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Effects of Ethyl Acetate Extracts of Folium Mori
on Cadmium Inhalation Toxicity

Jaeyeal Jeung®, Young Sun Song, Ki Nam Lee
The Third Medicine, Professional Graduate School of Oriental Medicine, Wonkwang University

For the experiment of the effects between cadmium aerosol inhalation toxicity and ethyl acetate extracts of Folium
Mori, 4 inhalation exposure groups of rat were exposed to cadmium aerosol in air by whole-body inhalation exposure
for 6 hours/day, 5 days/week, and 4 weeks. Cadmium concentration in the air was 0.96mg/m* and mass median
diameter (MMD) was 2.48un with 1.85 of geometric standard deviation(GSD). Intraperitoneal injections of ethyl acetate
extracts of Folium Mori to inhalation exposure groups were performed for 4 weeks and the resuits were as follows: The
highest body weight gain for 4 weeks and food intake per day were 159.29/4 weeks in treated group Ili and
18.45¢g/day in treated group |, respectively. The highest lung and liver weights were 1.31g in treated group | and 9.42g
in treated group Ill, respectively. The highest kidney weight was 2.21g from treated group I. The lowest cadmium
content in lung was 86.39z¢/g from treated group ili and the lowest cadmium concentration in blood was 2.72.¢/d¢ from
treated group Il. Cadmium concentrations of 22.09.¢/g in liver and 24.82.¢/g in kidney were the lowest from inhalation
exposure group | and lll, respectively. For weekly cadmium concentration in urine, the value of the fourth week from
treated group Il was the highest, 1.35u.g/mé. For weekly cadmium concentration in feces, the values of the second and
fourth week from treated group | were the highest, 1.11.g/g. The highest metallothionein concentration in lung was
31.85ug/g from treated group Hll and the highest metallothionein concentration in liver was 205.77ug/g from treated
group lIl. The highest metallothionein concentration in kidney was 206.55.¢/g from treated group Ill. The highest Hct
and Hb values were 38.26% and 11.63g/d¢ from treated group Ill, respectively. The highest RBC and WBC values
were 7.68 x106/m and 9.85x 10%mw from treated group |, respectively.

Cadmium Inhalation - Toxicity, Cadmium Aerosol, Folium Mori, Whole-Body Inhalation Exposure, Mass
Median Diameter(MMD), Geometric Standard Deviation(GSD), Metallothionein
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2 Agor 2wy, o] 2412 metallothioneinS 0] &3}
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ol &3 2ty 22ro] 23 Sulloll sk ethyl acetate(E 7770,
Sigma)E H71510d 50T EXolA] F-AIFIHA] 244170 S0 3
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Table 1. Inhalation Exposure Design and Treatment of Ethyl Acetate
Extracts of Folium Mori

a
Group N anci\)!rr‘,c errru]g/a :"Oﬂ Cd r\;1\’\e,1r[c)>so(l),f m Dosage. mg/ke
Normal 10 0 - -
Control 10 1 2.45 Saline Only
Treated | 10 1 245 20
Treated |l 10 1 245 40
Treated Il 10 1 2.45 80

aMass Median Diameter
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Fig. 1. System for Cadmium Aerosol inhalation Exposure.
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Fig. 2. Mass Median Diameter During Inhalation Exposure.
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Fig. 3. Geometric Standard Deviation During Inhalation Exposure.
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Fig. 4. Cadmium Concentration in Air During Inhalation Exposure.
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I Ethyl Acetate ZEE0] 7IEH9] EYFHol nixle F&t

4, 718IEEEAL W F71F 1= 555 Fig2, 3 W 49 2
th 7128 A 289 AYEA-LE S 248im 7151 EE B AR
1850131 715 718 sFE 0.96mng/molrt. HolH s
AFERTABY AR 019, 7151EFHAY HL 041, 811
715 7IEE 559 F9 0240|190k
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i EQ0] Al Alo)A] W FFW TFE 0|8k MF I
i JIEE EE oY W e 0185l AXTEin B4
Tk 2ol 843 vl S 4ol 5T AXE 6 718
SIACE EYU CEN K ethyl acetate 2EEQ o] UHER 1)
A ol et R 8 L&, MST2E B oEH 2 nig)
gholl 52 EWo HE §3R) XNl Aol @Y S
AMFBIRIL =, 118, D RIS Belskd, Sejoig# djo]
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1 37147

HERIES SA185Y TAEIY 842 P&CAM 17325)0] 7)
Zoto] JPBIRTE A EQ A E= MRS 125m HlolAN &
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galjzo) o k3t 8do] FHE w7kl & S50 FHe
T} 165CQ & Edo|EMIA 71HAIZITt 33yt SzEE,
AIAZAIE HASLIL, 10% HNO;Z A3 HoJAE @=c). I8
I TiE BlolHE 100C 2" Xl £1 AXEA Sk

Ut AFE7 AZE L b Fof|, 10% HNO; 3-5meE H]01712)
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800526)0ll QI3 Hlo17 ol HEGIA A & 10g9) EH, 1.0g9)
&3 ZE(I, 71 AE, Zhe &7 EHA|Fofl 10ng digestion
acid F£& 24249 £ A AlFol 5.0m¢ digestion acidE AT i
W AEE 10T AZR7)004 ggo) 8 wizkk) BERAIAA 55
0C muffle furnaceol|A] 313} AlA 188 AT Z O|E3FIUCT. 24]
7H Bt 110TColl A 718K T A1QF ZA|F(reagent blanks)9}

2o} AIZISIJTE. 250 T 7HA hotplated] 25 & ST 1ni(B M)
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ol EXUE WEEE #7110 BOI24E E3MMA M5
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M

@B) £HE JIEE
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30% H:0; 04mE €L A187T =] A9 AXE wi7kx] A
< 7HE8INTE Th3oll digestion tubeE WZIX|7) & ARES
1% Aiboll aIAIZATL EXolle 2044 FABICE RSB
TA(AA-680, Shimadzu)oil Al E4A] AEE 150ColA 30X3,
7YQ L 300CollA 60%7}, 18]I YAMER= 1950 CollA 871D
Z HEsIc) AR 899 5%, X B4AIFAAM ZAE BT,
Cs(ug/me), Cb(ug/m)E ALIBIFTE AR 88U 8F, Vs(mt),
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Qmmol 3, VF, R 4% 2E YUY 209 10mM
Tris-HCI buffer(pH 7.4, 4C)Z &3} A[7]L 10,000rpmoiA{ 10
27 aEgisld ¢43dg ERIBIITH4THEX). o
boiling water bathollA] 287} 73 8lal WZHA]Z1 % 10,000rpm
oAl 227 AdEeIskd 4EA(cytoso)E LIL(ET A
cytosolofl 0.26mM CdCL, 84 /I & +87 Y519
metallothioneinE XE3RI1ZC)E. Ad7jo] JAHISIHE RBC
hemolysateE H718}1L 95°C boiling water bath ollA] 257} 7}
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ALk A EHD) AXUERIE 18] =) AEAE oK
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4) gASHH 24
(1) Hematocrit®] &3
Hematocrit %19 ZHE &niRl Aelgh HAS
(Heparinized Micro Hematocrit tube 73810, Kimble)oll €&
"o 4] £2)7)(Micro Hematocrit Centrifuge HA200, Hanil)
12,000rpmoilA] 15837 YA EZISE & HENZol| thgt packed
linear scale2 ZXsIRTI®,
(2) Hb, RBC, & WBCS] =7
Hb, RBC, W WBC2 XISEFA471(K1000, Sysmax
Corporation)Z 0|83l '
5) A B2Y
HEHHES AL P8 SPSS/PC+ 8.0 0]&3} 2SR L
AL EFEAE QoRIGTt AFH R0 wgt T1Ei=e) 2y
2 SigmaPlot 408 0] 83Tt ARS BASHE |94 HE2
2=0.05 04} Duncan’s multiple range testZ 0]&3Iirt

2 %

1. #59 =8 &

U, FULE UEFE ZET AT H A1gAA 71
EEg E4c 218} 95% 418 7+7H2 Table 23} 2T} it
9] HuolA FIEE9 2 0.084g/g01R L MelTolME &

|- & HETIAM 64.82ug/gCF 71 =T A2l HolA
35.50u8/g 22 7V SUTH

Table 2. Cadmium Content in Lung

Group N Lung, /9 95 % Confidence Interval

Normal 10 008000 007~ 0.08

Control 10 6482+ 18.22a 51.79~77.86
Treated | 10 3869+851 3260~44.77
Treated i 10 36.32+1088 2854~44.11
Treated Il 10 3550+5.38 31.65~39.35

Total 50 3508+23.13 28.51~41.66

a p(005 by Duncan's multple range fest.

2. ARRYAY, AEE7HE

o, 71EE R E 288 ATl Alo] FEa A
& E7HS Table 39} Zrl 31FE 4lo] dF|Ee &Hikrol
24.95g/dayol R AElFolAE Held IolA] 1845g/dayl 2
7VE =T KR HoIA] 16.57g/day O 2 7HaH With 45 &
orol MEE7HEE FehTo] 195.84g/4 WeeksQ &2 7H =L
HelZolAE JElT HolA] 159.29g/4 WeeksC 2 71 &1
EYULE thEToIA 138.36g/4 WeeksO & 71AF 29Tt

Table 3. Food Intake and Body Weight Gain

Group N Food Intake(g/day) Body Weight Gain(g/4 Weeks)
Normal 10 2495+510 1958443810
Control 10 16.74+£264 138.36+9.38
Treated | 10 18.45+5.00 163.34+4043
Treated Il 10 1826+523 169.00+25.04
Treated Wl 10 1657402 159.29+ 28,14
Total 50 1899+5.32 161.17+34.77
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3. 3, 1E, " AFe 2A

ikt 7IEE xS TEs M A, 7+, J8ln
A& FAE Table 49 ZTh Aol 3 FAE 141801201
M) Foll A= MElE 1A 1.31g22 7Ha =31 Xelwt HollA
1.09g2 2 718 RIUTE FARFS 7H FAE 9.84g0I1A T Al
Dol AelE HolA 94250 % 7HE = & tlEd
ollA] 837g0 2 71aH it Hakrel AAEY FAE 239501
I AMBIE oA 221g2F 7MY} =141 kg tIEToIA
17408 J}& QYT

Table 4. Weight of Lung, Liver, and Kidney

Group N Lung, gram Liver, gram Kidney, gram
Normal 10 141£019 984+197 2.39+033
Control 10 1134013 8374224 174027
Treated | 10 1312027 9.39+1.17 221+027a
Treated I 10 109026 9.25£0.76 199+0.34
Treated |l 10 1.24+0.33 9424123 1.85+0.28
Total 50 1.23+£0.26 925+158 2031037

a p{005 by Duncan's multiple range fest.

4. Y, 8, W AFE0A FIEE B

AT, 7IEE U2 TS TS MeltY 9, 7+, 18
I AF AFoAM FIEEE B4 23K Table 5 ¥ Fig. 59
2o} 4ol 85 7128 s 0.22p/ d00IRAaL AelTollM
T EULE R oA 286ps/MT 71a UL AT o
A 272ug/ RCE 717 Ut a9 HEE 7IEE 5
0.024g/gOIU L Al TolAE FYU LB HETOIA] 30.84u8/82
Z 7V %I AT 1014 2.0946/g2 2 7HE QM) B4
9 AAE TIEE s 0.024/g0IRT Al &
L& UZRFolA 458ug/gCE 1A UL Al o)A
248248/ F 7VE R/UTh

Table 5. Cadmium Concentrations in Blood, Liver, and Kidney

Group N Blood(ug/ d) Liver(ug/Q) Kidney(ue/Q)
Normal 10 0.22+004 0.02+0.00 002+000
Control 10 286+0.36 3084+ 1154a 4458+389%
Treated | 10 276047 2209413 2133272
Treated It 10 272+023 2303+342 26.39+3.34
Treated Ml 10 276024 22.17+351 24.82+391
Total 50 226107 1963+ 1187 2463+14.70
p¢0.05 by Duncan's multiple range test
100
SN Norma!
3 Control
80 MR Treated |
[ Treated It
M Treated Il

60 4

40

Cadmium Concentration

20

Lung, x/g Blood, s/dt Liver. x/g
Organ

Kidney, xa/g

Fig. 5. Cadmium Concentration in Lung, Blood, Liver, and Kidney.
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5. 2 AlEoA F8 FIEE 5T

BUE, 71EE URFE TEs AglEY AH o AR
olAl Z'EEE 248 2 Table 634 ZTh MelFolA 3
2 BL2F uidEE 71289 55 ulud BE 1FMe A
gl MolA) 087ue/mlCE 71 U FYEE thETbolA
0.64ug/ O 2 71E QI 2R = A2 MolA] 1.08ug/ S
Z 718 S0 EULE ETNA 0.65us/mOE 71E 2%
on 3FAE= Held oA 1.27ue/mCE 7HE =011 &%
& HEToIA 0.72ug/ L2 71 AT 4F A& Melw o)
Al 1.35ug/ MO 2 71} =UAL EULE IR TOIA] 07608/ L2
2 71 DTt

470 AHE FIEE idE Mele L 1L J213 I 2%
oA £ 5O0Z widEE 71289 skt 716k 38 2
A= $KEE ethyl acetate 2EE0] EojZo] =2 Fojji] A
E02 iR 7IEEY st EU15ke dE0] £

Y. &, 74&, 9 AAA] metallothionein®} =T

B4, 71528 AT S Z88 Aeled #H, 248, 18l
{10 A metallothioneing 241 Z 3} Table 8 W Fig 634
2T} SolA metallothionein®] FE& A aktolA] 5.06ug/ g0l
R Melzolie Aeia HolA] 31.85ug/g2 & 7hah =%l
SEE tETOA 21.73ug/gRE 71 HWTh 1HEolA
metallothionein®} FT & HaolA] 13.80ug/g01R T M} Tol
e el MolA 205.77ug/gC.8 71 &R FYL & X
oA 111.21ug/g 22 7Va AT} AlBolA] metallothionein
B =T HakrolA] 12.02ug/g01R 1L MElollAlE Al 1T
BIlA] 206.55ug/8 2.8 71 &% SYULE thEToA 97.48ug
/g F 71A URITL R ethyl acetate REEQ] FojZol] H|E
B4 HS}t 7HEMOIA] metallothionein®] ST 7} HIBIHCE &7}
Ble AEE B oL} Aol olgfd Aol ARt

Table 8. Metallothionein Concentrations in Lung, Liver, and Kidney

Table 6. Cadmium Concentrations in Urines by the Week Group N Lung, .9 Liver, 1. Kidney. .9
Group N Fist we/m Second, wg/m Third, we/m Fourth, we/mi Normal 10 5062116 1380+ 1.26 1202+1.75
Normal 10 003001 003000  003+001 003001 Conrol 10 2173714 1112142460 97.48+4466
Contol 10 064+010 0654016 0724010 0764018 Trealed | 10 2696433 1827846090 198302998
Trealed | 10 083£019 1054026 106203  118+020 :(ea[‘eg 1|I|I :8 3310552*:05:6 2109274%::5; ;gg;:ig;;

+4 {1 £506. .00+ 56.
Trealed I 10 085016  106+023  110£03  128+021 e :
. ) . . Total 50 231641060 1423948480 133018425
Treated Il 10 087010° 108027 1274037 135028
106 b X ftiph test,
Tolal 50 065+03 078046 084-058 092+053 @ p(0% by Duncan's muitple range tes
a p¢005 by Duncan's multple range test,
300
6. il A|ZoA FE FIEE BT 20 | | T3 Comrt T T
W Treated | i '

FET, 7128 T e 2T ATl i AlRdA 74
EEE 248 2k Table 73} Aot XNelTollA] FE Ui &
oz iEE 7IEEY SEE vlud BY 150 HEld 1
ollA] 0.93ug/gLE 7H EUL EULE thRTolA 047ug/g
E 7H S0t 253 MEld oA 111ug/g2 M X1
FUEE HETOIA 030ug/g2 718 AU2H 3R Ml
oA 1.09g/g 2% 7He =R} S E HETONA 0.53ug/g
O 7} Wtk 4FAE HEIT oA L11e/g0 % TH %
UL FULE HETANA 058ug/g2E 718 AT 45749
ARoA i S22 widE e 71289 5Tt Alto] Adol
mzl oSHAl E7Icks 2Ere BA 2L K ethyl acetate F&
E29 FoY STl wizt tid 22 idEE JIEEY sk
7} B7¥ke 482 LVERA ottt

Table 7. Cadmium Concentrations in Feces by the Week

Group N First, wg/9  Second, we/g Third, /g Fourth, w/g
Normal 10 013002  012+002 013£002 014002
Control 10 047x022 030012  053+£019 058015
Treated | 10 081+030  111£032° 091+027 1112039
Treated I 10 093+021"  096+034  109+0.17° 103+028
Treated Il 10 085+037 0.78+0.37 1.03+£037 1.10+023
Total 50 064+040 065046 074+043  079+045

a p<005 by Duncan's multple range test.
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Fig. 6. Metallothionein Concentrations in Lung, Liver, and Kidney.

8. Hematocrit, Hb, RBC, 12}l WBC 4=X]

BT JIEE UERTE st AHuide ool
hematocrit, Hb, RBC, Z12]3l WBCE 248} A= Table 9%}
2t} A4kt hematocrit £X& 43.27%01Q3L R oAl =
M) HIoNA] 38.26% 2 71A U AEIE 1014 36.67%F 7}
7 goitt. Faktel Hb $A1E 13.29g/ deol oL AelFollMe
Azl HojA 11.63g/ 42 7H =X S E thETolA
9.59g/ & Z 7}E RUTE RBC $=x)1= Hakrol A 7.91x10°/mm'
OIRI A TolAlE AT IolA] 7.68x10°/ mmE 7HE &
I FYULE UFERA 6.76 X105/ mm S8 7}A w@i). WBC
FXE BRI 946 X107/ mmo|R AL MElTolAE Ml |
o4 9.85X10°/mm'E 7}E BT M) M)Al 9.38X10°/m
mZ 7HE 2.
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Table 9. Hematocrit(Hct), Hemoglobin{Hb), RBC, and WBC

Group N Hct(%) Hblg/dl) RBC(1C/mni) WBC(10"/mnd)
Normal 10 4327+761 13294228  781+106 946+093
Control 10 36.78+696 959+039 676121 965+1.16
Treated | 10 3667+963 11.06+166  768+102 985190
Treated I 10 3406466 1143+185  758+039 9.38+0.39
Treated Il 10 3826+938 1163+1938 757083 950285
Total 50 3781814 1140206 750089 957+162
a p(005 by Duncan's multiple range test
A

FR(BLFoll £33 EFEEAYU ZLIF(Morus  alba
Linne) ¥ BEE:I#EYS Yol FZE(Folium Mori)old], & -
H - % - ola EHSl B - frol BTt olBlEE ERTF,
ZBIgE, HEIEO] ATt HEEE - BB - L - Hmik
m £9 §50] Ao SRERRS] FEMEk, FFBTES FHa, B
%, FHEEZL, REVSHEE, 2ot 9 HES AT RE
9] S AUMES HEAK = M9 MEMEMC] U7]
mEo) SAREABAZ 010 FRE, Kk =9 HEEe tiAled, B
& H%, B8, #F, g1, 158 S2 vighdid S838tt. RaR
# - BAFEREY f50] U7 wiTol BEasol QAL e K
E#ROE QI BEEK, BRER 59 YW ol8sHt. £
HIB9 #8o] BT FBAKCE QI3 HEBK, HEHEE
B9 HES tiaY e HE, GRE a5%E E sl
83l WRFABIIEC] A KT MiEF BIH 52 g
gl SESI71L Sich it kR0 ACHE BEMERE <
o gk, W S9 HEE tiadled o83k EMukm A
T Qo] MAZ Qe nt 1] &EiEo] thstd 7Iete) &FEmikm <%
AE wighslel 288tk Sty

FIEO FMHEL ecdysterone, inokosterone, lupeol, A
-sitosterol, rutin, moracetin, copper, zinc z011®, 018 TS
O} 2 in vivoollA] metallothionein® ST M= H&lo] Yoi?.
FATA £EY FEE0) vigt dFEAES AEYSE, 1E,
813 ol Aol thE ol Huwa en? JIERY] &9
417 BEE ATE dis S ds BRI Ho) Yok, 5
E49 HAE SEE &3l EYUR JI=EY 0.1%0lA 50%0]T)
P g0 FLE JIEE A2 YA 2719 BaTo JE
gt # FIEEY] u]R E4ol thsh QA E A2 E §F AR
Ut AT HeloiA i &40 HAe dAE 7IEEY
3~7%olct. o] WelE 4E, &, £ Ui gyzadd wel
EAE 20%717 Z71BIFY. Massarod] W o2 ol thdh
EYFo 2 (inhaled dose)i} AZE (deposited dose)d) ol
2 243 M9 dFolAe 242 1129mg 2} 0.023mg0I VT AN
4 P9 dFolie 2zt Yol (inhaled dose) 1.175mg
ol Holl FEE 2k(deposited dose)2 0.107mgoiAYrt. B &
TFollAl olEE FSo]Z(inhaled dose)2 1.106mg0IRA L ol
oll 913} Holl AEHE (deposited dose)S 0.075mg0] AT HE
7t B ESE E71% 7IEE o289 skte LHsiE

g4

rx

-ol7le

FRIFQ] Aol YAUX T 6l &5E FUAFAF Hol| FaE &
Alolofli= oF7) =X)1HQ) Ajol7t UAUC FURAYY e &
4E VY @7t B @7ECH 1028 BT vls EP
= 2 AFEC 1158 £/UCh 7158 do]Z2 89 A5
Ude 1B Fol FAY G2 B A7) B85 VY J@F
Hr} 3260 BT vlS: 529 @) B ATHCH 143 =
ict. o] AR Yol Xol7t Ae RS DHEEY S QFol &4
435 £ @TolrlE 493m, BISG EP9 dTolE 140m,
J8lI B @FolAE 240mE Xo)7t UKL o1F 13 Hoj
AR = U] ol X}o)7} 7] WiEolch I, 3 AR 7I=
E =TS Unge o, B2 @780 i E99 g7} 2.88
o, 2435 79 AT} 1432 EYTE olEd AFEHE
TES 2 ul, R3E ethyl acetate £EHZ0] Flo)A S1=BS A A
7\l 22 Bl ROE YZEn) g 2R FIEE
SEE APTE 7IELE vlud RE gddMe B dF7)
285 579 dTEct 1.280) QL w4 529 7ot 2
ATHCE 2618 EJUTE TEOIAE B ATFRD 2435 7Y
A7} 1.08 BRI WS EPQ AT} 2 ATFHT} 1.8200
EUTH AFOlAE 2 Gt 2435 79 |FEr) 11126
BT BS 599 At 2 Gk 27280 BT 8, T
A&, 281 A1E ZRW Y] metallothionein ST E X2 S J|1E
o "imsl BH HoAE 2 a7 2435 79 a7
11480 =T WS S99 GF7} 2 @ H0} 237 EUTH
DEAE B a7t 2485 M9 g7 Erk 1548 & b
Mg P9 ATt B JFHED 1848 EUTE A AoAE 2
A7 AHS B9 AT} 17358 BT B4 579 o
F7} 2 d7Er 1210 Stk 2485 Y, uiis £99 o
T 2 dFENE FUrE AT METLE L] bl
g ul 2 @7oME S E thxEwol Hia) RRIEE ethyl acetate
XE2EE T8 AziE9 6, g, Bl AJEY
metallothionein® 2% 715153 7Haa A& E71 &
)7} #2] metallothionein £7} 42X 2C} E}T) o|l2ie 2T
e w4 579 dATolME Uekdtt 3, 74, A1E, J8)1
gAoA FIEE sE SFULE uIEFA Blal HE ethyl
acetate FEE S Fo8 M2lF9 #), 118, J2l1 AE9 7=
B 5571 2UCE &IE ethyl acetate FEES Fo= ul, 73,
AlE, 8l HolA] FI=EQ) MATI ") e
Mzt 2435 MY dFolME 3, 2E, AE, Z2
=T Elg EP9 dFME 3, AF, 1, g z
=%0H 2 dFoAe 3, U, AEL g9 08 =jivh o]
s ATAEAE 2 ul, B0 Wk FIZEY HMAH =g
gk 7™l Tha Aol UE ALE HZHEr). FI=EEd tigh
EQLET S4ol tid JFE Yoshikawa %1 Jaial g8
A7) ME BlIE 4= Y& AFEE BA) Lot 19 AF
olAe= EIFIE 19 641, 12F(37HE) SA STIS FIEE & &
T O0lmg/m# Img/ moll EYEETA ST 1.0mg/ moll S
L&y 87 100215 3oi2ls AR AlEolA] 4649 M 5]
B¢ £ 01ng/ woll EYLEF FolA= Aldo] IR
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#IE Ethyl Acetate REE0] JIEHE9 EYZYol nxe &

HETH A MEY B/ BTk I8, 23 5019 &

152 & 01ng/m 181 1.0mg/mol) ELLESH 879 5 2
Aol 717 AKCE HS HE)eE 4749 DEolA, 3718
5 =& F 10ng/m 8FolA 3] 433 I8l 194 7150]

HEEIRAT Olng/ mol] FULER FoME O s U
Ebton] gxtel dxolAd thEFy vlast AEY 71 281
RBC, Hb, hematocrit $=X]9] H3l= QAT S} 2 ¢ FoljA]
£ 7IEE 5k 096mg/m' 1211 AUSHTUE 245mollA 5t
F A 4T EYULE S0l 22 dFE 9 H9 848
3} 718 FEAEX ZUTt JIEE FFA) AoldREe 24
ANFNL ABE7 248 7 eche o Bt Ao
2 dTolA] Ao]dFHEE BAF uidl FASH Z24siRe
U B E YAy MHeldd sladieE S8 7171 Rl
T} o018 LEo] AEE7IEe] ol vlal S8HA 24519
2Lt EYUEE AT A9 Bl nolidE {99 SUbt ¢
At Yoshikawa S*9] dFolE MBE712 %0171 i
T A TE ZUE Aok Zaol vig] HelolA A5
E71E0] ZaE A2 Zad AoldF ) 71018 AoE Azt
0] SREE ethyl acetate FEEQ) Roi&= 410|452 JEZ7}
o]l JEE FE ACZ YUt Het, RBC, WBC £xl&= &
&7l vl 247 ARCU [ QACE FIE ethyl
acetate FEE0 oz JIEE doE2E UL S gd) &
g dh= @WskE EF0IAIQ) Het, RBC, WBCol| g&te Z=x) &
Bhe ASE 4P B AT E Yoshikawa 59 @0
A1e} 2ol RBCY $=Rjoll& Fahri) Alol7t PRACt. Yoshikawa
0] ¢} B AT Aol Qo] B xjol7} YU H W
9 Welstd Aol st Al §2 da, 53}, 821
71804 BEEE vjAS A 220l YRkel T3]
0.001-1.0/mE Yoshikawa E*9] SFojAlE Yxtel 3
718 A QLUA T 2 AFoA Y AR Z7] Hrt 2k
ol (XY F717} Ache AL dol ARE £ Qs oko] ¢l &)
Che Ag visiH F& &3 AR &4V dris RAE 9
o)gict. Snyder”ol 95HH BF oAl 1mSt 5me YR/ E
Hing ol #Ho] FAEE BIg2 Lm7t 58 sCohi dich
Yoshikawa E*79] ¢dFolA] 519 MR350 71F50] BEY AS
UANY A7)7) A2 £ o8I FUEEA] Ho) Be 3
Zo] AL AMWEL 57t BUcleEd 7IQehtl 8 4=
o} Wl FIEEo] SYEEo] HEele AKX A7)0 wel
Al UERE 4 e AElEHE, Welskd glge tlE £ Quke
A o 4 UL TIEE ol Z2EY FALE HEolA A
7] & AHEAFEE FH3I0E A2 oFF EQ8e ¢
& Qoh. F dms g9sky ARoiig Aojeld ols
Yoshikawa S|4 al40] Re 24 7128 Hol dFE
EUEEAAL 2 dFoM e Bolo] =2 QS IIEBE &

I EAIRIH O 9010 e ACE M FIEE oloj2F
9] UARAZ)7F SLIIH ¥l 71289 =2 SHHOZ QI8
Holl AR D e Hulol Tl B2 o] EFEUES ReZE &
HECt Rusch E% 7281 Tsuchiya™e Ate) A7)01Q0l %
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= Hge 71=80) 87 transferrin 18] 1
9 ferritind} ZEHEl] B F42¢ Al O ol&g wag
S 24 RBC =717} Z4%E1 Hb T 7} Z4%E microcytic
hypochromic anemia®|tt. 2 @FolAi= AAH Q4T Il
= gl thet AEF shiel vlg g Basl7) A3l Het, Hb,
RBC, WBCE &8¢ 23 Aai+* |, 1I, Z8) 1 HIQ) Het $X| &=
259 HAHAQ 44.4-504%0f p)X|X] E3lH FIEEQE ¢l
T BEoHAlol olgo] ATt UEESES RRM TIEE F
gl 50-80% 7 1A A& EZE] Wi JI2E FE
ol 71a B2 Fee ve Vi 1T JEARIY o189 24
7b 728 B30l 9 Aasiths Bt Aok, 2 AT olM

= AFY FAYe] ZaTol vlsl Al ZRolA |A5HA

ol or

MBI ol Bilg B2, S8 ZmEY g7 me
FARIACE 28U 319 FAE FaTol Bidl £ANSE
ZABIR 2L 7FAH 2 AT &I ethyl acetate ZEEQ
Fo71 sl AFS RACE F8e THEe EAd e gge
FA Bt A28 #gzigc) AU FiEE o] AR o
Z 2 7 doliM E€/EY olz0] =1 et FZ B0l
FIEgol AW AUFCR BRI AFHOZE HRES &
HE B4 221 dBEE tiEE S sl diel
RARZ AZ¥Erh 112 1289 &7 2ol Brglo] A
A FIEE FX0) 71 22 71BOE JIER Ad JHE =Y
€ UEMZ] FTHI SISO 2 dFolME EEDHE A%
oldel 71E8 sE7F O BT ol Yoshikawa % 1]
I a4 E29) d7Y RABINICE B dFois £ E X
EEQ BoU JIEE oo ZEd EULER 839 & 4
Zlol 4] metallothionein®] 443 T A7 Ho] BS FEE
ROE WZHEL) 7128 FULEH A G F&5E9 e ¢
T AHE ETY dTvoAE AEY JISE 5Tt 1ol
vl =X em ole FIEEY EULER Qs MUE &
8 FIEEY o) AFo|M 88 = e &g IR o
Foll e JIEgE AFsHe gge 3 ALE Ydoin
Btk I8 2 dToixE wls 79 daFolxg 2ol
olZBE Eato] LIERIA] ket ole 88 B8 AFCE
EFHE FIEEY Yo} AFEl #8E 4 U e 2HSlY
AF71s0l €42 & A WElE 4239

E dFME FIEE 28 FYULER et S4X8)
9 RFAQ! X)FEQ! metallothionein®| =T = &, 7}, 1a8]1
AFolM EF FUeE 27 Nele L 1 T3] vlanr] &
I3 B718IEET ol &I ethyl acetate FEEQ FHoll
oot o & YZHEDt. #H9l metallothionein 22 7HA
Zr] metallothionein §Hgfoll H]a] AHHE O R 2 go|R oLt
EFULE X Jglx A2 L I, T3 Bl 3ZA) 893 zlol7}
RRET 01 RIE ethyl acetate ZEES Foi7} slol] A&
¥ 71=E0] 28t metallothionein®] 44 ¥ AZlTlo Y= 7t
B9 MAHZIMo) S8 F ALSE H1PC). oS AE 1
ol & ul HIE ethyl acetate FEEY Fo& 71280l et
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metallothionein &xjol] 9§t cytosolollA] FI=ES Hel AA
Bh= sdlo) @8 FE Reg 8745 TP TR0 Aol 7}
B g E50F BE] EHE ASKIFIL 71EE o2&
o] F&lElol AUZ S4EE #, 2|1 FRA7IQ a4
oA 71289 MAHd 71dshks AR 479t JIEE #
gl EMol} thdl Blo} 7| ollA] metallothionein®l 0123} 71& Wi
2ol| ZAoA] %2 metallothionein ST SEOIAH WA
WE)ElE o)Fol AL 4 AnY. 42HE B JIZEY mES
A1Z10] Aol Wt MelZ I I, 221 oA & E716k= 28
0] AT thHS B¢ 71289 vl 2 A|710] Kol wet A
gie L 1L, J21 2 MellAE AA8] 718k dEol AR &Y
L& thx oA olEis AEE E 4 /I £HE B6H 7
B s e vy B2, 245 EVY a7 AU ol
B 8t JISBY B e s EPY o SARBIS
U 2435 BV dToE tha THE QS LRI FIE
B SULEY x7lo, V& JIEE gA 439 o7 gt
HOZ9 EvE BX 7] uiFd, tiHE B afld S MAY
FQ3% d2ot 420 GEE ST AlA(biliary excretion)
T4 EFo) UE6M JAEELE S0i717] ol 0]Foi%
Cha gt ¥t HAEEE SHAIEY, v AHE B3 il
e g EYaA VoL sk B QoM T ozt ol2id
ATEE B £E AU FEHoe gt ols & @7
7} 7IEE dOiZES EYUE ¢ LEOV] WEd tHe &
ot 71289 AR AAR Hrie ~aHE &% JIZE9 AHATL
AuiEolir] mEel ALZE YTt

B oA FIEE o280l SUE 7o) thd] &
ZE ethyl acetate £2FEE Fot 23 22 128 559 &
HollAl =@, A7, 74aL J8)13 ERNollA FIEEY HAH0 dEke
ZQ) © 11 metallothionein®] #&olA] 7+a}, A1, 811 slollA
FIZBOR Qg 549 2l B F ASE 4A¥tt. I
211 AEE71ET AlojdF ol Fake FAUIL A Hbe
FX T H2e FAUCH FRTA JIEE 552 ERHCE A
Fa7E BT HEEA B0 ol SEHA UAIR,
CaNaEDTAS} ZZIoIE Qo] ZHE]oi 2 DimercaprolS
AF EXE E7I717) tEol FA3ld A18E A Ailshl
UCt. AEEEollA] CaNa;EDTAQ} CaNa,DTPA Z+2 Thehiz
o) EA (polycarboxylic acid chelator)7} 71280 &89 & &
Al BOEINS ol EIHY 4 Yok 217 e 285k
T ZHCIEAI TR 2o BEE wWE] EX57] uFol
LYO|E QS A7l Akl wzt S48 37 Yoiritt
I s 02y 2o ZFOIEMS BoE 240] £ E2F
% 7¥s8h we) Aasjojor STk MARANFolAE AU
7128 &= uigl EEd g3t XEyQto] itk sl 9
&8, ZoHH oW xR ERHUS BEFHL UK.

2 AFolA] ZKIE ethyl acetate REEQ Fod 7IEE
dZE EUZolA 2F 9 FI=Fol it 7+&, 4, g
I 39 EHABIFIT B AA Fake FReH ool tit
Fag 71dol tislAe F719) I8 ERE St

a2 &

FIER9] EUS4 £E FEE9 g3 IF5LLA &
F EUZZ UZEH MIFS 1€ 6417, 13 53], 121
477 BI7VE 7IEE oo 2 FULSAIHCE FIEE oo
289 A71E ke 0%mg/m, AEESATLE S 248um, 12
I 71BIEEB AR 1.850]R 3 1219 MelTol tig % 5
g9 5789 Zile tSn Zrt

ANEE7 VL 4Ao)83Pe Al oA 159.29g/4
weeksS} 2| IolA] 18.45g/dayE 7HaF =T B FAE
HelZ oAl 1.31g, 7Hael FAE AEla ol4A] 942g, 12l
AF9] BAE MEl2 oA 221g2 2 71A =T HolA =
B e AelT MolA 3550ug/g2 8 718 23 85 71=
B 5T ARk MollA) 2720g/ i 2 71 LT} AEIA 7
EE 5Te Al oA 22.09u5/gC 2 7HE LRI AlAlA
9 FIEE sEe NelT MolA] 24.82ug/gC 2 71E LUT) F
H ANE FITE 5T 458 X HolA] 135/ 2 71
EUT FE UHE JIEE ST 27 4FA Nl oA F
8l 1.114/g2 2 7Ha EUT) 319 metallothionein L& A2
T MoA] 31.85ug/g2 7Va EUTE 1HAS] metallothionein &
TE Al MolM 205.77ug/gCF 7MY &L AFolA
metallothionein EE &= Xzl oA} 206.55ug/gL 2 718 =
QM) Het 4X)E Ko MolA] 38.26% 2 7HaH =9k Hb 4:X]
£ AelF Mol A 11.63g/ &L E 71& =Tk RBC Al XNk
oA 7.68x10°/m Q.2 7Ha EQ3 WBC X1 Held 1ol
9.85%10°/mr Q.2 7}& EUTL

#ake 2

0] =22 F4)$t=2(Brain Korea: BK) 2141{0l Q)30 S8z
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