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ABSTRACT

To investigate the defensive effect of green tea against th.e lead toxicity, Sprague-Dewley rats (150 gm) were
divided into 5 groups; the control group (A), the group treated with lead for 4 weeks (Group B-1), the group
treated with lead and green tea for 4 weeks (Group B-2), the group treated with lead for 8 weeks (Group C~1),
and the group treated with lead and green tea for 8 weeks (Group C-2). The lead acetate (500 ppm) was
injected two times for one week into the abdomen and green tea solution (3 g/100 ml distilled water) offered
freely.

The results of histological and biocheical study are as follows;

1. Blood Urea Nitrogen (BUN) were increased in all the tested groups. The Group B-1 was more increased
than the Group B-2, and the Group C-1 more than the Group C-2. The values of Alkaline phosphatase (ALP)
were also decreased in all the tested groups, as such the former phenomenon.

2. In the Group B-1, some microvilli, mitochondria and rER were modificated on epithelial cell of proximal
renal tubules. The cristae of mitochondria were enlarged, microvilli and nucleus were observed normally on
the Group B-2. The number of Microvilli, mitochodria and rER were decreased, many lysosomes and irregular
nucleus observed in the Group C-1. In the Group C-2, microvilli were modificated slightly and other

organelles were observed similary with the Group B-2.
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g2 Ao} AV AolBe] B3I, APo A
AR 22 94, 71E} 3tehgsle) AR, £
W, SR, 5, o] FF, A, AV A,
7 1 ¢tg 2 ALLEHT 9}13}(Alvares et al., 1972).
& B2 AQA EA FHLY FIFEY
shtaA AAd= v A Eh, 3L ok Fl
T EAE doF Ao 2 daelth 29% 4
B AR, $85 £ W7] S EAEE $2 23
71 A% 3% ASE B3l AWl (A £
o]-2 4= 9¢Jt}(Barltrop et al., 1971; Schroeder et al.,
1968).

U2 Sojo: Fe 90%7} we) A=W, 1
voll 74, AR 5o 2Ae| Ex o} (Barltrop et al,
1971). 39 AFAFo] Z71EA xo Hoz wAF
o Z7HE W71 AANE AT F5o Al
pEgos Qs A 2duLe 2Rz v
13ksd o} (Schroeder et al., 1968). QA Wel Fo] &4
g AZYLE ulEske] AR, 25714, 4417)
AR AR Sl A FeAel vehta AAHH
ZA Sol fslzgol ook B3 ¢wt (Barltrop et
al.,, 1971; Goyer et al., 1970).

olAg do] QA wAE el Hste W
AF7} o)F\ R, AN FEFAE 233}
3t oA lx EDTA (Hilmy et al., 1986), BAL -
DMSA (Cantilena & Klaassen, 1982) 59| 33-Ed&
AgstgA T, A2l PN 94 78 4 U
£ (Sheo et al., 1994) ]85} 31 3l

o] Zol|A] x}(Thea Sinensis L) 2R -3hol|
&5t 4ERzoz JEEFIY AY, 7Pl 5

_ll.l o

2 rlo

3 e 75Tl WAL A= AU
3o A, &4 L2 DA Ao (Lee,
1989).

z}e]e] AJRol: vitamin, mineral, lipid, 3& =%
g &43HE 9 714k amino acid7h FH-E el 9l
i, =3} caffein, theobromine, theophylline2- -3}
- alkaloid$} theaflavin, flavonoid, flavanol, tannin-&
345} poly phenolicA#e] Eofg)lc} (Graham,

1992) =3}9] ascorbic acid: 8242 RAA AR

oz gut Ai FE2AF] Al wlms A3
90%7} xHFo] Z Yoz F2YFo ZF e
9] caffein, tannin, 2§28 E3+Eo| LA 2 A
2Agsle Aoz od#A et (Jang, 1986).

a3l ¥F8-5e} gl caffein, theobromine-2 53}
o gelgEos Fag B ohiz A,
g R AZH AAFFE AT Z8E oA
7Im ArEn el wiwg Exsy 4 feixqt
ReEe 5AA AR JAAIT A
an] Zhe ANAAEE Z7HITIH ED Asper-
gillus parasticus®) AFA 74212 wergel s
ql aflatoxin®] AL QA|sl= 2L 3o ¥4
adenosine receptorel] zh&3tchm B wE v (Lee,
1989).

Tannin< phenol7]| & o}gf ¥§3l= Bl &
Z2PAZ B3 PRNE 10~20% FHH Aed,
tanning w3} Agsh= B4& A poly phenol
& Y3 oz @d Ade HYET DL
A A hydroxyl7|oh Sl ge) B4 281e)
25 Y A% W3es weo] a4 ofelnt
WAste 2 ATE ERSRE 294 S 9
& ehd E3hA9] AMEE JAJH¥HF(Cho et al,
1993). Tannin®} A E-Fo) 713 Fad A9 3
vz 2] sk, @k 9 3] Sol WA A7
AE Ao catechinfF=Aoln Fo zgo2e i
e, A 715 3l A4, dkshatg, Aarskat
&, Pt oAl cholesterol A F4> <A, FA] A, &
A% 24 gA|ztge] glvkm deiA 9l (Chung &
Wang, 1993; Goldbohm et al., 1996).

£3] 2192 ARl polyphenold| tannin AJ-EF2]
shtel catechino] o] FF-H qlew o AHEL
23d e 239 4E FIER TAAA 9
FAA =M &2} sicka dEA glg. 2By 2t
% catechin A ¥-0) 71 B2 wPLEA & F2
Az o]4g F F= g3le] whsk A3} wnIse
B QAFe H3F o43ld %3t EEF 43
WA Zshe Gebnaa AIMe 2 A
3} ALP, BUN®] Aj3ehd Agg Adstua 3
9.

7%, ol
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1. A 8

1) dE E8 ,

AZF 150g N8 734 73738 Sparague-Dew-
leyA|2] &4 rat 3502] & AH& (F)ellA] Bopiel |
Fd B F AYe A3 A FES A2 T
njE]y BFdle dz2d, ¢ SRR L, E- A5
Fo2 gl W @5FoZell= Lead Acetate
(500 ppm) & ©]-8-3ted 15:Uel] A {7} Fof3}e]
o F-BX5 e F 9% 597 22 yye
2 ¥4E FA3a ¥ FAT F 1598E AuEd
=3} (B F (F)NE 90°C 274 100mI tea 3 g2
1087 35417 F 3kt A4z FFsS 2
9] AYFELD 45,857 AHS3 o

2. Mgty

1) AEMH

24A)17F AAAIZ F ether2 vIHAIA F9¢ 42
$Aubel A HHE AF 3] 5ml polystyrene cen-
trifuge tubeol] Hol 4087F ALdA 8k A7 F
gal-g 3,000 pmoll A 1583 A FE)sle] A3
3L g F JIA Ao 248 248
A8l A& A&

2) WstetE B2y

(1) ALP (Alkaline phosphatase)&4] 23

Ag el 8A 7uls} ALP kit R, 250 pls} ALP kit
Rz 100 pl& &3t 415mme] A A FF=E
(Hitachi 747 Automatic Analyzer)E 23 3}9c}.

(2) BUN (Blood Urea Nitrogen) =3

A Fdel] ¥A 4pulz} olabEl= UN II kit R, 280 ul
7} o}Ale]l= UN M kit R, 70 wl& £33t 340 nm2)
}A}ellr} F33= (Hitachi 747 Automatic Analyzer)E
FA33kdl=

3 HAIHO|YH HE
NAE ATHY SolA A&aA 1 mms) =272
M| " 8}a1, 2% paraformaldehyde-2.5% glutaraldehyde

A (0.1 M cacodylate buffer, pH 7.4)o| A 2A]7F A
A At F, 59 434S A8k 3
3] 4819}l 1% Osmium tetroxide (OsOs) 22§ 0.2
A7 #3147 5L Y g45Jo= 33 SAE
o A% 542 ethanol A Q3o A] ©43}3, pro-
pylene oxideE A}8-3}e] 2|3A|Z ). Epon mixtured
TrEo] propylene oxide9} 1:1,2:12 3A734 A%
A)Fiev Epon mixture $494ollA] overnight 3 =wj3}
Ao} 28] 3 37°ColA 12413}, 45°Coll A} 12412}, 60
°CollA 48417 dF3st9ic}. Epon block® 1 umz
ubA 3le] 1% toluidine bluez T &, B Hn|A
o2 A BYYE AL 44T ¥ Disto-
meS RH A7) ultramicrotome (MT-7000).2. 2 60 nm
9] zubA & 7hEo] Uranyl acetate2} Lead citrate 2
o|% @Aste] FapAxw]|A JEOL, JEM-100 CX
ez #Fs.

4) EAlxiz|

AP BATA FAHE U4 AFE
SASEA x 2 134 A1L3)ed Anovatest W T-testol]
s AAstden, 7+ Pgle] 0.05 ulke] AL &
28 eFoz FAsIG

T

1. Wess o7

1) ALP (Alkaline phosphatase)
AFL 333+66U/L, B-142 238+69U/L,B-2

Table 1. Changes of the Biochemical values

Group
Bioche A B-1 B-2 C-1 C-2
mical

ALP

333+6.6 238+69 293470 218+6.1*% 26.1+£59
(U/L)
BUN

155459 2961144 245+8.5 35.1+£17.7 25070
(mg/dl)

Values are mean+S.D. *P < 0.05 against control

A: control group B~1: 4 weeks lead treated rat
B-2: 4 weeks lead—Green tea treated rat

C-1: 8 weeks lead treated rat

C-2: 8 weeks lead—Green tea treated rat
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Z& 293+70UL, C-13& 218+6.1 UL, C-22
£ 261+59ULZ ehgtt}. AZel ulms] B-12
2 284%,B-22-E 119% Astsirh C-122 344
%, C-22-& 214% 74 B-123} B-224
u@sbs B-22lA 232% Z7}ssd 1, C-123 C-
22 A= C-2F)A 20% Z7}5kelch (Table 1).

2) BUN (Blood Urea Nitrogen)

&2 15559 mg/dl, B-1+#&2 29.6+14.4 mg/dl,
B-22& 245+85mg/dl, C-12-& 35.1+17.7 mg/dl,
C-22¢ 25070 mg/dlz vehgdo}h AZe] v]as)
B-12& 90.9%, B-22-& 58.0% Z7}3tde}. C-12
£ 1264%,C-232 61.2% Z7}steieh. B-123} B-
27¢ w3y B-2FeA 172% FAstE . C-1
23 C-2ZME C-22d4 28.7% Ao
(Table 1).

2. Mol Hxipio|Zy HE

AZE B4 2 AR T A Bad
o] B Bael ARAZL BN A
& - e Fae) ¥R, AU ¥ 9
3 Aol HH=9Ic(Fig. 1),

B-12& wlAgRs) 4% A, ¥y, 2929
o ARA 7149 AARET} Febw, A Aol
$48 Fge veiFqet e Hage) waH
odek. 92) mope wFHaA ebitoh Fig. 2).

B-22& wllgRst A wesglch shael AR
Ash Aagel A ERY 427t AR
St Zasdn 4 Aoz FREAY Fig
3).

C-12& iy vl gust 2o BAse) W
Aol 4TI AR HFE T8 R Thel
YaEE FBY 4 AU ALY FE a9
= AGAE Wt e dstelch =8 449 A
AL gL e BRE & YA Aol
As Gl B 5 Figs. 4,5).

C-23-¢ %o wAgEt BYH D, 71 ALYA
wo] Azggtes FYsted AFHel Y= vl
28 o3 3F Aol 2L YA AT 2

ol AFAZE FAFHD. Bazde] FAHNUT,

¥ Aoz Yepget(Fig. 6).

i}

4

Fe Az Aol A %A HEe Ade) 3
Aol WEEE oplsiu, QAR Afelr ot
NAE FAel thehbr] dgol ESel dat w5
< 37k 1 et (Chisolm, 1976). £3] o} |7}
935 H4 1Q, 7199, A58 o gl 7
59 FAtel fEdt aElm AW @ 7|l
3E vy 53] 2PA AN & HYA Fol
lysine AH7)%2] g-amino7], AHA olu| Al A7) 9
carboxyl”], cysteine %t7]139] sulfhydryl7] 2 hysti-
dine A+71%¢] imidazole7]$} £-o]3}A AP &
3] A FEEA 7P &4 A 2% heme
Ak A o] B 23} §~aminolevulinic acid dehydra-
tase”} ‘g3 ZAgste FAo] HAIH =2 hemeTA
L EE heme DA FAE AHAA =¥HEE
JA3l2z ulE-g of7]A)Z1vF (Mushak et al., 1989).
AAAANME HPA A Fousia], A A A
E ARL AL AR (AR 7% A W
H7|Al ¥ 22+ hypothalamus-pituitary axisel] &4
£ vx 322 WS LA A sl o
kS v 2o} (Mushak et al., 1989).

ol X Fo| QAo n|R= gl Hpd W
A7t Hel o, A FE54E 4] 438t
o] "ol EDTA (Hilmy %, 1986), BAL (Bartsocas
et al., 1971), DMSA (Cantilena & Klaassen, 1982) —%—-‘Z]'
AetEAe ARSI AT, 2 B AAe] 54 A
slo] 75, 5, 8¢ A%, 55, 2499, 59% 2
Fu)e] Z7}, 9gE, 2 5o #3hge] vehddx
3}9ith (Bartsocas et al., 1971). ¢]ol] Il F3F%
2ol dEt FAATE AdA E2AE AEd
(Sheo et al., 1994)& o] &3l v} B3 FFolA
"kA]7] AlEbsled =, dBE HIRE AA o2 u
22 HA7] AFtsigt. Hxlell g A7 A=
e Ea AEFY] shiql gheikle DAsPHEA R
B 2AstEo] 1% 75~80%2] 483 20~25%2)
29EA= olFolAsel Yol e w4

o
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A2 BAEAQl catechin®] FE|9} A o]z o
e 1 AR AR gl #AF A7t
nle|atg] ok, 27 Fehrt ZpdelA] 3% catechin
Z —epicatechin—gallate, —epicatechin, -epigallocate-
ching ¥=2)8}9 1 1 % Bradfild”} -epigallocatech-
ingallates S2sfligle}. o] F =3} catechinf9]
T4 BasA Hel m<k TR gA 24,
FAastA A ] A Ao wHE vk WA, F chole-
sterol, 58] cholesterol, 2] &, A4} 7149 &3}
7} slen, Attty FdWe] A A (Jain et
al., 1989) 5 =kt A7 Ayt RuFs. 2
t 524, 197 g, AL {E7) 23
£ o] aeA 9l ghebaks (Chung & Wang, 1993;
Goldbohm et al., 1996)o] = T ghcty B TE o)A 1
et

2 AFE @ Foo} 23t 3HFY A A A
o] £48 WEIIL, S8 02 HAF A4 A
Hql Az FFsle 2A48A, A3y WiE &
A3} A zsi.

04e wg Bitoz sl AU Bol
S PPUE FA%T Bl Bole B4 B4

oM AR B kg HFEsAste Adzt sy

\

oF =g Bu3le HYTe YY&=E 24
319 vitamin D& A3AA AFe F4F AT
o} B3] Nat,K*,Cl, 849 & Ao o3, &
%, $u)9) $23 7]%-237} (Chung, 1995).

ALPE AA| =2 2 74, AR, &4, F, Biil Sl
2z E2AFY A 5 A 5EFSe
T AAGGME st EAE ZETH(Kim et
al., 1979). 317 (Kathryn et al., 1981)e)] 344 %
g A dz2Ze ALPEA-L 201+ 12mU/mle
2 veltoi}, 200ppme] d& Foig ATl E
195411 mU/ml, 50 ppme) Cd-& Fe3 &t . AP Fol A
= 1346 mU/ml, 50 ppmAsS FoJ3 ALl E
127412 mU/ml2 Yel} ALP &4 o) 71431t A
el 15 Cdmg/kg Morita, 1984)-& i3t Alde]A
22 ALP 842 15.1+0.7 UL, 4@ ZA ALP
ZAL 129+09U/L = Jeh} ALP Ao ZA
st & A= AFol vmst F3 ALP &4

=

o] B-1ZA 284%, C-170 A 34.4% 748t

FAu]ol 8Hg> mg/kgS F<i3t Hilmy et al. (1986)
9 Ay ALPS] ZAle] 8.16+034 wmle= 7
Adhel o}, 48 mg/kg EDTAE 2o 3 ALPY] 34
o] 8.53+0.37 wml F7}3H5 ). AF ol wrEAd
cysteaming 400 mg/kg FJ38 A3 (Chio et al., 1993)
A dz72] ALP 4L 1371025 p/ml2 e}
woh AFEEY ALP 8412 0.26+0.05 wmlg e}
v} ALP EAde] ZrAsdlolovt wxE Feod A3
ALP2] #4je] 0784005 wml2 Z7}slsich & A
FAM = B-173 B-2Z& ulwshd B-27o0A
232% Z7}sld 3 C-123 C-27¢ wlwshd C-2
ZoAAM 20% 715t olE® g 2 9 & o
2 Q3 AR5 Asl2 ALP @4 o] dlzFel w3
25 asigen] w3 FoFeN F ©E Fo
B} ALP A ¢] A4t Hxp71 AR 7% M4
A7 Aoz Alado

BUNE 4173 7% Az qls) ez A%
g Ao Agrl FEd 55 YA A%
ol x| gt &, B FEEol ks ddHel Al
Z 3] & 29] nitrogen retention F7}2 13 95F
o)A BUNzke| x5 Frlehs EAE 73 U
(Kim et al., 1979). 312 ¢l 100 Cdmg/kg (Morita, 1984)
& FA% Aol dz2e] 842 23.0+09mg/dl
olm AT VAL 65+£52mgdlz Z718dH
2 dFdME AL vz Aa B-142 90.9%,
C-12¢& 1264% 27131 e}.

Aol 05% 3 (Kim et al., 1996)& Eoigk AY
oA HFEFTL 23.06+0.82 mg/dl, A¥ TN
25.10+1.05 mg/dle® BUN ZAjo) Zr)sied ont,
0.5% %-4 ppm Selenium F-of oAl BUN &4 o]
ZFasgich & A¥dM= B-1¥% B-22% ¥z
s B-23llA 172% ZFAstx, C-1+34 C-2+F
& wmspy C-27elA 28.7% LAt o
A& & 9 St AAs 43k v]x AR
S0l AAATIE Ae Aksde

AlZ Mlxe] Az AN ZAAE B P
o] 50 umol®] Z}=F& Fof3t Sabine & Waalkes
(1990)2] A& ZAH =2 AFAZ ARFHT 2
71 Zrastgd s B asigon 3lF e} 0.6 mgCdkg

e

=

oo

ol
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& =8 Whitehead et al. (1988)2] Al3]-2 A}ElA <]
S AT 2L AAHAY SFHYH T
B arsledel. 2 Alg)e)A] Sabine & Waalkes (1990)%}
Whitehead et al. (1988)2] A= C-173} v]-$u)s
8¢}, Cd-Fe EDTA == Cd-Mg EDTAE A}4-3
218 (Whitehead et al., 1988)slA= % Cd o 2R
v} AAY] 471 Zokslolon] ARIASY e
$Z2roke] AHAIE AastgdEd o2 3 A

HEL2 FF4 544 delvte SF o=t 3ksn
B AgeMz AMA 52 7hael Wels} ekt
FE45 =9 AL /A 993 B-1,C-125%
B-2,C-2Z% vlwsly B-2,C-230A £HE &
o] Z7}e} W¥e] tad

Sabine & Waalkes (1990)% rER®} 4% W7}te] 1
Aoty ® 7319 o) Whitehead et al. (1988) =
23 Al2e] rERo] SAAHY T B uslle
g 2 Ao Sabine & Waalkes (1990)2} White-
head et al. (1988)2] A}9} B-1, C-1Zo)A X3k
o} T3} 2e 71749 B-2,C-2Ze A& rER M3
of ZFaslfon = FUlsle BARAA F F5
o 93t AR =2 £A4be] ZrAaFE R AlgHr).

F2Ele] 50 umol®} FI=FE F4F Sabine &
Waalkes (1990)= 322 2= Busglsd
2 AYdAx B-173 u|&stgdo. £3) C-1329
M Fol A FYFe] B 28y 5
A} FoJ3 B-2, C270)ME AAHog IHiE
At

Lee & Lee (1988)2] FHoiof 0.5ppme] 7l=F&
Fog Ao Fl=E @F RAZNME wAE
27t Hyd Wbl FtER-QQAR A e Al
2ob A gEn o8 Az 47)3e d2EH &
Avstgeh 2 Alge) B—mowb nA-gx2e dx
7} 3o, ¥y, g%, B aldg=st A
WEEg T 9L Aoz a&@ﬂﬂ 9 2739 ¥
%38k

2 37 2H4E Sl 29 935E 33
Al ALPEA 9] ZH4A9} BUNO| F7tz Qg 417
ks Blsinh A Al ze] Fate} Az 4
7\#e] wisde] AAAMn| Aoz WAFGH. et
Ealg T8 Aol ALP,BUN 4= W%

=3t A

o £

o] dAS 3 25 Wik Sshsiel

A% 2ol et YAl A EAFEeR ol
= A}el) heFsr-9-5t3 gl polyphenold) tannin A3E
%9 34l catechino] ‘F} e FFL&e FAE

d2pA) A4 duky Abe g
o3
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FIGURE LEGENDS

* Each scale bar on the figures equals 1 um

Fig. 1. An electron micrograph of renal cell of group A showing Mitochondria (M), Lysosome (Ly), Microvilli (Mv), and Nucleus
(N).

Fig. 2. An electron micrograph of renal cell of group B-1 showing Mitochondria (M), Lysosome (Ly), Microvilli (Mv), and Nucleus
N).

Fig. 3. An electron micrograph of renal cell of group B-2 showing Mitochondria (M), Lysosome (Ly), Microvilli (Mv), and Nucleus
(N).

Fig. 4. An electron micrograph of renal cell of group C-1 showing Mitochondria (M), Lysosome (Ly) and Nucleus (N).

Fig. 5. An electron micrograph of renal cell of group C-1 showing Mitochondria (M), Lysosome (Ly) and Microvilli Mv).

Fig. 6. An electron micrograph of renal cell of group C-2 showing Mitochondria (M), Lysosome (Ly), Microvilli (Mv), and Nucleus
™).
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