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ABSTRACT

To investigate the effects of low dosed microcystin—-LR (MCLR) on the initial stage of subacute hepatotoxi-
city in vivo, male Sprague—Dawley rats after weanling were divided in four groups. The orally treated group
(OG) was administered orally by 1 pg/kg B.W. at an interval of three days. The free group (FG) has taken the
drinking water including 1 pg/L freely and the control group (CG) was only treated with 0.9% saline solution.
All groups were treated for a period of 3 weeks. There was a significant correlation in body growth rate between
OG and FG and especially, a deterioration of the growth of spleen was observed in the FG after 5 days. The
protein levels were also decreased in OG and FG after 9 days. Level of total fat was increased to the 9th day
but again decreased up to the initial level. High hemolysis of the isolated erythrocytes occurred only in OG.
Activities of Y~GT of OG and FG were higher twice—fold than CG, but the values of OG were already higher
at the first treatment day. No significant change in aspartate aminotransferase (AST) activity was shown in all
groups, but the activity of alanine aminotransferase (ALT) was slightly increased at the beginning state. There
were much similarities in the results of OG and FG, except the growth inhibition of spleen in FG. It may be
concluded that long—term effects of the low doses of mycrocystins in animals including human being can lead
to serious health problems, especially to liver and spleen.
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tins (MCs)ol| &= # A3 507) o|Akel EZEAEo) g}
o1 (Carmichael, 1994), 159 384 F2+= F
ol s F9 obvleArET TEY W
ol Al =42l ADDA (3-amino—9-methoxy-
2, 6, 8—-trimethyl - 10-phenyldeca~4, 6—dienoic acid)
2 FA5e] gl (Botes ef al., 1985). Mycrocystins
FAAM 7HE AEst 54E 2 E42 microcys-
tin—-LR (MCLR)& ¢F 1000 daltons®] EA}=& 7zt
+ cyclic heptapeptide o]t} A}&4=Fo| A4} MCLR )
77| BE 1FY A= (Codd & Bell, 1996) 0]t}
FAzA meNE HAY 20974 245t
(Jones & Orr, 1994) vl & 4 Weol| o3 Eal=E
w9 AR HgEE dHA o (Kenefick et al.,
1993; Tsuji et al., 1994),
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248 ol 3EUY % Azafdeln 54
Sk 7iol 2 z1zbol HEAY (Falconer, 1991; Nishi-
waki—Matsushima et al., 1992; Zhou et al., 2000), &
WA el kgL &A4¢] FAIA S (Runnegar et al., 1993)
9} M ZAle] & (Mankiewicz et al., 2001; Ding er
al., 2003) =3 7 vje 735 =4 &343 e}
Waich Azl QleiM MCse] x=&2 F2 77
Aze o) Qolujel A4 Byl 2FIAE
2 AR ol st ¥ lwt (Falconer, et
al., 1994; Hrudey et al., 1994; Lahti et al., 2001; Hitz-
feld er al., 2002; Frank, 2002). 181}, MCs: 9j]-9-
FgA0 2 v3LA Bz e 5T Y
o} FRAZFo T = TN ;q oli=c} (Lambert et
al., 1994). MCs2] QAW AF= AYFAL Fof 2F
A= 6Yd =9t Z}X]E]Q\ififﬁ (Eriksson et al.,
1990), X 12A12F Yol 75%, 64 Folle i1
—“%_'—0] w] A = )=} (Brooks et al., 1987; Robinson ez

. 1991). e, A 2] HzAWE Eeld
MCLR-& &4 w2 S (protein phosphatase 2A %
DI FFALE shmeA o 149 ol AFIH
3 ® 759} (Honkanen et al., 1990; Robinson et
al., 1991).
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1998; Guzman, et al., 2002; Shi, et al 2002). 121},
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Microcystin-LR-2 Calbiochem-NovabiochemA}
(San Diego, CA, 7|2 ¥ F3)8lglt}. Alanine
amino transferase (ALT) 2 amino aspartate transfer-
ase (AST)e] A% &AL kitx SigmaA}(St. Louis
MO, u]3), gamma-glutamyl transferase, total cho-
lesterol, triacylglycerol ¥ sorbital dehydrogenase2]
222 WakoAl AlE(St. Louis MO, 4E)& AR

ajoich 7 whe] AokEE 34 Aok AMEsIl
o},
3. SEAIS

AYEE-E MCLR®) ARy (F714/ 2430
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AbS-stde). A¥EEe| Aelah MCLR 9k Run-
negar 5 (1991), Fawell 5-(1994) W Wickstrom %
(1996)2) B&-& Farsled A% = (LD 1/5~1/2
FE)2 2AElY Fddot OGES MCLRE&
214 4~(0.9% NaCl)e)] 1-_04,\1 1 pug/kg BW.E 44
Aoz Aq AR 77 Felskdeh FGZE
A4l MCLRE HF5 = 1ug/L7t Jx5 3jst
of A48A BPIES sglom 4HFe Y U
R Azwhe 235 B389 CG2E MCLR
ﬂm A g14(0.9% NaC)& OGZe] Aoz

7} Fojaigleh RE AWFEE 06EE 715
=2 %}04 @A 2 MCLRE Foi38F 2447 39
AP 2 3~serelg oz ATl
s Bejy ez el dog Ashalet 2,
A R A2 52 A APYGR AR
G AR 4718 AT A Z4T &
Al -80°Ce] Yol wAsgch

4. MEUY

dRog $29 ZMHZY &4 A= FF
U] gamma-GT, ALT, AST®] &4 == slga
2712 TC9 TG & 3 SDHY A= =
Astgdel g3 wlAgke] 242 Bradford £9
Wy (1976)& AHg-slgot 7‘*@‘?9’1 L£dAg >
Benzidine A|¢F& AR&sle] EAF A2 515nmm
oAl BA S (¥ '—'T"gi}i}il 1997).

5. &AIx=2

RE APAIE HF+2F 2 A} (mean£S.E)SE
ZA 8l 2ol A3 2 o H3 Student
9] t-test® o] &3}e] 7Rtk P<0.05 (*), P<
0.01 (**) I p<0.005 (***) £FNA IS B
ol AMNE Hx=z TAFCh

Za o &
1. AHESE M3

AgFEe A2 MCLRE A3 58
223 BlwEs S el Ak ez of 13U7HA
= AgFEE 2 Aolr} glek 238y, MCLRE
A2]g 99 o] FHE| = AYFEE FolE e
7] AFstel 33 Folk dzzel W FGZH
OGZ-& 717t 17.2% % 21.0%2] AR Ade 1Y
T (Table 1). whebr, AR & 8 A4 CG
>FG>0G 4=o0]¢].om, AFEEe] A MCLR
o] J3g& v|X= Aoz FFF) Fawell 5
(1994)> MCLRE A& Ag5Ee] 44 o
Z7ol vlste o 7%7} F3HT B sl om,
B dFoMx ALY AFL oF 20%7} FaF
o2 fARE AHE e 9ot

2. o1 4%

Al 5B Fo #A7)e] nA= MCLRE] ¢33
& 2] flete] Alzbel] wE AUPE QRS

l

Table 1. Changes of body-weight during the experimental

period (Unit : gram)
Day CG FG oG
1 125.2+0.66 124.71£0.59 124.940.13
3 140.3£1.89 139.2£0.71 140.1+4.95
5 162.9£12.78 160.7£7.60 16551131
9 203.1+£10.05 199.8+10.70  201.2+10.91
13 244.6+12.62  238.0%11.57 236.7£5.05
23 4239+107.8  351.1£19.23  334.8+18.58

OG was treated orally with 1 uyg MCLR/kg B.W. in 0.9% saline at
intervals of 4 days and FG was treated as drinking-water includ-
ing 1 ug MCLR/L. Body—weight was measured every two days at

the same time. Each value represents mean=+ S.E. of three or fif-
teen animals
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Fig. 1. Effects of MCLR on liver, spleen, and kidney weights in male SD rats. OG was treated orally with 1 pg MCLR/kg
B.W. in 0.9% saline at intervals of 4 days and FG was treated as drinking-water including 1 pg MCLR/L. One day
after the toxin treatment, animals of each group were used for assays. Each bar represents mean +S.E. of three or five
animals. The asterisk indicates the value different from the CG at P<0.05 (*).

vlastg el (Fig. 1). 22 AgdFol slejr 7k o
A7) AL folAde Aol JeA oSt
A7k MCLRE A28t AYLELS CGEoll vl
TEEY vA 9 AR AR AMAE] E3Ee
Aoz yepygd. 53], APL FolA FGZ2 A
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2 AFFH3= Hooser 5(1990)7} Milutinovic
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Eoll Mg MCLRel| 2)8F 4174 &4l A3k =
g3t A3g B}t R3lo, ooz FGH
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&17] Slste] AFES] Al wh A7E 35
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A FYEH7) djEel] AFS] ATFelA B Hw
g AP =TFZE AHS-sled MCLR# v Y 4139
FHA oJ Rl A F71A A Eelo] sk

3. MY protein U TG2 ==, Hemolysis

A A protein F= 157 7= £
zpol & Holx dgtont, 2 Felle AHLEY
OGEH} FGE BFAM FH43] sl A4E
Beo F9c}(Table 2). =3t protein =2 7FAw
2 0G| ¥ldte] FGFolA HL =A vehddt
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#F2 CGEol »stey 0GEH FG# 2¥7) 22
e Jehlivlrl 54 AeEF of 15978 E A
2t F7leled 9 dRE = FAI] sl HHE
Bk (Fig. 2). A 27 TG ke 0G+-¢] FG
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Table 2. Effects of MCLR on serum protein level and hemolysis in male SD rats for experimental period
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(Unit : mg/mL)

Day 0 1 5 9 23
Protein Conc

CG 83.6+0.86 83.5+0.11 81.84+0.40 81.7+0.23 79.2+3.19

0G 83.6+0.86 82.8+0.15 83.4+1.07 84.240.11 74.31+1.56

FG 83.61+0.86 83.5+0.10 81.8+0.72 85.14+0.09 71.0£1.97
Hemolysis

CG 0.17x0.02 0.14+0.04 0.0940.00 0.13£0.00 0.134+0.02

oG 0.17£0.02 0.34+0.03 0.1440.00 0.20£0.01 0.17£0.01

FG 0.17£0.02 0.07+0.01 0.06+0.01 0.06£0.02 0.06+0.03

OG was treated orally with 1 ug MCLR/kg B.W. in 0.9% saline at intervals of 4 days and FG was treated as drinking-water including 1 pug
MCLR/L.. One day after the toxin treatment, the blood was collected through liver vein. Each value represents mean+ S.E. of three or five

animals.
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Fig. 2. Effects on serum TG contents and plasma gamma-GT Activity in male SD rats according to time. OG was treated
orally with 1 ng MCLR/kg B.W. in 0.9% saline at intervals of 4 days and FG was treated as drinking—water including
I ng MCLR/L. One day after the toxin treatment, the blood was collected through liver vein. Each bar represents
mean activity S.E. of three or five animals. The asterisk indicates the value significantly different from the CG at P<

0.05 (*), P<0.01 (**), and P<0.005 (**%*)

7] $915te] HAe] ALTS ASTS &4 BA$
ZA st v} (Table 3). & 5 AlolollA ALT &
Qo] zpeli= =A] gkort, OGFY-E < 9979
9 FEd vlE gzt Aed SFEE BTk =
FAST A x nE ZE FAUE 2o &
Bolx] ¢kgie}. Tt @A gamma-GT #4]-&-
OGZ3} FGZoAA B F 2)de F43
Z71sleb7t 947 el ghaste] CGE fALst
FEE AT 53], OG- o2 2ol w3}
of MCLR& H2|gt X7 oF 2v] |4y w2
44 1t ¥4 3o SDH 42 CGZol H]

3o OGw°] 547 ¥ 5% Yepiget
7443t uide)] FGZ2 9UAEE 33 Zix] 3
23 3 S 2dd @ s, o 9y Al
AFAES AYLE AbololA BolH<l AolE &
g 4 gldch

Shi £(2002)%] 312 <, Gupta 5(2003)2] A
A A7 R O F(2003)9] & AF(2003)el )3}
™ MCLRE A3 FEAHAAM 43N AST 2
gamma-GT 59 &4x v Zr)slgd o), A9
ALT 5= E22w=a chzs Jebdoh Solter
(2000)8} Shi %-(2002)2] 7oA A ALT &
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Table 3. Effects on serum and plasma ALT and AST activities in male SD rats
Day 0 0-1* 5 9 23
ALT Activity
Serum
CG 3121472 484+1.75 26.4£2.60 20.61+4.33 24.5+3.00 27.5+0.84
oG 44.7+£2.63 16.1£1.78 18.8x£1.21 34.4+4.02 22.1+1.67
FG 40.1+£2.97 19.2+0.61 22.5+0.96 18.140.71 19.5+1.10
Plasma
CG 50.8+:8.94 48.4+2.21 23.1x£1.64 23.24+3.02 21.1+1.38 17.6£2.10
0G 56.7+13.46 13.6£1.58 2431055 30.41+4.85 16.2+0.26
FG 49.7+7.55 14.24+0.76 23.7£0.81 16.5£2.68 15.6£2.08
AST Activity
Serum
CG 93.6+3.15 108.2£11.60 104.1£9.58 81.4+891 87.0+9.82 103.7£22.88
oG 96.2+16.89 93.7£13.46 79.0£1.86 84.3+9.48 97.9+16.21
FG 83.4£10.37 71.6+4.77 69.5+6.19 84.3+3.42 82.0+10.40
Plasma
CG 73.712.82 88.0£6.92 111.1£15.50 95.91+4.45 112.81+48.93 1159+£17.35
oG 136.7+15.55 77.5+14.68 84.1£8.31 89.6£10.80 106.6+25.25
FG 85.8£0.76 88.5+£31.33 78.8+7.76 102.2+7.39 923+5.53

OG was treated orally with 1 ug MCLR/kg B.W. in 0.9% saline at intervals of 4 days and FG was treated as drinking—water including 1 nug
MCLR/L. One day after the toxin treatment, the blood was collected through liver vein. Each bar represents mean activity S.E. of three or
five animals. 0-1 presents an 1 hour after MCLR -treatment to animals.

AL s == WL d9la 3 98 &+
ol M= ALT & o] Zvlsle 7oz ¥ Y]
oh 28jug, 8 vAE MCLRS| SAd%S
AZFE] A B4, 529 FAF ¢ A W
ol we} SEAadr) F2 43 e o}
Yzt o2 A7)l miAE dFe] gt o=
FAH A

589 SaAzd GE AL AZELEY
$40] Z7hke A7)E 1-GTe] Aol MCLR
Aek AF, SDH(OGZWE 1~597, 1
7 5)9] mAES o 797 bt 7] 29
ol ul=d, Ao g MCse] &= F4
3 Fol AL 308A 4412, AAE B Hol
A2FE Aoz el (Zilberg, 1966; Zegura et
al., 2003). &, 589 5% A2F5 3] LDy o4
o MCLR 5] %28 4% DAl 54 &
HAF|A G, bl AT A2E 53 oldA Y
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2719 SHEA de) FHY AoE sk
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& E $ Y- ez AsFHq.

froee koo

o

4 &

Al @& Irle] Ftat 4Bl wiiEtA o
H Alohxute|g]ol (2 FE2F) P 1 WAt
2 Qg A oA A A Rk ot F
Z - ZHFe FHrE Bl A
Z3oll A1Zbet 98l & 7}skar ok (Carmichael ef al.,
2001; Rao et al., 2002). A Ee|A] MCLRe]| £
g <zt =& 2 I W) AFE 53 As
= oA ArIAQ SAEY] AH T ZFL
el o] FeA 1, 1 73 HaHez Hdd
Aow d2=w 9ot
B oA Sprague-DawleyAl 23 (7))l
Alobxnte|g]ole] F8 H4¢l MCLRE 1 pgkg
BW= 4dujr} wiEsle] 37} o3 £(0G)3}
Aol 1ugLe) $5ok HEs zdsel A48
A AAT FEGH)E el oF 35 oL At
Sl S4EHE A7 O dFASE
g3 2re] 29k 4 vtk AA, MCLRE ¥
g AYEETE dadd vzt AR =71 17
~21% o4 F3E ek B4, AdF ] Fa A



September 2003 Ham and Kim : A% =9] MCLRE ®7] A2j3t 283 dM 54 x=e] w3} 215

Eo W3 MCLRS =42 53], FGEolAE ]
o] AR 71 E e F ez
ehgoh AR, dad A e Sho &3
27 B4l HIl gdort 3 =
2E AT Atk A, ¥ 3
M M EeAN FAlE BEAEY B d2d
o vlste] MCLRE Ae]&t 557 EFolA, e
i y-GT, ALT @ SDH 59 &484L 0GE
>FGZ>CGEe] w202 vl nixtoz 84
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