[UCI]1804: 24011- 200000233250

20064 8 4
M A} 89 = 7

AEE 35 AFIN QAT
AZAGA BF AT



s T5 NN TAXL
A EAFEAL] B3 A+

Cadmium-induced hepatotoxicity in rat: the mechanism of
apoptosis
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Figure

Figure

Figure

Figure

Figure

Figure

Figure
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1. Change of body weight in cadmium treated group. The body weight of

cadmium treated groups was decreased in time dependent. *P<0.05.

2. Change of AST and ALT in cadmium treated group. Serum AST/ALT

level was increased in the cadmium treated group with time-lapse.

*P<0.05, ** p<0.001.

3. Expression of caspase 8 in cadmium treated group. No significant

changes of caspase 8 was identified.

4. Expression of Bid in cadmium treated group. Cadmium induced Bid

cleavage in all groups.

5. Expression of Bax in cadmium treated group. The cytosolic Bax was

incresed, but the mitochondrial Bax was decreased with time. This

finding suggested Bax translocation from cytosol into mitochondria.

6. Expression of cytochrom-c in cadmium treated group. The mitochondrial

cytochrome-c¢ was decreased, but the cytosolic cytochrome-c was

increased. This finding suggested

release from mitochondria to cytosol.

cadmium

induced

cytochrome-c

7. Expression of caspase 3 in cadmium treated group. Procaspase-3 was

decreased, but cleaved caspase-3 was increased. This finding suggested

cadmium induced caspase-3 cleavage with time-lapse.
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8. Expression of PARP in cadmium treated group. PARP was decreased,
but cleaved-PARP was increased. This finding suggested cadmium

induced PARP cleavage with time-lapse.

9. Expression of caspase 9 in cadmium treated group. Caspase-9 was

decreased with cadmium treatment with time-lapse.

10. Expression of Bcl-2 in cadmium treated group. Bel-2 was decreased

with cadmium treatment with time-lapse.

11. Histopathologic findings of liver in cadmium treated groups. Cytoplasmic
eosinophilia (arrows) with nuclear pyknosis of the hepatocytes was
increased with time. Lobular disarray with ballooning degeneration was
evident in the 7 day group.

12. Histopathologic findings of liver in cadmium treated groups. Apoptotic
bodies (arrows) are noted frequently. Apoptotichodies (arrows) are

noted frequently.

13. Immunohistochemical staining of liver for Bax in cadmium treated

groups. Cytoplasmic expression of Bax was increased with time-lapse.
14. Classic apoptosis pathway.

15. Cadmium-induced apoptosis pathway proposal in the rat liver.
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Abstract

Cadmium-induced hepatotoxicity in rat: the mechanism of

apoptosis

Yong Li, MD
Advisor: Prof. Sung—Chul Lim, M.D., Ph.D.
Department of Medicine

Graduate School of Chosun University

Background and Objectives: Cadmium (Cd) is a heavy metal of considerable
environmental and occupational concern. Liver is a major target organ of Cd
toxicity following repeated Cd exposures. The aim of this study was to
investigate the mechanism of apoptosis on Cd-induced hepatotoxicity in animal
model.

Materials and Methods: Twenty—four adult male Sprague—Dawley (SD) rats were
injected with a dose of Cd acetate daily (30 pmol/kg body weight,
intraperitoneally). After 1, 2 and 7 days the rats were killed, and the blood and
liver tissues were sampled for analysis. Biochemical analyses of serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) were conducted.
Histopathologic, immunohistochemical and Western blot analyses for cellular

damage and apoptosis of the liver were conducted.



Results: Decrement of the body weight was identified slowly after 1 day. Serum
AST/ALT level was increased. According to the Western blot analyses,
caspase-3, -9, Bax, Bid and PARP were decreased and caspase—3, Bid and
PARP were cleaved with time— and dose—dependently. Decrement of cytosolic
Bax with accordingly increment of the mitochondrial Bax was identified. The
mitochondrial Bax induced release of cytochrome C from mitochondria to
cytosol. Bcl-2 was decreased but, caspase-8 was not shown significant
changes. Histopathologic analysis showed cytoplasmic eosinophilia  with
nuclear pyknosis of the hepatocytes with time lapse. Lobular disarray with
ballooning degeneration was evident. Cytoplasmic expression of Bax was
increased with time.

Conclusions: Cd could induce loss of body weight and liver cell damage in SD
rat. Cd-induced liver cell damage is associated with apoptotic pathway from
activation of Bid and Bax to activation of caspase —3 and -9 through release
of mitochondrial cytochrome ¢, and this is not associated with activation of
caspase 8. These results suggest that Cd-induced liver cell apoptosis in rat
may not related to the death-receptor pathway. Moreover, this apoptosis is
time— and dose—dependent and associated with decrement of Bcl-2.

Therefore, the mechanism of Cd-induced apoptosis in the hepatocytes of the
SD rat in 7 days involved mitochondrial-dependent pathway but not

death—-receptor related caspase—dependent signaling.

KEY WORDS : Cadmium, Apoptosis, Rat, Hepatocyte, Mitochondria
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| dxp wkelzbg o] 9lo] endonucleaseE A 3A| 7] AV A A AF T
2o wkeA A gv] Z(reactive free radical) S A A A (Nath 5, 1996;

Hultberg & Andersson, 1998)A E A G A AS 7473t Al E A A} apoptosis)

4]

7F 8% 93S sth= A3 Z2 35 (Lohmann & Beyersmann, 1993; Azzouri
5, 1994; Shenkers, 1997, Habeebu -5, 1998; Hirata &, 1998)¢] lt}. 1ejv}
ojgfg Aol et 7tewe ASe SIS obd & WeAA g
A

Az 548 A AA AEADAZE doju A S =d (Wyllie, 1980;
Cohen, 1993; Klaus & Davide, 1998), o] A & &3 AL A (tumor necrosis
fator)oll o3 AZALE AT A dFAE dD7) o] B AHA AT
A 2 g A tH(Alnemr 5, 1996). 1 7ol Aol A A ExEALS] Ao caspase
Al cysteine proteasest} MAP kinase (mitogen activated protein kinase)?] 3
HAA o] AAE L dom (Blenis, 1993; Xia 5, 1995; Alnemri 5, 1996; Enari

5, 1996; Kluas & Davide, 1998), ¥ 7 A}Ql A (transcriptional factor)¢%= 3

dol glgel LeA Utk mebd ole @ fAAE BT % L P
SRR AZAEA FEDS G FLT ARE AL 5 AL A

Al Ft=Fe] MEAEA fFEo did dg= =EW oo digk A A
AgrA oty AAL F=2 7 vivoSt in vitroZ ol FolA=d F2Z = AXEV}

,?_
So wEFA FR AN Fwel me AEAWA EE JAE dosE
U

e
Aoz dEA oy AUHOZ 7 vwo APl Ak Jl=H2 AA WA
Al EZ A k3 A A 45 WHA(Shaikh & Lucis, 1972; Kotsonic &



Klassen, 1977) w4 Z=2ZAld& T2 Ito] 24 ¥ (Kotsonic & Klassen,
1977). Zh=gel oF 54 FEA AL MAEY] FF, AWAE 54
39 A Fo2 YeEy (Dudley &, 1982), AAtdAn B0 2 AlE
W gEEY S whe] REHE gHEFe &4 ¥ &5 Fo] YEdr
(Dudley &, 1984). =3 7l=E52 S8 ¥ & B FA9 AxZ, HIFAE F
oAlM At} FE7t F7FS wel AlZEALE S DoV AOE HAY
(Lohmann & Beyersmann, 1994; EL-Azzouzi %5, 1994). 12y o]# 3 T
AT =8tal 7t=gY SA7IdY AlxW A o s dE A 2o
el e s Ll v glo,

dAbo]  #o]E= caspase-3, -8, -9, Bax, Bcl-2,
cytochrome-c, Bid, poly (ADP-ribose) polymerase (PARP) & wulze] w3
of 9 WsE HIxAsed 4 P Western blot analysisE &3Fo] H|xl
#HEs ] FtEFY HHANESAY APE AXAEA FANTAGA ALY H=E
= qrstaak g



Cadmium acetate dihydrate (5743-04-4)= Sigma-AldrichAHSt. Louis, MI, USA)¢]
AES AHestgd e, 4484 caspase -3 (H-277), -8 (H-134), -9 (H-170), PARP
(H-250), cytochrome-c (6H2), Bid (FL-195), Bcl-2 (C-2), Bax (B-9)& Santa Cruz
BiotechnologyAF(Santa Cruz, CA, USA), p53 (DO-7)<2 Dako AHGlostrup, Denmark)
of AFS AU 183l o]AF A Vectastain ABC elite kit Al amino
ethyl carbazole (AEC) kiti:= Vector laboratories (Burlingame, CA, USA), B4 ¢
A (universal mount)$! Clear mounti: ZymedA}l (South San Francisco, CA, USA)2]

AES ALgael

AEFEL FA T 45795 7l=Fd =53 Fo] gl Sprague-Dawley (SD)
ZL 3AF(220 £ 30g ) 24vtE]lE AlEstd o, AtEe B2 AREA TEE AT A

SZ2AL 2T ~26T, F5E 50%, & 271 H7] 12A7F ¢47] 124 7o) 2t}

SDAAE tz=wd 7tEF Fof 14, 24, 79 49 202 o] 74 a5 9 67
gA Feste] tEEe dEWS] sz Fosdlt. eFs SRl w5 F

of 3} @itsto] 30uM/kg w2 WA 13 Foletdl=t Fol¥2 Jeong 5 (20003
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4. Western Blot ¥4

AH g SDSDE A 1+ 2435 PBSE w8 AU 1 g +x2 ol 3 mlY 34
49 homogenizer buffer (10 mM Tris-Hel PH 7.5 150mM Nacl; 1 % Nonidef
p—40; 0.1 % sodium dodecyl sulfate; 1% sodium deaxycholate; ImM PMSF; 5 mM
EDTA)e el 4 ColA ks AZ v 13,000 rpmell A 20 & 94l 2&ste] A2 A
sl 42 BCA &5 ol gdte] ddS AFetgdrt. T3 Axahf oy

A 200 ug)> 2xsample buffere} 41of 100 CTolA 5 &3+ #A Fol 125 %

5!

SDS-PAGEE A3ttt d71d 50l Byt geld] @ AL semi-dry WHOoE AL
oA G AT 0.8 mA HstE 2 AZF Ao]F o] nitrocellulose membrane’tel] ©]F
A Z t}. nitrocellulose membrane< blocking buffer(5 % skim milk)2} 4204 1 A
F 9bS A A ¥ Bold A ANS JA A Y. caspase-3, -8, -9, Bax, Bid, Bcl-2
2 cytochrome co that A= 001 %(v/v)e Tween-200] E83F 3 % skim
milk/TBSTel 1:10008. 2 3]Asto] AF&elA 3 AbE wg & TBST= 15 ¥4 3
W A #35ko] o] x}8kA] anti-rabbit IgG conjugated hose-radish peroxidase®} 1 A%+

W3- A] 7 ). nitrocellulose membrane> TBST(10 mM Tri-Hel, 150 mM Nacl, 0.01



% Tween-20, pH 74)2 A ¥ A& % ECL kit® AF&3te] ECL ZEd =FA A
ot

MEZEdole] @y wstEs Br|9fste] mE 1F A4S 4 T, 700xgol A A4
w8 10 +F 42 4595 10,000xgel Al E= thA] 10 7 A4kl pellet= o

AL b S A7beko]l 6000xgol A 3 w3F thAl A EE T o 71A @2 pelletE

o

medium containing 225 mM mannitol, 75 mM sucrose, 10 mM Tri-HCl, pH 7.4,
0.1 mM EDTA ° 2 &aA A} (Silva Freitas EM %, 2006). Bel-2, caspase 3, Bax

translocation & cytochrome ¢ ¢ 2o thak £41& Western blot WS A 3 &}

[ex]
AN

% (dehydration)& A%t Xylene A 23} paraffin FF4GS A + xujsie] &
=5 AzeAnt. o]EA FH)E paraffin E5S 3 AE HHA 7] (microtome) S AF-E-3
o] 4 mFAR 7 o= AALE A A8 Xyleneo & 3~584 2 3] g%
% ethanol= 100 %, 90 %, 80 %, 70 %, 60 %, 50 %wo= 1 ¥4 & 33 3A

AR F FxEo 10 21 AH AT hematoxylindl Al 5 #3F ¥ F FxEo
A1 R AR F 1 % acid aleoholol 4 3] HH F FxaEe 1 #3F A& gt
o] % ammonia®] 43] HA s FxE 15 3 AHIAT. 182 eosinel 3 &

F 9dAe 3 5 ethanolS 80 %, 90 %, 100 %s=o = 88 & xylened 3 ¥4 2

-
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BHE ST/IAAT o] R A EAE AAG ] HEA 3 % HO0.5 AP e o

2 47401 % +8H ¢Rvor 34)o0w v So]Ael FU-3A
S-S A5t Bax, Bel-2, Caspase-3, -8, -9 ¥ pb3 dAddAE 27 37C nj
Frlol Al 2AIZE WESAIZL o]k Al Vectastain ABC elite kitE o] §3F¢] A|FA
Aol wet Atk EAAE AEC kitE AMEEe] AW Ao wes s

5-10% AE w$-A7l & Mayer's hematoxylin® 2 thFJ S 3 & Clear mount
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flo

| SDIAE dFA o uf FHRoAN T2+ IE AFHst] dHS FEEd
% TInternational Federation of Clinical Chemistry (IFCC)el| ¢]%} rate assay W

ASTS ALTEA 519

7. A

£

B
2 24

Chi-Square test ¢} Analysis of VarianceZ ©] €351, S A4 #H A= P<0.05
olstd uf FATAORE FoAo] Uv ALo=E PFrlstrt.
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2. 89 ALT, AST ¥3t

ZF=g FolFolA ALTE 1 Aol 228 %= udA F7tstg o
(P<0.05), ASTx 1¥Ad 112 %= ti =7sdth. 2 Aol ALTS
AST7F 747} 214 %, 162 %= Fo8tAl T7FAtH(P<0.05). 7 A Aol = ALTS}
AST7F 7+ 386 %9 410 %= thztol ®lsle] dA e F7HE 29 HP<0.001)
(Fig. 2).

3. Western Blotol A 9] z} a4 o] w3l

Caspase 8% A|ZF o] wg} {3t A7 I oH(Fig. 3). Bide 7I=#®
TFol 1 Aol A3 e cleaved formeo] X9 29 (Fig. 4), mitochondia Bax: %

7t YA Fig. 5 B2 cytosoldl A e AAYES ES
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53] 7t=g A& JAbE 1871 ofdd A olM AFow AAH oy &
g At Ay iR AVEE, 5, 929, 5, 44 FolA de At
|H o FAMEASE, ARF), F7F, F&, TAF, oFA SR yE}
3L Y (Christensen & Olson, 1957; Fleisher %, 1974; Flick %, 1971).

ol
—T’—éaL, =

35 T €279, 53 #A7E Feof, AG#HAEA Ao E Tt=EFEFA 0]
=7 et Aow delx 9ri(Axelesson 5, 1968; Dudley %, 1984; Goyer,
1991). 7h=wol w4 2 AR =& HAS W FZAFVY AF, HF L
gk o] =AM FteF o ks AfNES A=ete] AdANE =

Astm oz od BYMLFO] B Ho] AESHOR F

it

= Ao
32 Yt (Fukuno %, 1984; Halliwell & Gutteridge, 1995; Oteiza. 1999). ¥ 2l
AolMe 7tege Fo F AFTHsE B2 243 gxdodAs 1 A FE
AFS7t7F F+538] ol Folx o 790 = 123%= YU A F7tstd e 7h
=g FoTdAe 1 dANFE ATHA7E dojud A 2 Ao on A &
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APAE ol T /12 B9l MEE F9F AP AT vk AT A
FANAN 44 9 2R AH 2 /)5 BAY Fole AEALA s

qAE F& A "Av AlEAEANE 9RH st ko] FA478] o
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1980; Cohen, 1993). M E A= AES AZE A= AETo] a3 A X
B, GalE Fytstes ol AlzAEALE #E AlEgFAF] o3 AlE
T, AExe] 323 @/ (blebbing), MEAW ZHw=e] F7H A2
2= endonuclease?] A 3lo <% DNAY Althg] ®oke BEA &,
transglutaminase®] A3 % Ao Auti} apoptotic bodye] A S Fwhslkot
(Cohen, 1993; Klaus & Davide, 1998). A EAHALE T A EZAIES oy
AAE 2 a2 dd ddse o3 xduw, oy A AdEA dolge] &
HA . o] T JhF A dAG3H AMesdAE 2 T2 sty e death receptorell
o)gt A EAHALoITE Death receptors AMEAIES 7]FE  ZE= tumor
necrosis factor 2 (TNF 2) F&A S oulsty, =849 Axd & 720
T A8t death domaing F3te] AEALE A E wi7igdrh. A Al T/ 9
death receptor’/} <& % o TNF receptor-1, Cd95 (Fas/APO-1),
TNF-receptor-related apoptosis-mediated protein (TRAMP), TNF-related
apoptosis—inducing ligand [1] receptor-1/27} dt}. o]E FE& A= =9t 2
A HH A9 thF 3 (multimerization)E 3o A3 H 1, 2 ARE

ol 2] adaptor @A Eo] F&A L} AFstA Fvr. 23 adaptor G AEES
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g ket MEAME Aadg AAE &4 3220 Y. death receptors @ ¥ #

2
=
=5
X
(o]
>
fol
BN
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r o

A& o= caspase, NF-kB, stress—activated protein
kinase (SAPK), Bcl-2 family % ©] 0t} death receptorE o] &F A XEAFEA}
s freste A2 oly™ Apo2L(Fas-L¥ wj$ fAReE F+x2E Zb& TNFE o
%ol =)o) o3 M EZAEALS A F 5= decoy receptors ¢l DR49F DR5

A

A

rr

AEZAEA S GAE Ao A4 et IS A0 F
71240 A d ol oldA ol AY AT AEE AEHeHA A A= Ao
UomEbA o] B Hol= AT Aty A HPAH A EE 54
of ol FtE= Ao WA RHIY o] dth(Fadeel 5, 1999).

AZADA] e AFE el AH AZHYIAL WY AW AT
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flt
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rlr
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b4, 2 S 1A 2 3 71dd Bofats B galdE obd A3 A
A 1 i (Beyesmann & Hechtenberg, 1997; Wang & Templeton 1998).

Zhed S W 3T TaE5d o3 AlxAEAe] B o
o7 del A7 gted dE EW O FHAFEA AExAEAe wdd
endonucleaseE FEFHTFEZ (Rao 5, 1992), Aol A Fo| ZTZA Ca”,

Mg”' & endonucleaseE A A A AMEAEALES FEdHLu 5, 1994)=

2=

qo2 @ A FE

5o Bzt gt Jt=ERS 24 153 E 539 endonucleaseE A 3 A
7=, MEW Zusts a5 540 98 Frse AxadAe dag

endonuclease &Aoo FTae AxZ I 9t (Rao &, 1993; Lu &, 1994;

_13_
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#] 2= (oxidative stress)ZA] A &g}

2 4dag &0 3 Ay 54 TaHd Z=4
B BT @A ATY 22 w3 A gd#Ees AAst] AExAEAE
FEStE Ao ® gy (Nath %, 1996; Kayanoki 5, 1996; Hultberg, 1998).
AEZAEALE FEA 7= AlZW ASHAE7IHdAAN Fa8 7ds stues
caspase?] @A 3lo]jt}. Caspaser= &4 A Y 9o cysteinex 7FA 11 Y= o
WA Balgihan AF7HA 14577 d8 A o, 53] caspase 39 9
of talA] e AF7F My Jdh(Allen T, 1998, Widmann & Gibsonm,
1998). Caspase® 2Zt8<2 FA7]do ot ofnx=4t wjd  F  DEVD
(enzyme:cleaves the cpp32 protein recongnition site asp-glu-val)E <12 34
desl= CPP-32 like caspase (capase 3)9F YVAD(Elo]= A A)E 94
A Aetsl= ICE-like caspase® W E Tl At caspase 37F &4 37 ¥4
PARP, MAPK/ERK kinase kinase (MEKK), ¥ t© &2 Caspase 5 o8 %34

wudel 444 71%H B 2BAHHE FEste] AL ofe A

2
gt
o

<
Z4d3ste= Aot (Allen 5, 1998, Widmnn & Gibson, 1998). &ukx o &

o
AL
N

7F g & AEAEALY A REE Fig 149 7o) caspase 89 @A 3=
Qlstel Bid7F 2437 ¥o nmEIZE=2otE F38to] caspase-9, -37F #8317
L} caspase 8°] A F caspase 32 GAZIAIA LoV Holth BT dHtH o
2 caspase-8¥ -3&5 Afste Aoz <HA Qv ady B AFoAE F)
T H A2 caspase-3, -99 Bide] &4 Mty o=

7vskal 9l=dl caspase 89 A& AIZMA H et FHskA W v o
Al AEZYl A AEZAIE S a7t Bidgs E43AA A7t rEZ =g ol

Agyd v EZ=g oo A cytochrome c7F 9] %5 o] A caspase 9% &4 34
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713, &4 3 H caspase 92 caspase 3& A IAA YEIUE MEAIE ]
e SA o2 & uf caspase® AP Il wE WHEE JtEgEAdd £
2 M| ZAFE O] caspase 99F 39 ARE ARl HdAES THEL U

W3k protein kinase (PKC), PARP &2 A|XA}E 34 oA caspase 32 A X
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