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Abstract

Lead poisoning is currently one of the major public health problems in industrialized countries. Several chelating

agents have been developed and used to treat the lead poisoning. It was recently proposed that garlic, having a large

quantity of -5-5 compounds, may react readily with lead, producing various sulfur compounds, and thus provide

curative and protective effects on the lead toxicity. The present study was undertaken to evaluate this possibility in

experimental animals. The garlic treatment on rats pre-exposed to lead significantly enhanced urinary excretion of lead
at a garlic dose of 500 mg/kg and decreased the blood level of lead at both 250 and 500 mg/kg doses. The
administration of garlic 500 mg/kg along with lead significantly alleviated the renal histological alterations induced by

lead. These results suggest that garlic has a curative as well as a protective effect against lead poisoning, thus it may

act as a chelator of lead.
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Table 1. Operating Conditions of ICP-OES Optima 3100

XL

Parameters Operating condition
Gas flows (L/min)

Plasma 15

Auxiliary 0.5

Nebulizer 08
RE power {Watts) 1300
Pump

Flow rate 1.00(ml/min)

Speed (RPM) 18.75
Plasma viewing Axial
Read delay 30s
Rinse 10s, 4 ml/min
Replicates 3
Background correction Manual, two points
Nebulizer chamber Cyclonic

Injector Quartz, 2mm

Vol 11. No.6 (2001. 12) / 545



of
oo,

o
i

AR
ofl
1(:§r

O FEL p<0.058 shTh

do

z

o == 2Fof gt ot
Pb acetate trihydrate= 547t ¢ A7) #Hd s
247 AdsE 2% YR FYe uhE7 EDTA,
DPEN, DMSA, BALS 47t Bl wjyd 4N} =%
g A %S 248 AdE Table 29 2th vhE 500 mg/
kg FozAA el g u) A Fo43 199 294
of 24z} 3.98, 3.33 ug/mg creatinine/day ©]lev} mtE
T 2ol 96424 7 wjE 7o) F49] ;‘/Pﬁ}%l ),
0|32 F 637, 427, 3.63 pg/mg creatinine/day 0.2
FAHT YAAD AR A% FAB ZROE $AH
=

STaT Yy
%98
°|E

o g =0}
e
&

=
=
-

A gk }\]Oi

=0

A&Aoz WA Elo] BITHp<0.01). ThE
A FoiF Hohe ¢ g Tol ARAT FolRE
ABSA Yskeh. 7120 Lei3 LeloI MY EDTA,
DPEN, DMSA, BAL £dZHx So 3} 7tz 13.35,
12.60, 17.25, 14.18 pg/mg creatinine/day ZA 7} @2
& EFS eI o F Paste e nglow
494 FA2 BOE FAR0E folabl o e ¢
A FEE BYHp<00L). 22iu =l 250 mg/kg FAT

% 2a8

AME vz Fof Add 700 ug/mg creatinine/day <
g WALSRT, olF ZAEL Uen, AdF FAT

i

[

oft
0‘&
i

GE5Y -

Hoje g wjdFo] AL gkevt foxe JAHA o
okt

vhEd A o|EA Y 447 T f%
qEE 225 Ao st B 2
= Table 331]. 71011:]_ }_r]d_] ‘ﬁ' o]—EJ;__
A At AAH 5 & FxolA
T A EA Ty ol f9H2l =
T, A% A8 HEF Fo7Y
¥ © DPEN, DMSA, BAL ¥4%F
111 pg/g, 015 pg/g o2 F A7 AR H U THp<0.01). &

g FET Y95 FolTo] 4147 pg/dId AR W@}
ol 250 mg/ke, 500 mg/kg FATL 42 2095 ug/
21.25 ;g/dl o). 01, EDTA, DPEN, DMSA, BAL &
cq & 7¥7h 1895 pg/dl, 1893 pe/dl, 21.53 yg/dl, 23.29
pg/dl 24 A5 FogEc felsid o R $&E
Y At p<0.01). Z2t 73 t}lﬁlﬂﬂ el vhEst
AYo|EA Foie W¥Ee 495 Forge frodF
Q Zpol7} 1A A Gk

T55 F3A AHoE 2y 4%
Fo] wjdd & glonE olg FUsy] fsly 244
Ca, Fe, Mg, Zn, Mn, Cu?| 8j4d3& 47| 52
3t A3, vlz3 EDTAE A3 2 P o|EA

Ade Foza ving o Adegse

Z AoiA FeAtE QA=A Foth. Ca Fed

7(4
g

o3
AX

e

&ﬁ.ﬂi

o

ARE AW Ee
ZF

-

i

=

&

—_

frooi
"

_r

A

-

z
H

b -{m

Tl A A
Ik

O{NEFJ,‘:‘.

Table 2. Mean urinary excretion of lead in rats treated with garlic, EDTA", DPEN?, DMSAY, or BAL”

(ug/mg creatinine/day)

Day
Treatment .
-1 0 1 2 3 4
Saline 3.181040 2611028 271£0.31 2534043 1.90+0.42 1.3320.27
Garlic 250 mg/kg 3.80+0.27 2.70+0.44 7.00£1.71 478=+1.03 3.12x0.95 2.40+0.80
Garlic 500 mg/ kg* 3.98+0.38 3331038 9641110 6.3710.54 427+082 3.6310.84
EDTA 30 mg/ kg* 4.7310.60 3.55%0.50 13.35£1.74 868+1.16 391094 3741043
DPEN 30 mg/ kg* 4.33+0.58 3551045 12.60£1.60 9.18+1.33 485+0.80 2361020
DMSA 30 mg/ kg* 425+0.73 291+0.16 1725214 13.58+2.73 896129 4601046
BAL 30 mg/ kg* 443+0.68 4821095 14.18+1.01 8.76*1.65 628118 6522053

Values are mean*SE. of 8 rats in each group.

”Ethylenediaminetetraaceﬁc acid, 2)D-peru'cillarmne, S)Meso-Z,3—dimercaptosuccinic acid,

4)2,3-dimercaptopropanesulfonate—l—01

*Significantly different from the saline group in repeated measures general linear model (p<0.01).
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Table 3. Lead levels in tissues and blood of rats treated with garlic, EDTA, DPEN, DMSA, or BAL

Treatment Liver (ug/g) Kidney (us/g) Femur (ug/g) Blood (gg/ di)
Saline 0.78+0.22 2.82+0.27 0.87+0.19 41.47+4.18
Garlic 250 mg/kg 0.44+0.07 3.53+0.35 0.80%0.11 20.95+2.38
Garlic 500 mg/kg 0.50=0.07 3.02+0.11 0.98+0.22 21.25+237
EDTAY 30 mg/kg 0.60%0.03 1.9940.26 0.63£0.05 18.85+1.40°
DPEN? 30 mg/kg 041011 121+034 0.76+0.14 18.93+1.78'
DMSAY 30 mg/kg 024£0.11 1.11+0.28" 079012 21.53+248
BALY 30 mg/kg 0.04£0.01 0.15+0.03" 0.59£0.08 23.29+258

Values are mean*S.E. of 8 rats in each group.

1)Ethyylenediaminetetraacetic acid, "D-penicillamine, 3)Meso—Z,E’:-dimercaptosucciru'c acid,

¥2,3-dimercaptopropanesulfonate-1-ol

*Significantly different from the saline group in ANOVA and Scheffe as multiple comparisons (p<0.01).
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(ug Ca/mg creatinine/day)

200 " =+ galng

-m=cgarlic 250 mo/kg
——garlia 500 ma/kg
150 [ - EDTA 30 ma/kq
—— DIPEN 30 mg/kg
—*+— DMSA 30 ma/kg
1001 ——BAL 30 ma/ka

Ca excrelon

50

Days of treatment

Fig. 1. Mean urinary excretion of calcium in rats treated
with garlic, EDTA (ethylenediaminetetraacetic acid),
DPEN (D-penicillamine), DMSA (meso-2,3-dimer-
captosuccinic acid), or BAL(2,3-dimercaptopropane-
sulfonate-1-ol). There was no significant difference
in calcium excretion between each of the 6 treatment
groups and the saline group in repeated measures
general linear model.

{ng Fe/mq crealimine/day)
2r

— salng

—* garlic 250 ma/ka

— qgarlic 500 mp/ky

[ = EDTA 30 mo/ks

53

2 —— DPEN 30 mg/kg
5 —— DMSA 30 mg/kg
% 1 [ ——BAL 30 ma/kg
£

0b

=1 0 1 2 3 4
Days of treatment

Fig. 2. Mean urinary excretion of iron in rats treated with
garlic, EDTA (ethylenediaminetetraacetic acid), DPEN
{D-penicillamine), DMSA (meso-2,3-dimercaptosucc-
inic acid), or BAL(2,3-dimercaptopro-panesulfonate-
1-0l). There was no significant difference in iron
excretion between each of the 6 treatment groups
and the saline group in repeated measures general
linear model.
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Table 4. Lead levels in tissues and blood of rats treated with garlic, DPEN, or DMSA along with lead for 11 days

Treatment Liver (ug/g) Kidney (ug/g) Brain (ug/g)  Femur (pg/g) Blood (ug/ df)
Lead-alone 446061 22747 4.80 0.80£0.27 21.35£1.74 198.30+36.99
Lead-garlic 250 mg/kg 4.69+0.63 2249+3.37 0.49+0.04 28.38+:2.30 185.53+29.45
Lead-garlic 500 mg/kg 3.7110.30 23.09£4.00 0.42+0.08 21.15+2.34 150.66+14.59
Lead-DPEN" 30 mg/kg 2.87+0.19 17.13£1.60 0.32+0.04 18.16+1.61 156.96+10.45
Lead-DMSA? 30 mg/kg 3.84+041 2847+3.12 0.20£0.06 10.28+1.61° 159.05£12.60

Values are mean+S.E. of 8 rats in each group.
"D-penicillamine, *Meso-2,3-dimercaptosuccinic acid

“Significantly different from the saline group in ANOVA and Scheffe as multiple comparisons (p<0.05).

{pg Mg/myg creatining/day)

300 1 == zalne

—==garlic 250 ma/kg
—*—garlic 500 ma/kg
— EDTA 30 mg/kg
200 [ ™ DPEN 30 ma/kg
—*-DMSA 30 ma/kg
—~BAL 30 ma/kg

Wig excretian

-1 0 1 2 3 4
Days of reatment

Fig. 3. Mean urinary excretion of magnesium in rats treated
with garlic, EDTA(ethylenediaminetetraacetic acid),
DPEN(D-penicillamine), DMSA (meso-2,3-dimercapt-
osuccinic acid), or BAL(2,3-dimer-captopropanesulfonate-
1-0l). The magnesium excretion in EDTA group was
significantly greater than that in saline group in
repeated measures general linear model (p<0.01).

o5 Fof Bue ZrlstE o (Fig 8), DMSA ¢ d&
A BT TolHe And dAEY &448 HEE
A2 & ¢ochFg 9). DPENS] 228 #3+E DMSA
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o
s o FRG & HUE) ¢ F34 Aol 1
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(ng Zn/mg creatimne/day)

- saling

B marhe 250 ma/ka
== garlic 500 ma/kg
=#=EDTA 30 mo/kg
2 [ == DPEN 30 ma/kg
—— DMSA 30 ma/kg
—— BAL 30 mg/kg

Zn exoretion

Days of treatment

Fig. 4. Mean urinary excretion of zinc in rats treated with
garlic, EDTA(ethylenediaminetetraacetic acid), DPEN
(D-penicillamine), DMSA(meso-2,3-dimercaptosuccinic
acid), or BAL(2,3-dimer-captopropanesulfonate-1-ol).
The zinc excretion in EDTA group was significantly
greater than that in saline group in repeated mea-
sures general linear model (p<0.01).
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(g Mn/mg creatinine/day)
0.9

—*salng

—* garlic 250 ma/kg
" garhie 500 ma/ka
" EDTA 30 mg/kg
06 —*DPEN 30 mg/kg
) ~*~DMSA 30 mg/ka
—~RAL 30 ma/kg

Mn excretion

03T

-1 0 1 2 3 4
Days of treatment

Fig. 5. Mean urinary excretjon of manganese in rats treated
with garlic, EDTA (ethylenediaminetetraacetic acid),
DPEN(D-penicillamine), DMSA(meso-2,3-dimercap-
tosuccinic acid), or BAL(2,3-dimer-captopropanesul-
fonate-1-ol). The manganese excretion in EDTA
group was significantly greater than that in saline
group in repeated measures general linear model
{p<0.01).

(ng Cu/mg creatinine/day)

1.5 ( -~
saline

“*gatlic 250 ma/kg
~*~garlic 500 mg/kag
" EDTA 30 mg/kg
~ DFEN 30 mao/kg
1 [ ™ DMSA 30 mg/ka
TTBAL 30 mg/ky

M

Days of treaiment

Cu excration

Fig. 6. Mean urinary excretion of copper in rats treated with
garlic, EDTA(ethylenediaminetetraacetic acid), DPEN
(D-penicillamine), DM5A (meso-2,3-dimercaptosuceinic
acid), or BAL(2,3-dimer-captopropanesulfonate-1-ol).
The copper excretion in EDTA group was signif-
icantly greater than that in saline group in repeated
measures general linear model (p<0.01).
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B2 98] A4L dot &0, AW LF FEE LA
7itke ©do] 9& HHd DMSAE ZATE&o 2T 7ol
so] A1, A P& F£9 wdo] A FVEHA F=
the Aol oM AT ZFE w3 = oA elTH3].
oy 9B g @ o4 So BALT Bust HA

[18]. DMSAE 30 mg/kgd) F=olA =% ¢ vjd#
ol Ang drke R o8 71&e e oEAE ©]
Fool ¥ % 30 mg/kg B A7AME B3t
mee) B FEE 19 AARF 60 kg)o] BT 732 g2
AR 97 2260 whe} o] Fe) 2w, 4wl T
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Fig. 7. Histopathological changes of renal parenchyme. Lead treated rat: Deep cortical tubules showing extensive

degeneration and necrosis of the tubular epithelium with intranuclear inclusion (arrow), and infiltration of
mononuclear inflammatory cells in the interstitium (x400, left). Garlic 500 mg/kg-lead treated rat: Deep cortical
tubules showing degenerative and necrotic tubular epithelial cells and a few mononuclear inflammatory infiltrates
in the interstitium (x400, middle). DMSA-lead treated rat: Deep cortical tubules showing intact tubular epithelium
with no intranuclear inclusion. No interstitial infiltration is noted (x400, right).
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