR by intrape ritonea l in jection o f the ce ll ex tracts

for 14 days a t three sublethal do ses of 21 4, 41 8 and 916 Lg m icrocystin-LR /kg body w e ight1E ffects of m icrocystin-LR on

hem ato log ical param eters and serum b io log ica l levels of the treated m ice w ere eva luated after tw o weeks o f adm in istra-

tion1M ouse hem atopo ietic tissues, the bone ma rrow and the spleen w ere also co llected for h istopa tho log ica l exam ina-

tion1Rem arkable d ifferences in liver and spleen body we ight ratios be tw een the treatm ent and the control w ere

d iscovered1Furtherm ore, activ ities o f alanine transam inase, aspartate transam inase, a lka line phosphatase, and lac tate dehy-

drogenase in 916 Lg /kg group m arkedly increased wh ile the lev els o f serum to ta l pro tein, a lbum in and album in /g lobulin ra-

tio significantly decreased compared to the con tro ,l ind icating thatm icrocystin-LR caused dam ages to the liver of the treated

m ice1 In add ition, severe hypog ly cem ia was observed in all treated m ice, w hich w as probab ly due to acute fa ilure o f hepatic

g luconeogenesis as we ll as a ltered g lucosem obilization andm e tabo lism1 In com par ison to the control group, a rem arkab le de-

c rease in wh ite blood ce ll count in 916Lg /kg g roup w as observed by hem ato log ical test1H istopatho log ica l observa tions re-

vea led that obv ious im pairm ent in the spleen w as found in 916Lg /kg g roup besides severe pa tho log ical lesions in the liv-

e r1Resu lts presented in th is paper clear ly revealed tha tM icrocystis ce ll extrac ts conta ining m icrocy stin-LR had severe tox ic

e ffects on the blood o fm ice1
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  The occurrence of tox ic cyanobacterial b looms has

been reported inmany reg ions o f the wo rld and it pres-

ents a serious public health prob lem
[ 1, 2] 1Particu larly,

public hea lth concerns assoc ia ted w ith cyanobacteria

arise from their ability to produce a variety of tox ins

that can be classified into three groups: dermato tox ins,

neurotox ins, and hepato tox ins according to the tox ic

effects on an ima ls
[ 3] 1M icrocystins are a fam ily o f po-

tent hepatotox ins produced by species of freshw a ter cy-

anobacteria, prim ar ily M icrocystis aerug inosa
[ 4) 5 ]

,

w hich is commonly invo lved in freshw ater b looms

w orld-w ide1
M icrocystins are concentrated into hepatocy tes v ia

mu lt-i specific bile acid transporters where they can po-

tent ly inh ib it serine / threon ine protein phosphatase 1

and 2A
[ 6) 8] 1The consequent prote in phosphory lation

imbalance d isrupts the liver cytoskeleton, wh ich causes

massive hepatic haemorrhages that is the cause of an-i

mal death
[ 5]

1There have beenm any reports attributing

the death o f anim als
[ 2, 9, 10]

and human illness
[ 11) 13]

to

m icrocystin-exposure1 It also has been reported thatm-i

crocyst ins are potent tumor promoters in laboratory an-i

mals
[ 14) 16 ] 1 In humans, ep idem io log ica l studies have

related the presence o f m icrocystins in drink ing wa ter

to the high incidence o f liver cancer in some areas o f

Ch ina
[ 17, 18] 1
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M icrocystins are primarily hepato tox ic, but dam age

to other organs, such as k idney, lung and intestine, has

also been reported
[ 19] 1However, little inform ation has

been ava ilable in the present lectures about the effects

of m icrocystins on blood and b lood-form ing tissues1 In
the present study, w e aimed to evaluate the tox ic re-

sponses of the blood and b lood- fo rm ing tissues to m-i

crocystin-LR inKunm ing m ice fo llow ing 14 days o f in-

traperitoneal exposure toM icrocy stis ce ll ex tracts con-

taining m icrocystin-LR1

1 Materials andm ethods

111 Chem icals D iluent for hemato log ical test w as

purchased from Zhuha i Baso D iagnostic Inc1( Ch ina) .

D iagnostic reagen t kits for serum b iochem ical assay

w ere obta ined commerc ia lly from Shangha iK ehua B io-

eng ineering Co1Ltd ( China ) 1O ther chem icals w ere

purchased from Sigma ( St1Louis, MO, USA ) 1
112 Batch culture ofM icrocystis aerug inosa Sam-

ples of algae w ere co llected from the Nanw an Reservo ir

using a 64Lm mesh p lankton net1M icrocy stis aeruginosa

was iso lated, purified and then identified according to

the method of W atanabe ( 1996 )
[ 20] 1Cu ltures w ere

ma inta ined and grown inMA medium
[ 21]

at ( 25 ? 1) e 1
113 Preparation ofM icrocystis cell extracts and

high performance liquid chromatograph analysis 
Batch cu ltures w ere harvested by centrifugation and

stored at- 20e 1M icrocy stis cell ex tracts from the cu-l

turesw ere prepared as prev iously described
[ 22] 1Briefly,

ce lls w ere incubated in boiling w ater for 15 m in, and

then samples w ere removed, cooled on ice, and centr-i

fuged at 12, 000 rpm for 10 m in1Supernatants ( repre-

senting theM icrocy stis cell ex tracts) were poo led togeth-

er and stored at- 20e 1
The ce ll extracts w as analyzed by h igh perform-

ance liquid chromatography (HPLC ) to determ ine the

quant ity and composition of tox ins according to the

method o fH arada et a l1 ( 1988) [ 23] 1
114 Anim als H ea lthy Kunm ing m ice, both sexes,

w ere purchased from the Experimental An ima l C enter

of H enan Province, China1The an imals w ere hand led

follow ing the gu idelines in the China Law for An imal

Health Protect ion and Instructions for G ranting Perm it

for An ima l Experimentation for Sc ientific Purposes

( eth ics approval No1SCXK ( YU ) 2005-0001 ) 1The

m ice w ere housed in p lastic cages conta in ing sawdust

bedding and w ere prov ided w ith pellet food and wa ter

ad libitum1Their room was ma intained at 22) 24e

w ith a re lative hum idity of 50% ) 60% and kept on a

12h ligh t/dark cycle1
115 LD50 determ ination of the cell extrac ts The

intraperitonea l ( i1p1 ) LD50 o fM icrocy stis ce ll extracts

in mouse w as determ ined according to the up-down

method of Faw ell et al1( 1999) [ 24] 1
116 Experim ental design A fter one w eek of accl-i

matization, m ice w ere div ided into three experimenta l

groups and one contro l group, w ith 10 m ice in each

group at random1Them ice in experim enta l groupsw ere

adm in istered w ith M icrocy stis cell extracts by

i1p1 injection at doses equ iva lent to 214, 418 or 916Lg
m icrocystins/kg body w e ight da ily for 14 days1The do-

ses w ere chosen based on the i1p1LD50 ofM icrocy stis

ce ll extracts in m ice, approx imate ly 1 /20, 1 /10 and

1 /5 o f the LD50, respect ively1M ice in the control group

w ere in jected w ith the same vo lume o f sterilized 019%
sa line solution instead of the cell extracts1A fter 24h o f

the exposure, the anima ls w ere euthan ized by ether in-

halation and body w e igh ts w ere measured1The b lood

w as co llected from ophthalm ic ve ins1A sm all portion o f

the b lood sample w as taken for hemato log ical tes;t the

remainder w as used for serum b io log ica l assay1A fter

the b lood co llection, m ice w ere sacr ificed and the ir liv-

er, k idney, spleen and thighbone w ere immediately re-

moved1The we ight o f liver, k idney and spleen w as re-

corded and the organ w eight ratio w as calcu la-t

ed1Portions of the tissue w ere fix ed for h istopatholog-i

cal exam inat ion1
117 Hemato logical test 20LL o f who le blood w as

removed from the b lood samp le and added into 50LL

d iluent1Then, the d iluted samplew as tested imm ediate-

ly1The hemato log ical param eters, inc luding wh ite b lood

ce ll count (WBC ) , red b lood ce ll count ( RBC ), he-

mog lobin (HGB ), haematocrit ( HCT ) , mean corpus-

cular hemog lobin concentration ( M CHC ), red b lood

ce ll vo lum e d istribut ion w idth ( RDW ), p late let count

( PLT ), plateletocrit ( PCT ) , mean plate let vo lume

(M PV) and p late le t distribu tion w idth ( PDW ) w ere

determ ined by an automatic hemato logy analyzer
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(MEK-6108K, N ihon Kohden, Japan) 1
118 Serum biochem ical assay The serum was ob-

tained by centrifugat ion of the b lood sample at 3000 rpm

for 15 m in1The leve ls o f tota l prote in ( TP) , album in

(ALB ), g lobulin ( GLO ), a lbum in /g lobulin ratio ( A /

G ) , tota l bilirubin ( TB IL ), alan ine transam inase

(ALT) , aspartate transam inase ( AST ), a lkaline phos-

phatase (ALP), lactate dehydrogenase ( LDH ), g lucose

(GLU ), cho lestero l ( CHO), triacyg lycero l ( TG ), blood

urea nitrogen ( BUN ) , creatin ine ( CR) and uric acid

(UA ) in serum were analyzed by an automat ic biochem-

ica l analyzer (AU 640, O lympus, Japan) 1
119 H istopathological exam ination A sma ll p iece

of liver, k idney and spleen w as f ixed in Bouinps so lut ion

for 24h, and then dehydrated, embedded in to paraffin,

sectioned at 5Lm th ick1The sections w ere stained w ith

hematoxy lin and eosin (H&E ) and exam ined by light

m icroscopy1
To eva luate the effects of m icrocyst ins on bone

marrow, mouse thighbones w ere also removed and fixed

in Bou in. s so lut ion1A fter proper fixat ion, samp les w ere

deca lcified in 10% n itric ac id, and then dehydrated,

embedded and sectioned w ith the same method as de-

scribed above1
1110 Statistical ana lysis Results w ere expressed as

mean ? standard dev iation1Stat istica l ana lysis w as per-f

  

ormed using SPSS 1115 forW indow s by one-w ay ANO-

VA fo llow ed by Dunnett -t test or Tamhane test when

appropriate1D ifferences w ere considered to be stat ist-i

cally sign if icant at p< 01051

2 R esults

211 M icrocystin concentration and LD50 ofM icro-

cystis ce ll extracts

HPLC ana lysis show ed that the m ain component

o fM icrocy stis ce ll ex tracts w as m icrocystin-LR, and

o ther k inds o f m icrocystins w ere be low the lim its o f

detection by HPLC ana lysis1Therefo re, the to ta l con-

centrat ion o f the tox in w as 11014 Lg m icrocystin-LR /

mL1The i1p1LD50 o f the ce ll ex tracts in K unm ing

m icew as determ ined to be 48 Lg m icrocyst in-LR /kg

body w eight1
212 Growth inhib ition

Abnormal grow th and behav ior o f m ice in the

916Lg /kg group w ere caused by 14 days of tox in-expo-

sure1These m ice became anorex ia, w eak and th in dur-

ing the period of experiment1A s show ed in Tab11, body

w eight ga in of the treated m ice in 916Lg /kg g roup w as

about 25% low er than the contro l group after 14 days

o f adm in istration ( p < 0101 ) 1However, no significant

d ifferences w ere found in 214 and 418 Lg /kg groups

when compared to the contro l g roup1

Tab11 Effects ofM icrocystis cell ex tracts on the body w eight ga in o f the tox in-trea ted m ice

C on trol 214 418 916

Before adm in istration

Female ( g) 22188 ? 1125 22178 ? 1129 22187 ? 0181 22198 ? 0174

M ale ( g) 23129 ? 1144 24103 ? 1107 23144 ? 1122 22190 ? 1157

14 days after adm in istration

Female ( g) 28128 ? 1167 28125 ? 0190 26129 ? 1192 21188 ? 1185**

M ale ( g) 32148 ? 3174 32141 ? 1112 31121 ? 2137 24104 ? 1176**

  Note: Th e treatedm icew ere exposed to toxin by daily i1p1 in jection ofM icrocystis cell extracts at th ree sublethal doses of 214, 418 or 916Lgm icrocys-

tin-LR /kg b ody w eigh for 14 d ays; D ata are expressed asm ean ? standard deviat ion; Asterisk den otes s ign if ican t d ifference from the con trol group (* *

p < 0101) ; The sam e as fol low s

213 Effects ofm icrocystins on organ weight ratio
A fter 14 days o f adm inistrat ion, the liver body

w e ight rat io o f m ice in 916Lg /kg group markedly in-

creased ( p < 0105) compared to the control1 In con-

tras,t the spleen body w e ight ratios sign ificantly de-

creased in 418 and 916Lg /kg groups ( p < 0105 and

p< 0101, respect ively) although therew as on ly a slight

increase in 214Lg /kg group (p > 0105) 1Add itionally,

no differencew as found in the kidney body w e ight rat-i

os between the treated g roups and the control group

( Tab12) 1
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Tab12 E ffects o fM icrocystis cell extracts on the organ w eight ratios of the toxin-trea ted m ice

Dose( Lg/kg bw )
Organ w eigh t ratios

Liver K idn ey Spleen

Control 5135 ? 0151 1155 ? 0118 0176 ? 0116

214 5153 ? 0155 1153 ? 0118 0185 ? 0126

418 5120 ? 0147 1154 ? 0119 0156 ? 0113*

916 6102 ? 0153* 1163 ? 0118 0150 ? 0115* *

214 Changes of hematological parameters
The resu lts presented in T ab13 show ed that the

level ofWBC in 916Lg /kg group remarkably decreased

( p< 0101) wh ile the level o fM CHC increased ( p <

0105) 1On the other hand, other hemato log ica l param e-

ters of the tox in-treated m ice ma inta ined unchanged1

Tab13 Effects ofM icrocystis cell ex tracts on the hem ato log ica l param eters of the tox in-treated m ice

Param eters C on trol 214 418 916

WBC ( 109 /L) 713 ? 112 712 ? 112 712 ? 115 419 ? 113**

RBC ( 1012 /L ) 610 ? 016 516 ? 015 518 ? 018 517 ? 018

HGB ( g /L) 134 ? 7 133 ? 9 134 ? 12 144 ? 10

HCT 01298 ? 01031 01279 ? 01025 01288 ? 01039 01280 ? 01038

MCH ( 10- 12 g) 2217 ? 2 2319 ? 2 2313 ? 2 2515 ? 3

MCHC ( g/L) 455 ? 44 481 ? 48 470 ? 41 520 ? 61*

RDW 01167 ? 01015 01162 ? 01012 01155 ? 01019 01149 ? 01014

PLT ( 109 /L) 820 ? 128 880 ? 251 940 ? 165 810 ? 159

PCT 01005 ? 01001 01004 ? 01001 01006 ? 01003 01004 ? 01001

M PV ( 10- 15L ) 616 ? 110 513 ? 114 611 ? 118 514 ? 111

PDW 01164 ? 01005 01161 ? 01009 01167 ? 01005 01162 ? 01005

215 Serum biochem ical leve ls

Effects of m icrocystin-LR on the serum biochem ica l

levels of the treated-m ice are g iven in Tab141These data

clearly showed that act ivit ies ofALT, AST, ALP and LDH in

916Lg /kg group were significantly higher than that of the

control group (p< 0101)1However, levels of TP, ALB, A /G

ratio, TG andGLU at the top dosemarkedly decreased when

compared to the control (p < 0101) 1In addition, a signif-i

cant increase ofUA level in 418 and 916Lg /kg groups was

also found when compared w ith the control1

Tab14 Effects o fM icrocyst is cell extracts on the serum biologica l param eters of the toxin-trea ted m ice

Param eters C on trol 214 418 916

ALT (U /L) 58 ? 14 57 ? 10 63 ? 16 152 ? 36**

AST ( U /L) 103 ? 23 103 ? 17 116 ? 28 184 ? 42**

ALP (U /L) 211 ? 45 182 ? 38 249 ? 47 353 ? 96**

LDH (U /L) 303 ? 129 364 ? 116 426 ? 98* 502 ? 108**

TP ( g /L) 5617 ? 218 5716 ? 313 5814 ? 318 5110 ? 316* *

ALB ( g/L) 3018 ? 117 3015 ? 113 3014 ? 115 2416 ? 119* *

GLO ( g /L) 2519 ? 114 2711 ? 311 2810 ? 217 2614 ? 311

A /G 1119 ? 0106 1114 ? 0114 1109 ? 0108 0195 ? 0113* *

TB IL ( Lm ol /L) 112 ? 013 112 ? 016 018 ? 014 116 ? 015

CHO ( mm ol /L) 2173 ? 0144 2151 ? 0133 2184 ? 0143 2126 ? 0163

TG ( mm ol /L) 1121 ? 0124 1100 ? 0126 0180 ? 0115** 0148 ? 0110* *

GLU (mm ol /L ) 9185 ? 0183 8164 ? 1111* 6149 ? 1126** 4154 ? 0194* *

BUN (mm ol /L) 9150 ? 0185 10128 ? 1147 10135 ? 1135 10160 ? 1195

CR ( Lm ol /L) 3210 ? 718 3516 ? 512 3714 ? 613 3513 ? 519

UA ( Lm ol/L) 147 ? 38 181 ? 34 220 ? 40* * 208 ? 50**
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216 H istopathologica l alternation
Severe dam ages o fmouse liver in 916Lg /kg group

w ere found by histopa thological exam ination, present ing

the h istopatho log ica l changes such as hydrop ic degen-

eration o f hepatocy tes, neutroph il inf iltration and loss of

adherence betw een hepatocy tes ( F ig11, B ) 1Abnormal

w hite pu lp morpho logy, unclear circum scription be-

tw een wh ite pulp and red pulp and increased m acro-

phages in red pulp ( F ig11, D, F, H ) in the sp leen le-

sion of the treated m ice exposed to m icrocystin-LR at

dose of 916Lg /kgw ere a lso observed1On the contrary,

no histopatho log ical a lternation w as found in k idney

and bone marrow of the tox in- treatedm ice1

F ig11 L iver and sp leen h istology ofm ice exposed to m icrocyst in-LR

by d aily i1p1 in jection ofM icrocystis cell extracts at a dose of 916Lg

m icrocyst in-LR /kg for 14 days

Panels on th e left are con trols and panels on the righ t are treatm en ts;

A1Contro l l iver show ing norm al hepatic cord pat tern of lobu les, hepa-

tocytes and cent ral vein (H&E, 200@ ) ; B1Exposed l iver show ing hy-

d rop ic degen erat ion ( arrow ), n eutroph il ic inf iltration ( circle) and a

loss of adherence betw een hepatocytes ( H&E, 200 @ ) ; C1C ont rol

sp leen show ing paren chym a w ith norm al wh ite pu lp and red pu lp

(H&E, 50@ ) ; D1Exposed sp leen show ing parenchym a w ith abnorm al

w h ite pulp m orpho logy ( H&E, 50 @ ) ; E1C ontrol sp leen show ing

clear circum script ion betw een w h ite pu lp and red pu lp ( H&E, 50

@ ) ; F1Exposed sp leen show ing unclear circum script ion betw een

w h ite pu lp and red pu lp ( H&E, 50 @ ); G1Con trol sp leen show ing

norm al red pu lp (H&E, 100@ ); H1E xposed spleen show ing increased

macrophages ( arrow s) in red pu lp (H&E, 100@ )

WP: w h ite pu lp; CV: cen tral vein; RP: red pu lp; CA: cen tral artery

3 D iscussion

There have been many reports that ind icated m-i

crocyst ins are po tent inh ib itors o f phosphatase 1 and

2A
[ 6, 8, 25] 1A cute tox icosis o f an ima ls fo llow ing m icro-

cystin adm in istration is characterized by rap id disorgan-

ization of the hepatic arch itecture, causing intrahepatic

hemorrhage and even death in mamma ls
[ 4, 5, 26] 1Chronic

uptake o fm icrocyst ins resulted in generalized degener-

at ion, sing le-cell necrosis, fibrosis and neutroph il infi-l

tration of hepatocy te
[ 27, 28] 1G ross lesions in livers of the

treated-m ice w ere observed in the present study, w hich

is consisten tw ith those described inmammals fo llow ing

exposure tom icrocyst ins
[ 26, 29, 30] 1

W e a lso found a sign ificant ly decreased w eight

ga in of the treatedm ice in 916 Lg /kg group when com-

pared to the contro l group in add ition to hepatic dam-

age1A sim ilar phenomenon in rats w as reported by

So lter et al1( 1998) [ 29] 1Th is g row th inh ib ition w as as-

sumed to result from severe liver damage due to the

tox in, wh ich w as verif ied by serum biochem ical changes

and histopatholog ical observat ions1
As a term ina l indicator, the organ w eight ratio is

common ly used by bo th acute and chron ic tox ic ity

tests1An increased liver body w eight ratio of m ice in

916Lg /kg group w as found in th is study, probably due

to severe damage o f hepatocy tes1By organ w eight ratio

assays, w e also d iscover that the sp leen is very sensitive

to m icrocystin-exposure1The increased spleen body

w eight ratio of m ice in 214Lg /kg group w as observed

due to the harm ful effects of m icrocystin-LR on

spleen1On the other hand, th is index decreased in 418
or 916Lg /kg groups compared to the control group, and

this m aybe resu lt from sp leen impa irment caused by

tox in, wh ich is verif ied by h istopatho log ica l exam ination

( F ig11, D, F, H ) 1
ALT activ ity is often measured along w ith tha t o f

AST, ALP and LDH to evaluate whether liver is dam-

aged or diseased1W hen liver is in dysfunction, activ-i

ties o f these enzymesw ill increase1 In th is study, activ-i

ties o f ALT, AST, ALP and LDH in 916Lg /kg group

sign if icantly increased when compared to the contro,l

ind icating thatm icrocystins caused damages to the liver

o f tox in- treated m ice1Sim ilar changes o f certa in serum
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enzym e act iv it ies associated w ith liver damage w ere a-l

so reported inm ammals
[ 26, 30) 32]

1However, Guzman and

So lter ( 1999)
[ 33]

found that in rats, ALT activ ity in se-

rum decreased a fter subchronic exposure to m icrocys-

t in-LR thatw as induced by decreased hepaticALT syn-

thesis1
Add itionally, results o f the present study show ed

that levels of TP, ALB and A /G ratio of m ice in the

916Lg /kg group w ere remarkab ly lower than that o f the

controlw hile GLO levelma inta ined unchanged. Decrea-

ses in serum TP and A /G ratiomay be attributed to de-

creased ALB leve l because no change w as observed in

GLO level1Because ALB is only generated in liver, the

hypoalbum inem ia could be partly caused by liver dys-

function in protein synthesis
[ 34, 35] 1Our results are incon-

sistent w ith the findings obtained by Gupta et al1
( 2003)

[ 30]
who fa iled to find any change o f the serum

TP, ALB andA /G ratiow henm icew ere exposed acutely

to m icrocystins1D ifferent duration of exposure may ex-

plain the discordance1
Beasley et a l1 ( 2000)

[ 31]
repo rted that acute tox-i

cosis o fm icrocystin-LR caused severe hypog lycem ia in

sw ine, w hich w as probab ly due to acute fa ilure of he-

patic g luconeogenesis as w ell as a ltered g lucosemobil-i

zation and metabo lism1Sim ilar result w as ob tained in

th is study when m ice w ere exposed to tox in even at a

low dose o f 214Lg /kg1A sign if icant decrease in serum

TG of m ice in 418 or 916Lg /kg g roups w as observed,

w ith the likely reason that TG metabo lism w as a ltered

by tox ic effects o f m icrocyst in-LR1 In add ition, m icro-

cyst in- induced decrease in WBC counts observed in

th is testm ay be re lated to the decreased hem atopo iesis

of bone marrow, although no obv ious change in bone

marrow w as found by histopatholog ical exam ination1

References:

[ 1 ]  H aid er S, Na ithan iV, V iswanathan P N, et a l1C yanobacterial tox-

in s: a grow ing environm ental concern [ J ] 1Chem osphere, 2003,

52: 1) 21

[ 2 ]  Codd G A, M orrison L F, M etcalf J S1Cyanobacterial toxins: risk

m anagem en t for health p rotection [ J] 1T ox icol1Appl1P harm acol1,

2005, 203 ( 3) : 264) 272

[ 3 ]  de Figueiredo D R, Azeiteiro U M, E steves SM, et al1M icrocyst in-

p roducing b loom s-a serious global pub lic health issu e1E cotox icol

[ J]1Env iron1Saf1, 2004, 59: 151) 163

[ 4 ]  C arm ichaelW W1Cyanobacteria secondarym etabolites-the cyano-

tox ins [ J]1J1Appl1B acteriol1, 1992, 72: 445) 459

[ 5 ]  Daw son R M1Th e toxicology ofm icrocyst ins [ J] 1T oxicon, 1998,

36: 953) 962

[ 6 ]  E rik sson J E, Toivola D, M eriluoto J A O, e t al1H epatocyte de-

form at ion indu ced by cyanobacterial toxin s reflects inh ib ition of

protein phosphatases [ J ] 1B iochem1B iophys1R es1Comm un1,

1990, 173: 1347) 1353

[ 7 ]  Yoshizaw a S, M atsush im a R, Watanab e M F, et a l1 Inh ib ition of

protein phosphatases by m icrocyst ins and nodu larin associated

w ith hepatotox icity [ J] 1J1Cancer R es1Cl in1Oncol1, 1990, 116:

609) 614

[ 8 ]  Runnegar M T, Kong S, Berndt N1Protein phosphatase inh ib ition

and in vivo hepatotoxicity of m icrocyst ins [ J] 1Am1J1P hysiol1,

1993, 265: 224) 230

[ 9 ]  Duy T N, Lam PKS, Shaw G R, e t a l1Tox ico logy and risk assess-

m ent of freshw ater cyanobacterial ( b lue-green algal) tox ins in

w ater [ J]1R ev1Env iron1C on tam1Toxicol1, 2000, 163: 113) 185

[ 10]  Zim ba P V, Khoo L, Gaun tP S, e t al1Con firm ation of catfishm or-

tality fromM icrocy stis tox ins [ J] 1J1F ish D is1, 2001, 24: 41) 47

[ 11]  Bell S G, C odd G A1C yan obacterial toxin s and hum an health

[ J] . R ev1M ed1M icrobiol1, 1994, 5: 256) 264

[ 12]  C odd G A, B ell S G, Kaya K, et a l1C yanobacterial toxin s, expo-

sure routes and hum an hea lth [ J] 1Eur1J1P hycol1, 1999, 34:

405) 415

[ 13]  Chorus I, Fa lconer I R, S alasH J, et a l1H ealth risks caused by

freshw ater cyanob acteria in recreat iona l waters [ J ].

J1Toxicol1Env iron1H ea lth, 2000, 3: 323) 347

[ 14]  Falcon er I R1Tum or prom otion and liver in ju ry cau sed by oral

consum pt ion of cyan obacteria [ J ] 1Env iron1T ox icol1Water

Qua l1, 1991, 6: 177) 184

[ 15]  N ish iw ak-iM atsu sh im a R, Ohta T, N ish iwaki S, et al1L iver tum or

promot ion by the cyanobacterial cyclic p ept ide toxin m icrocystin-

LR [ J]1 J1C ancer R es1C lin1Oncol1, 1992, 118: 420) 424

[ 16]  Ito E, Kondo F, Terao K, et al1N eop last ic nodu lar format ion in

m ouse liver induced by repeated intraperiton eal in jections ofm -i

crocyst in LR [ J]1Tox icon, 1997, 35 ( 9) : 1453) 1457

[ 17]  Yu S Z1Prim ary p revent ion of hepatocellu lar carcinom a [ J ].

J1Ga stroenterol1H epa tol1, 1995, 10: 674) 682

[ 18]  Ueno Y, Nagata S, Tsutsum iT, et al1D etect ion ofm icrocyst ins, a

b lue-green algal h epatotox in, in d rinking w ater samp led in

H aim en and Fusu ,i endem ic areas of prim ary liver can cer in Ch-i

na, by h igh ly sens itive imm un oassay [ J] 1Ca rcinogenesis, 1996,

17: 1317) 1321

[ 19]  Ku iper-Goodm an T, Falconer I, F itzgerald J1H um an hea lth as-

pects [ A ]1 In: Chorus I Bartram J ( E ds1 ) , Toxic C yanobacteria

in W ater [ M ] 1Geneva: W orld H ealth O rgan ization11999,

113) 153

[ 20]  W atan abeM F1Product ion ofm icrocystin s [ A ] 1 In: W atanab eM

F, H arada K, Carm ichaelW W, e t al1 ( E ds1 ) , ToxicM icrocy stis

[M ]1New York: CRC Press11996, 35) 40

[ 21]  Ich imu ra T1M edia for blue- green algae [ A ] 1 In: N ish izau aM,



6期 李效宇等: 微囊藻细胞抽提液对小鼠血液的亚慢性毒性 817  

Ch ihara M ( Eds1 ) , M eth ods in A lgology [M ] 1Kyoritsu: Toky-

o11979, 294

[ 22]  M etcalf J S, C oddG A1M icrow ave oven and bo iling w ater bath ex-

tract ion of h epatotoxin s from cyanobacterial cells [ J] 1FEMS M i-

crobiol1L ett1, 2000, 184: 241) 246

[ 23 ]  H arada K I, Suzuk iM, Dhalem A M, e t a l1 Im proved m ethod for

pu rif icat ion of tox ic pep tides produ ced by cyanobacteria [ J] . Tox-

icon, 1988, 26: 433) 439

[ 24 ]  Faw ell JK, M itchel lR E, Everett D J, et al1The toxicity of cya-

nob acterial tox ins in the m ouse: I1M icrocystin-LR [ J ] 1Hum an

Exp1T oxicol1, 1999, 18: 162) 167

[ 25 ]  H onkanen R E, Zil ler J, M oore R E, et a l1C haracterizat ion of m -i

crocystin LR, a poten t inh ib itor of type 1 and type 2A protein

phosphatases [ J] 1J1B iol1C hem1, 1990, 265: 19401) 19404

[ 26 ]  Rao PVL, B hat tacharya R, Pan t S C, e t a l1Toxicity evaluation of

in v itro cu ltu res of freshw ater cyanobacterium M icrocy stis aerugi-

nosa: I H epat ic and h is top athological effects in rats [ J ] .

B iom ed1Env iron1Sci1, 1995, 8: 254) 264

[ 27 ]  Falconer I R, Bu rch M D, Steffensen D A, e t al1Toxicity of the

b lu e-green alga ( cyanobacterium ) M icrocystis aerug inosa in

d rink ing w ater to grow ing pigs, as an an imalm od el for hum an in-

ju ry and risk assessm en t [ J ] 1Environ1Tox icol1W ater Qual1,

1994, 9: 131) 139

[ 28 ]  D ietrich D, H oeger S1Gu idan ce values for m icrocystins in water

and cyanobacterial supp lem ent produ cts ( b lue-green algal supp le-

m ents ) : a reasonable or m isguided approach [ J ]?

T ox icol1App l1P harmacol1, 2004, 203: 273) 289

[ 29]  Solter P, L iu Z, GuzmanR1Decreased hepaticALT synthes is is an

ou tcom e of sub chron ic m icrocyst in-LR tox icity [ J ].

T oxicol1App l1P harm acol1, 2000, 164: 216) 220

[ 30]  Gupta N, Pan t S C, V ijayaraghavan R, et al1C omparat ive tox icity

evaluat ion of cyanobacterial cyclic pept ide tox in m icrocyst in var-i

an ts ( LR, RR, YR ) in m ice [ J ] 1T ox icology, 2003, 188:

285) 296

[ 31]  B easley V R, Lovel lR A, H olm esK R, et a l1M icrocystin-LR decrea-

ses hepatic and renal perfus ion, and causes circu latory shock, severe

hypoglycem ia, and term inal hyperkalem ia in intravascu lar dosed

sw ine [ J]1J1Toxicol1E nv iron1H ealth, 2000, 61(4) : 281) 303

[ 32]  Rao P V L, Gup ta N, Jayaraj R, et a l1Age-dependen t effects on

b iochem ical variab les and tox icity indu ced by cycl ic pept ide tox in

m icrocyst in- LR in m ice [ J] 1C omp1B iochem1Physiol1C, 2005,

140: 11) 19

[ 33]  Guzm an R E, S olter P F1H epat ic oxidat ive stress follow ing p ro-

longed sub leth alm icrocystin-LR exposu re [ J]. Toxicol1P a thol1,

1999, 27: 582) 588

[ 34]  M iu ra G A, Rob inson N A, Law renceW B, et a l1H epatotox icity of

m icrocyst in-LR in fed and fasted rats [ J] 1T oxicon, 1991, 29:

337) 346

[ 35]  Rabergh CM I, Bylund G, E riksson J E1H istopathological ef fects

ofm icrocys tin-LR, a cyclic pep tid e toxin from the cyanobacterium

( blue-green alga) M icrocyst is aeruginosa, on comm on carp (Cyp-

rinus carpio L1 ) [ J] 1A quat1Tox icol1, 1991, 20: 131) 146

微囊藻细胞抽提液对小鼠血液的亚慢性毒性

李效宇  梁俊波  皇培培
(河南师范大学生命科学学院,新乡  453007 )

摘要: 本文研究了注射含微囊藻毒素的微囊藻细胞抽提液对小鼠血液以及免疫系统的亚慢性毒性作用。实验分为 3个处理组

和 1个对照组 (每组 10只昆明小鼠,雌雄各半 ), 采用腹腔注射的染毒方法对 3个处理组进行暴露, 剂量分别为 214、418和

91 6Lg m icrocystin-LR /kg body we igh,对照组注射等量的生理盐水,连续注射 14d。实验结果表明, 14d染毒后, 小鼠的肝体比

和脾体比都明显增大 ( p< 0105) ,同时在 91 6Lg /kg处理组,血清丙氨酸转移酶、天冬氨酸转移酶、乳酸脱氢酶和碱性磷酸酶活

性与对照相比明显升高, 但血清总蛋白、白蛋白和白蛋白 /球蛋白比率下降。这些指标的变化说明, 含微囊藻毒素的微囊藻细

胞提取液对处理组小鼠肝脏造成了损伤,肝组织学观察也印证了这个结果,在处理组小鼠肝组织有明显的水样变性。另外,

91 6Lg /kg处理组小鼠血液白细胞数量比对照组明显减少。组织细胞学观察发现,处理组小鼠脾脏也有明显的损伤。该实验

结果说明, 含微囊藻毒素的微囊藻细胞抽提液对小鼠的血液和免役系统都产生了一定程度的损伤。

关键词: 微囊藻细胞抽提液;微囊藻毒素;小鼠; 血清学;组织病理学


