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A Study on the Preventive Effect of Kam Doo Decoction on
the Subacute Lead Toxicity in Rats
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Graduate School of Public Health, Seoul National Unversity

ABSTRACT

This study was performed to investigate the preventive effect of KDD against lead toxicity.
KDD of 133, 266, 532 and 1,064 mg/kg were administered twice to the rats of Sprague-Dawley
strain and then 300 mg/kg lead acetate was given to times, respectively.

1. The 8-ALAD concentration in the urine showed 10.6~16.4 mg/kg in the control group indicat-

ed statistical significance for the experimental group II, III, IV, V (p<0.05). Also, the Copro-
porphyrin concentration had 0.119~0.226 ug/m/ in the control group indicated statiscial signifi-
cance for the experimental group V of 10 weeks (p<0.05).

. The 8-ALAD concentration in the blood showed 13.28~16.08 ALAD unit in the control group
indicated statistical significance for the experimental group I (Pb 300 mg/kg) of 6 and 8 weeks,
for the experimental group III, IV of 8 and 10 weeks, and for the experimental group V
of 4 weeks (p<0.05). The 8-ALAD concentration of experimental group I (Pb 300 mg/kg)
group was inclined to decrease during the experiment period. The 8-ALAD concentration
of experimental group I (Pb 300 mg/kg) showed statistical significance for the experimental
group II, III, IV, V of 6, 8 and 10 weeks. But, there was no statistical significance in the
concentration change of hemoglobin, RBC, WBC, hematocrit, Ca, protein among the experi-

mental groups.

In conclusion, this study revealed the preventive effect of KDD against lead toxicity and its
mechrnism inferred to facilitate lead excretion in urinary following hinderance of lead absorption

in the gastric-intestine and organs.

Keywords : Kam doo decoction, KDD. lead, lead acetate, preventive effect, toxicity.
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Table 1. The content and dosage of kam doo decoc-
tion (=KDD)

H# Radix Glycyrrhizae 1875
(Glycyrrhiza Uralensis Fisch) 08
¥ Semen Glycine

(Glycine Max(L) Men) 18752
Total 375 g

K 500 miE A o], Akl MEAITIR [
B SES Rt 100T oA 48%E F<t
#hsle] 337 mi& A o7& 2087k 3600 G
Ho 2 SELTHAZ % _HBRE WEstd ~-70
TollA sh5gt Eot A F —8E 5o S
LHpAA 8go BES Ak of Bk WEHE Kk
Rt ¥ AR Rk mEsle] BReR
fEH sl )

4. MMHE

(1) EERT

R®He 4HE BYE std HEES dA
2], 1ol # 1EHE #Eshs ik 28 KiEsk
WL sk a2, 7 HY 'R 2 5
9, 1284 HE#HS H@Esty, 6, I3HA 4HE &
B3 H, UaA S 2 58S Aot o= AR
slod 5o R EHesldch ol9} e K B
ERGTE 808 B 4 ol Ny} BYirHk
-4 #ES ANY & e BHEY AEeS
RS etttz 8 4 ok

M-S DEENES 2 wmalgow, IMEL o
AlA|0) A & AHE-sled 2H M ol HHT& EHEsHCh

KWire REARS HIH 4%+ ZABTY
HERES HE3le 8g/65kg Bl 133 mg/kgd #
EEe) B2 3l o] &9 1, 2 4, 82 HE
B E et HEES 1m/E & o £%£9
BEE 20g 3134 266, 532, 1064, 425.6 mg/
miolc}, o|u] #EAEE lead acetatei#ke] BE= 20¢g
ratell A 94.2 mg/mielc}.

5. R 5-ALA, CoproporhyriniRE, M 5-
ALADAE ¥ m#awMEe ME

Kb 8-ALA i Eke Wada'S FR3IA,
JRrb coproporphyrin  JIE -2 Askevold EEEE™
i 5-ALAD#EE= NIOSH H#:-2 {fHstlo,
Zelx mEpEeMt #HS Technicon RA'System 7
FE (A

6. WHBR DR

X BEe e RO R & #HEEel
Figa) BHEEREER RRSES KER BHES
SPSS/PC* (Statistical Package for the Social Sci-
ences) #iat T2 1YE FIAst %r ST %,
Duncan’s multiple range testZ EHT # 0=0.05
Kigel X & EEREER THiERS AEMHS BEst
ek

Inm. & #

1. HE#2 80| Kkl 5-ALA, Coproporphy-
rindf] O|XI= KR

(1) 5-ALAREE ML

S-ALARE #{tx Table 33} zto] HEH BE

Table 2. Experimental dosage with rats orally treated with KDD and lead

Group No. of Rats Dosage Route
KDD Lead

Control 40 1m/ saline oral
Experimental group I (lead only) 40 300 mg/kg oral
Experimental group II 40 133 mg/kg body weight 300 mg/kg oral
Experimental group III 40 266 mg/kg body weight 300 mg/kg oral
Experimental group IV 40 532 mg/kg body weight 300 mg/kg oral
Experimental group V 40 1064 mg/kg body weight 300 mg/kg oral

Total 240

No. of Rats: Male and female are equal number, respectively.
KDD : Kam Doo Decoction. Lead (as lead acetate) : Pb (C;H;0,),.
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Table 3. The 8-ALA concentration of urine treated orally with lead acetate

with/without KDD during 10

weeks (Unit : mg/l, Mean® S.D.)
S5-ALA concentration in urine by week after treatment

Group 2 4 6 8 10

Control 107+ 1.1* 109+ 1.2* 106+ 3.1* 11.8+ 1.3* 164+ 3.8*
Experimental group 1 (lead only) 187+ 3.2% 268+ 14° 319+ 20% | 312+ 24%*% | 341+ 7.8%
Experimental group Il 142+ 3.5 16.0+ 2.6* 17.5+ 3.6* 244+ 1.0%* | 310+ 4.5%
Experimental group I 164+ 217 116+ 2.1* 15.0% 4.1* 22.1£ 507 27.0+59
Experimental group IV 127+ 3.4 14.1+ 1.3* 12.7+ 4.1* 15.1+ 1.4* 186+ 0.8
Experimental group V 74+ (.8%* 96+ 0.8 11.1+ 3.9* 17.7+ 5.4* 228+ 2.7

*Significantly different from experimental group 1 (lead only) at p<0.05.

#*Significantly different from control at p<0.05.

Table 4. The coproporphyrin concentration of urine treated orally with lead acetate with/without KDD during

10 weeks (Unit : mg/l, Meant S.D.)
] Coproporphyrin concentration in urine by week after treatment
Group
2 4 6 8 10

Control 0.119£ 0.025* | 0.133£ 0.035* [ 0.170+ 0.076™ | 0.178+ 0.038* { 0.226+ 0.082
Experimental group [ (lead only) [0.266+ 0.009* |0.343+ 0.094% {0.495+ 0.119* | 0.357+ 0.011% | 0.389+ 0.049
Experimental group 11 0.216+ 0.032%|0.305+ 0.043% | 0.417+ 0.132 |0.292+ 0.045 |0.363+ 0.077
Experimental group III 0.214+ 0.051 |0.284+ 0.104 |0.298+ 0.136 |0.409+ 0.066* | 0.319+ 0.076
Experimental group IV 0.149+ 0.008 |0.208% 0.117 |0.232x 0.089 [0.320= 0.045% | 0.283+ 0.058
Experimental group V 0.133+ 0.008 |0.200+ 0.067 |0.326+ 0.083 |0.246+ 0.191 |0.243% 0.052*
*Significantly different from experimental group I (lead only) at p<0.05.
#Significantly different from control at p<0.05.
ol 41 10.6~16.4 mg/kg #tox vhepskedl, o] g kel M 4, 6, 85 Aol ghEithel A AT BEIEEL

BEREY I8 300 mg/kg f2Uiin ;A EEREY 1L
I, IV, Vel 4} HiatBiy)o s fiEsek sh(p<0.05)e]
o} EHERE (34 300 mg/kg FLELEDS 18.7~34.1
mg/le] e EEElsel fetds) Mhstalch
wh, FEREE (85 300 mg/kg HRELED R EEsLE 11,
L IV, Visle] el A 55eif 2] 4551601 2.6
mg/l). 65175+ 3.6 mg/l), 85244+ 1.0 mg/l), &
Bt 1119] 45-(11.6% 2.1 mg/D), 65(15.0% 4.1 mg/D),
HER Ve 437(14.1% 1.3 mg/l). 67(12.7+ 4.1 mg
/D, 87+15.1+ 1.4 mg/D)2} HEalY Vel 25574+ 08
mg/l), 479,608 mg/l), 67111+ 3.9 mg/)), 8F
(17.7+ 5.4 mg/D)ol A1 Fa B o 2 HiEMe) s
SeHp<0.05). wheba], Hug L2 NG fe
I(& 300 mg/kg #:HLEH @Bl 11 1L 1V, Vﬁ, 2]

RcEl, EwEeEr IL 1 IV, VRIS H98 BE

o]

ojgh gbigi e

AR}

(2) Coproporphyrin&/g #t{
Kb coproporphyrini@f ##{l= Table 49} 7o)
AR ] ol 4] 0.119~0.226 yg/ml F+o & e}
whe- FEEE IGh 300 mg/kg HERED T}

whi=dl, o]

s,

2, 4, 6, 874 #itBheR HET Hp<0.05)
olrh. HEEEE 1(8) 300 mg/kg HEREH)-S 0.266~
049 pg/mie] ghog veh, 2, 4, 654 2 8
hngjent 8, 107Aole= Fbshadch 3 FEREE
(8 300 mg/kg BBV EBEEY 11, 1L IV, ViEe]
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Table 5. The 8-ALAD concentration of blood treated orally with lead acetate with/without KDD during 10

weeks (Unit : ALAD unit, 1 pM PBG/min 37C & A8l enzyme® A %k, Meant S.D.(%))
8-ALAD concentration in blood by week after treatment
Group
2 4 6 8 10
Control 1328+ 3.57 | 1540+ 1.97 | 16.08+ 3.95% | 13.01% 1.75* | 14.29+ 4.47
Experimental group [ (lead only) | 1320% 150 [ 12284325 | 1090+ 424* | 1054+ 097* 1139+ 2.47
p group y ( 99) (79 ( 67) ( 81 ( 79)
Exverimental groun 11 1268+ 500 | 1328+ 4.16 | 16.36% 3.03* [17.55+ 5.01#*(19.08+ 4.01**
perimental group ( 96) (108) (150) (166) (167)
Exverimental - 1349+ 235 | 1633+ 4.64 | 17.02+ 5.29* |17.14+ 4.07%*| 19.48+ 4.40**
Xperimental group (102) (132) (156) (162) (171)
Exoerimental v 14.99+ 2.49 | 12.88+ 3.23 | 14.07+ 3.21* | 20,05+ 4.40%*|19.19+ 4.02%*
Xperimental: group (113) (104) (129) (190) (168)
Exverimental groun V 1526+ 3.16 | 12.26+ 2.78% | 16.03% 3.80* | 13.35+ 2.16* | 15.90+ 4.88*
perimentat group (115) ( 99) (147) (120) (139)

*Significantly different from experimental group I (lead only) at p<0.05.

*Significantly different from control at p<0.05.

fErErel et

2. HEZBZ 80| SSMmmEE X mANME #4801
ofxle ¥R

(1) S-ALAD# R L,

5-ALADEE #t= Table 591 7o) HARErS)
Bl A 13.01~16.08 mg/kg 3to 2 el of
e EEEE (55 300 mg/kg BEEDS] 6F(67%),
8T BLR) N A fitBme s FET AR e
o (p<0.05), FEEEY 112} 83(17.55+ 5.01, 166%), 10
19.08+ 4.01, 167%), EEE 9] 83(17.14+
4.07, 162%), 107(19.48+ 4.40, 171%), EEE IV
83420.05+ 4.40, 190%), 105(19.19% 4.02, 168%),
HERRE Vo 47(12.261 2.78, 99%) Aol =3+ HETH
£R7L ol slthp<0.05). EEEE 185 300 mg/kg %
HmEn T} wEeEr 11 1 IV, VO Hoiiell A EERE 11,
1112 6, 8, 10(150~171%)5, E%EF IV, V9| 6,
8, 10(120~190%)F-<ll A Hat8rel HEM A
2vi(p<0.05), BEEE I(# 300 mg/kg HEEEH2] &
ALAD#EF = EEIUR] S @153 B st
o) slxich =k, FEsEE IL III, IV, Vel 6, 8, 10
Aol A= IR S-ALADWERE B o} =4 vtebge)
w2ty Hog REEs ERBHF [Eh 300 mg/ke
#EEp e nlael A 6, 8, 1052 &tkell £EY B
st e Ee, BRI UL IV, Vidiel Hag
2R 93 BEIMES] ER+E gidth

(2) Hemoglobinj#fr ##(

M hemoglobini@/& #{t+= Table 63} o] ¥
mapte] el A 13.2~165mg/dl Apole] grom
viehd, EEREE 1(85 300 mg/kg #YELER) 2] 12.5~16.1
mg/die} HEel A HETBeR HESHR] W@itn
(p>0.05), EEREF 184 300 mg/kg FYERER) ) HERRE
I, HI, IV, V9] Rl M= HE3HA @sicip>
0.05). &}, If17h hemoglobin®) & e 2, 47A
EERE 1L 1L, IV, VoA M E #inglet, 6, 8
10549 & FBFddE H308 HEL oA
vl A2 fwnshe ek webd, HES
#H7E it hemoglobindll 53 WEHIHE S v
A7) B ZoE vepylch

(3) AMiEREE L

Mish FMERERE ##{te Table 73} 7o) HfEE
o 4] 523~7.71X10° cc Alo]9] Fto 2 FEEEEF I(3H
300 mg/kg FELER) 2] 5,13~7.59X 10° cco} Holl A
HetBe 2 HESR eknl BERREE IEE 300
mg/kg ) EEEE I, 110, IV, VR(4.91~7.78
X10° co)o] H#zol My HESA oddrHp<0.05).
e, e RImERe] S BER 2, 457 BRI
I, III, IV, Vol A R #ingle) 6, 8, 1054
HESEE 1L 1L, 1V, Vol A& Et8sA ®insks t
fol lddch webs, Higg Bl mar ARimEkel
HES #HNEE vlAH] Eile WeR ek

4) AmERRE L
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Table 6. The hemoglobin concentration of blood treated orally with lead acetate with/without KDD during

10 weeks (Unit : g/dl, Mean+ S.D.)
Hemoglobin concentration in blood by week after treatment
Group 2 j 4 6 8 10
Contro} 132+ 0.8 150+ 25 162+ 12 159+ 1.1 165+ 1.0
Experimental group I (lead only) 125+ 1.0 16.1+ 1.0 155+ 09 159+ 1.2 156+ 0.7
Experimental group II 13.0+ 09 1561+ 1.3 158+ 1.2 17.3+ 3.0 157+ 0.6
Experimental group I 124+ 08 166+ 1.5 15,7+ 2.1 16.0x 0.7 156+ 0.6
Experimental group IV 123+ 0.6 162+ 1.2 159+ 0.7 159+ 0.8 162+ 1.2
Experimental group V 128+ 0.8 164+ 08 153+ 1.0 155205 162+ 0.7

Table 7. The RBC concentration of blood treated orally with lead acetate

with/without KDD during 10

weeks (Unit: X10° cc, Meant SD.)
RBC concentration in blood by week after treatment
Group
2 4 6 8 10

Control 5.23+0.34 6.12+ 1.48 6.90% 0.96 7.38% 0.62 7.71+ 0.49
Experimental group I (lead only) 513+ 0.34 6.86+ 0.40 6.83+0.94 7.59+ 0.38 751+ 0.54
Experimental group II 5.19+ 047 6.46+ 0.76 7.10£0.78 763+ 047 7.55% 0.22
Experimental group III 507+ 0.28 6.84+0.39 6.89+ 1.67 7.48+ 042 7.64+ 051
Experimental group IV 491029 6.91+ 0.67 7.391 0.52 7.13+0.46 7.60% 0.38
Experimental group V 530+ 0.31 7.32+ 0.66 7.11+0.71 6.96+ 0.44 7.78+ 0.65

Table 8. The WBC concentration of blood treated orally with lead acetate with/without KDD during 10

weeks (Unit : X10* ¢cc, Mean* SD.)
WBC concentration in blood by week after treatement
Group
2 4 6 8 10
|

Control 16.6+ 5.2 141+ 95 185+ 5.4 16.3+49 105+ 35
Experimental group [ (lead only) 16.1+ 5.7 115+t 44 19.7+£ 9.6 141+ 35 10.0+ 3.1
Experimental group 11 156+ 2.3 124+ 4.6 154+ 4.2 157+ 4.1 9.8% 2.8
Experimental group III 17.2+ 8.6 127+ 4.1 142+ 21 17.0£ 3.1 124+ 39
Experimental group IV 152+ 35 129+ 39 212+55 129+ 23 140+ 4.2
Experimental group V 154+ 48 142+ 44 154+ 48 16.7+ 3.1 145159

mrh B #{ts Table 83} 7o) HIREE
o 4] 10.5~185X10° cc rtel9] oz viepytedl,
o} -2 FEEER¥ I(Bh 300 mg/ky ZELEHS] 10.0~197
X10° cco} H#gol M FitBRIo= fHEshA W@t
tp>0.05). &t EEEF 135 300 mg/kg HHEREH T

e 10, UL IV, VES el e 483807 9%
SreHp>0.05). v, mb EmEke) g E5 6
FHAE oo Bbshks el A e ~Es A=
odokeh whebd, HE® L md Akl HE
) BEEEE vlH R Esle Ao® vehyr)
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Table 9. The hematocrit concentration of blood treated orally with lead acetate with/without KDD during 10

weeks (Unit : %, Mean* S.D.)
Hematocrit concentration in blood by week after treatment
Group 2 4 6 8 10
Control 35.1+ 26 368t5.9 420+ 37 40.0% 2.6 427+ 28
Experimental group I (lead only) 33.6% 34 38.1+32 39.2+ 3.3 403+ 3.2 389+ 14
Experimental group II 346+ 31 392+ 48 39.8*5.1 412126 396+ 1.7
Experimental group Il 326+ 21 39.1+ 22 39.1+9.2 405+ 24 365+ 18
Experimental group IV 323114 389+ 3.6 424+33 346+ 126 394+ 25
Experimental group V 343+ 24 40.0% 3.2 384+ 3.1 394+ 21 [399+28

Table 10. The protein concentration of blood treated orally with lead acetate with/without KDD during 10

weeks (Unit : g/dl, Mean* S.D.)
Serum protein concentration in blood by week after treatment
Group
2 4 6 8 10

Control 64£0.2 6205 6.3+ 05 6.0+ 04 58+ 0.2
Experimental group I (lead only) 6.3+ 04 6.1 04 6.3+ 0.4 57+ 04 54102
Experimental group II 6.3+ 0.3 6.1+ 05 6.0+ 0.6 6.0+ 0.2 56+ 0.5
Experimental group III 6.3+ 0.5 6.0 0.5 6.0t 0.6 6.0 0.2 5.6+ 0.5
Experimenral group IV 6.3+ 0.3 5.8+ 0.8 6.0+ 0.3 58+ 0.5 56+ 0.3
Experimental group V 6.4+ 04 62+04 62+ 0.2 54+ 0.6 54+ 04

(5) Hematocritigg =t

M hematocriti®E @t Table 92} Zo] ¥
FEREell A 35.1~427% Abo)o) Fo = BEeR 183
300 mg/kg HEEEH Q] 33.6~40.3% 9} HeEr) A #iat
Bryo 2 HEsta &okrhp>0.05). =3, FEE |
(87 300 mg/kg #EERED T BEeRE 11, 111, IV, Vil
M HEME] Athp>0.05). Lejv} s
hematocrit®] zt-S H% 2, 4% B I 10, 1V,

Vol A HHE & Emac) aebd, HEg s}
Hematocritoll #3E3 BIEEE »1x%] Sshe=

Rnog viepbyl,

(6) EEHEBEE BHL

i HFIEEE Bttt Table 1037 3ro] $
Bfoll A 58-~64mg/dl Ato)e] Frow FhEREF 138
300 mg/kg FXERED Q] 54~6.3 mg/diFt Hagel A #
it 2 HESR WattHp>0.05). 3k, EERR
13 300 mg/kg $FEREH D ESAF 1L 11 IV, Vil
A e HEsIA] el (p>0.05). 1Eivh (b

EEBY e B 2 4, 6374 H®EE I, I, 1V,
Vell 41 72) ko) glolot, 65 Lifke] flEfis
movetelc) webd, HEE EEE b KA
HEg #EE el o2 e vieldr)

(7 e ML

M ZRIE #4bi Table 112} ko] HHAY
A4 0.04~0.78 mg/dl Abele] o= HEERE 1A
300 mg/kg HHLEH) 2] 0.03~0.79 mg/d/ =} HEREE 11,
I, IV, Vo] $IREE ol M fFatBipe s &5
3} oroktHp>0.05). =& HEEE 138 300 mg/kg
R D EEREE 1L IO, TV, VHe) Hrolde &
AsA odadrhp>0.05). et i 2hre] gt
HWER 2, 4, 65A EEREE IL UL IV, Vel A9
7t lded, 87dol Z%E FEHo) 103
Hol= 2o E¥skdch wels, Heg s 4
T H5e s ez ke ez v}
[2ave=1
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Table 11. The Ca concentration of blood treated orally with lead acetate with/without KDD during 10

Sun Dong Lee et al

weeks (Unit : mg/l, Mean+ SD.)

Serum Ca concentration in blood by week after treatment

Group 2 4 6 8 10
Control 0.781 0.04 0.75x 0.05 0.76x 0.05 0.04+ 0.05 0.33+0.27
Experimental group I (lead only) 0.79% 0.03 0.784: 0.04 0.76* 0.05 0.03£ 0.04 0.11£0.19
Experimental group 11 0.76+ 0.05 0.76+ 0.05 0.78+ 0.08 0.05+ 0.05 0.38+0.42
Experimental group I 0.77+ 0.05 0.83% 0.05 0.75+ 0.05 0.05+ 0.05 0.23+0.23
Experimental group IV 0.76% 0.05 0.78+0.04 0.71+ 0.06 0.03+ 0.05 0.06+ 0.10
Experimental group V 0.81+0.03 0.79% 0.03 0.77+ 0.05 0.04% 0.05 0.05+ 0.07

V. E B

SEMPE-S FEY $he) BYERE o) shvid,
g N2 Fold $he o] 2AREES] # =& fi-he-
moglobingg GikER 2l o, %ol carboxyl group
B9 ligande} #5H3ted 7ol Erbd’t R 17
g™ wela, hemoglobin 458 i@fRel] BREE &=
ofe] BHRES M = F7 EEI EEY)
Hedl, giel B hEfisEs P 5-ALADMK
>, erythrocyte protoporphyrin(=zinc protoporph-
yrin)l@hn7t vrephobe, fReRe] §-ALAME N, copropor-
phyrin A1, hemoglobinf®/, fifi 22y &&
MEEY 518 X AL 8ot JehtA] flohlos
A 2 $h-S 105 59 200 ppme] £ U= HKHE
BHEhE hERE ] S-S 5450 B
EOE Vehls e 25ppm o dE Al g
b el Bl o gnel K FEHIR
Ry wlg- ol AL 9le fHEe] ok

1. 880] FR2| 8-ALA, coproporphyrin®l| o|%|=
EEo HTB2 BENER

fhe MEFR S55F BES HES7] i K
dioll heme & A4S Rty 8-ALA, copropo-
rphyrinigo] HhnstA Ak Ziegler 2500 Bipt
ol A gnel Whigel BEfte) RAEH BFTEel X fhiel B
Huge) 0.83~22.61 pg/kg/day(‘T#9 9.43 ug/kg/day)
o 4] BR $he] BEfE-S y=0.0493X +0.5542) @5
HEAE A, o HERRCr=038D7F
b o) old #% = hemoglobin &G4 A
@2l 8-ALA, coproporphyrine] $hnstA =rc}
= B B S) filmiell A 8wl 8-ALA<} copropo-
rphyrin@}2] fHEE-S by & 5 ok

& BEgEe] Kb 8-ALARER ) A= EEEF 138 300
mg/kg FEREE) 18.7~34.1 mg/l3}+ BEEE 11, 111, 1V,
VIEN74~3L0 mg/D2 ftgel s 10548 protbat
Bl gEMC] REEANP<0.05). 3-ALA2
Kep BEfERE AY @dler) 1058 23
wndledl ol&l fFHRE Klassen %99 5-ALAHEM
R —wEstde HEY —HEIA Yew®s §
%W &Eﬂj']&:—g—i i‘l—’FM] 20 mg Pb(czHgoz)z"gj
Feste], [Rehe] §-ALAEe] 2.033~24.77 mg/l(d~
¥ 2420 mg/DE ol B 2290 R
5-ALACY v|xl= WS FRs] 98 HEgs
fRE R RoEEdS o Fd 5-ALAV} 2206~
6.633 mg/l(4 1143 mg/) = A& wbsiact
A Hudch o] HES HIBES FAHS -3
gscaldl, 2edvich HIEE S-ALAZHS —gshx]
stovt JReR B-ALAZEE WEHC) HEsHA B4l
7tk BRE d¢lcHTable 3 &x),

MK coproporphyrinigBEsi kol A HEEEES] co-
proporphyrini@#f&+ 0.119~0.226 pg/m/ o= 1}
e, o] 2 EEHIF 1(3h 300 mg/kg HEEE)
0.266~0.495 ug/mi=t 2, 4, 6, 850l A #iztly HE
el A eHp<0.05). EERF 137 300 mg/kg #Hi
9 JEh2) coproporphyringte] 2, 4, 65l 4 %%
sgmmalovt 8, 107 7t Wt E,
EEBEE 185 300 mg/kg HELEDH I HEREE 11, 111 IV,
ViS] tgel A BREE VY 107495 Bitsia
HEML itk 28, coproporphyrin®) JIEH
= EEsEf [(8F 300 mg/kg HEEFH) FEGEE 11, 111
IV, Vo] 583 £8= ddxwh &8 2, 4, 6, 10
Foll= BEXR o3 @by} JtebdcHTable 4
#F3). M2 £ o 5-ALAS} coproporphyrin
Atel o] FERAMES Folol sl K MRl %
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SRS RSl (r=0.4353, p<0.01) Fo} Zie-
lhuis®) #FFESPel ojAl2 —gslodch =3k Kb
L IR §-ALA Y.} coproporphyrine] ©
{Z#atto] olcks Torben®™2| EiH-& #1E3 o K
e o) #558 o] Fo] U=l R} oli= #ield,
5-ALAS] HEft Ebol RS wizle ERES
Ca-Na,EDTA HsB#¥E 2 c} ascorbic acid2} [l
s o o AERRyelzhs Rl HE g
8-ALA, coproporphyrinell v]%|3= B8] ofs)] Zvi
prscellol & Zio® Hxich

2. $A0] EMMAEE N mAMME #48el o|Xl= &
2 HEZ82 BEER

RS AEMes NI HEEMEAAS F
HA 2 i%"& 3o k™ wimHF 24 pyri-
doxal phosphateE 731 9l heme glycined}
succinyl coenzyme A(Co-A)RYE] A== o 2]
BEE AR 5 eA e R Hi) hemefnl s 98l
fEo ek Mg opA R Bl Ae v R =e] o}t
o ] o] Foix)a, hffti= MMRE A o] Fo %l
o}, oled REET BHEE BER el 57w Eatlidl
e fakslcl. &, 8-ALAD, heme synthetase
(HS)= 7}#F fstsl «, Kol amino-levulinic acid
synthetase, uroporphyrinogen decarboxylase, cop-
roporphyrinogen oxidaset #ioll gt [Efiel
fELalc), o] & b 270k BoEe wix] 9b=dl por-
phobilinogen deaminase, uroporphyrinogen cosyn-
thetase F*Wolr} 12}, $4-& AEMWEMSE moni-
toring3}7] ¢1%F E&el ks #8s 8-ALAD %
PEE o) o) whebd, Rt R NG mukREfH
heme A0S BERLE #IM, #MER FHiy W, eryth-
rocvte Na-K ATPase?] b %579 %k} vje}
vhe], Hhfth Mg chel ode] hR] AR LBy 1REe
g vy ed mpge- fie) A:BERE)el &
g e shedl, mE hoR MR #Hel 94
Ty FRMUERS} #E43le] ol Fslrl dfFel AR
A 7F=1 )5 Hayashi®™& #HREl Bgar <17 Wis-
tar Sl gobbE E3le] B8 500 ppm KEELE &
o ifirbie] S-ALAD LA 7] B sl 74.8~
82.7% =il e, A7) FHol A= 59.7~73.0% #1
wsickss Wi Ack =gk Mautino %72 7.75 ug/
moli&I¥ 2 ring-necked ducke] 15 A& LY
2 o e ghel REVE Ranel @dlem §-ALAD
WLt 2F 85% ik WRirsked o, Morris
w590 Hidtte] Qlas olglele] Bl A 16 pg/die]
el 4 8-ALADEHENE7}F 50% M= ddckar

HEHch oMY fholl PFET S-ALADEHfE7}
50% LAE KFEe ez HEEHY doxx
sle=dl, & EEol A= HIER100%) T HEN-S o
1%Q254), 21%A4F), 33%(6F4), 19%@6FH)
)3 21%010FA) ) @h7E vieht B Eel 5
Etol AT} glglefw

olxa] o} PR o Bibdy, e, R
ek, HhE e £ ER dFel EHE Y
ok WAL EHEMHE B Ml ol
““PE A ohE HEI WP R PgikEEd ol

T RV wlEkdch gl HWEEER(13,01~16.08
ALAD unit) 2 EEEL 11, 111, IV, ViEI(12.26~20.05
ALAD unit)®] [tEgel* 8-ALADiGME(E= 96~
190% #iglel #t= of 58 EEE 188 300 mg/kg
FEPH R L EEEE L}E’rL AL BRI FHR
AdrKTable 5 3). old #iHe HTHS HEH
el Bele 8-ALAD9] 71 B HE s
B4 # amine 0.5~8 ppm, levulinic acid 0.971~
3559%7F &4} d+=dl™ §-amino levulinic acid<}
SRR v)age i [NEE 5-ALA HEEHY #
7} ohd b Y zhgich shuksbe, mehe) 3-ALADS)
HlEgt Dbl mpge] fnhE ALY fRiEe] &
E7F gld>] wifelck &, ghe] #Hikel &S 7|
A 2w, HPE &2 ﬁﬁﬁﬁi I8 300 mg/kg #
HEH} 48] ¢llem(Table 10, 11 3=
w2 A Z2 Blsle tEEel e hemoglobm
FRIMMER, FRMEK, hematocrit % MKIEEEE H
Bpto] vlelbz] edgtrKTable 6~9 %H7).

olx]& K ol A I 5-ALADGHM:(E S
o2 (LB fEERel A EEREF 185 300 mg/kg
Hpp ko) HEtke] #Hlsx o4& 712 Coulehan
%™ Fine % Suzuki ™9 #sel --Fsksich
ol 4l fhel witel Bt A% Wtko] Ao
RO M) #be 854 1%(10,000 ppm)
Ehsle RS Wi 5 8Tkl Jehd ERE
B O Mg #eE ebdnke § R
#o] ohirly Azpgich wpebr, HGE K7L
o] §riggtkel »ix+= e A9 qlcta 47}
=, o] 8-ALAD 2] (b= 8-ALAD 9 &t
Hew iy 92 amine, levulinic acid?} 8-
ALADEEERIS 8FA] odshvt A 2h=]o] o] 5o of
we Ml dad Zog HEEr

PRI Sl e} i, s e
R (FHel low, i, 1Bk L& ﬁ’fﬁfi,
felt, BT, Waw Bk %9 LB (EHe 2
2-PAM, dipyroxim, biodoxim#-& £H 3} il iﬂ(%

Rot Rt
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E 7R A Qe LS MEBER % 24 S
SERCE? A FrhA] delAl gndt BN AR
2 A2 (LBH fERY Ca®, Zn*' o] 23 PH?
"ol Wit LB HES FIRSH MmO
Brolth? oladm g fhyt BIBEMAA HER
R fEHSt] Wik E HEICL =3, AfBHA
B = 343k 2 F-x14l hydroxy acid, ho-
rmone, conjugated diketones, B]€}3), porphyrins,
otm)X 4k, polyamines, EEHE, %M EHEE Fo
ok 85 EEHE B, methionine, glutathine, ca-
sein, glycine, glucose-6-phosphate dehydrogenase,
B, Bs, By, Bz %, £3] -OH, -COOH, -SH, -NH,¢]
ligand ¥3&-8& 3= radical group¥} #83h%3 meta-
llothionein-like proteing f4hksted & HtS W
beo} Bt (AR ™

X B UG awtt BBl vx|a= B
e bEcel fEEkEe H—sdn B 5 gl
I olfv AAR HE b HREEs o] plisel
ZhEa 9lo] EESY i, EAE HuE Ky
dhell BES EAE, velul-A, By, By, By Fo) 9lod
A wt ek, AR o] 3-ALADE
Brotet BERRlE HA S B HRHEY &
B FFE7 YehdA] egtovi(Table 5~9 =),
A2 HTE Fo BES EaHd Zao] HR
el ZEHY ZeEdd £ AR e £
FZ E o(Table 10, 11 #x), BEBHEAANA -
EOH HE BRE AR BEEMEHC piEdd
Ao g AyziHch HEgol she] Wlkel AREM
ol A Ffsel-2al Ca’ 3 HMPMHSE #Hosiee
HHE WA B R WGste] itk e
Wk slel WIS fhdsted MELR BHitEl= Z o
B #eegck

V. Bf9 A &5

A Bt%e Sprague-Dawley & oAl #Ett I
THS #% 133, 266, 532, 1064 mg/kgs 23] #
Eialar, vl 7 300 mg/kg S 13 HERsHE ik
2.7 103] 4k EEgste] HEgel itk vA<
BERRE dolR izt ok ol & f)sled Kehe
&-ALA, copropophyrin, Ifi479] 8-ALAD, hemoglo-
bin, FxIMIEK, FIMER, hematocrit, ZH, BEH Bz
£ B3to] dotr At Mg Bl A ob53 22
RS <<k

1. HE#Hot 30| KP2| 3-ALA, coproporphy-
rino]| D|x|= WE

1) WFehol S-ALAES sb: EEREE (85 300
mg/kg HERFH ) BB 11 111 IV, VRIS Heseel A
HEHAE 119 4, 6, 8591 WA 1119 4, 65, HHL
IV 4, 6, 852 HSRE V9 2, 4, 6, 854 #
St R A EMC) e U rHp<0.05).

2) 9] coproporphyringre] gty HEREE 1
(3% 300 mg/kg #EREHT EREEE 11 111 IV, Videl
A EEBREE VY 10549 EElA HEEo)
25 = 2 THp<0.05).

2. HE#®2 $00] EMmMEE % mARE #4E0
olxl= ¥%

i S-ALADERES] BB 13.01~16.08
ALAD unit Afol9| o2 vepdedl o] 32 ¥
WpEwle] thizol N EERRE 1(5h 300 mg/kg FEEREE)
2] 6, 850l M HatBi o2 HES £R7 oo
(p<0.05), EERE¥ 1119) 8 1057 1|3 FERE Vo
45A ol gk HEZ ER7F U ATHP<0.05). B
(8 300 mg/kg #HELEY) =} EE&EF 11, 111, IV, VRS
Hdzol A EEEE I 1L IV, Vo 6, 8 10(13.35~
1948 ALAD unit)5-# #1840 &l ldor
(p<0.05), H58F 1@ 300 mg/kg IEREHS 6-
ALADRE « E%IUHst &183] M 3k fHre]
alsder. 1Eiv}, hemoglobin, #IMER, FIMEK, hema-
tocrit, 2, EEAE EESMEe & HEEHMY 4
B gt} $lsdcHp>0.05).

MEREeR A HiRE Este] HEglel 339
b kol Az o) Sl R HH
dom, 1 BECREES BB RPN A
g dlESI MEC R FES (EHEA A

o HEs
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