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ABSTRACT

This research wag conducted to determine the effects of chitozanoligosaccharide on liver poizoning induced
by cadmium (Cd). Three groups of mice were nsed inthis research. The group was only injected with cadminm
(F0mgleg; ip.) (group Cd) and the other gronp was injected with cadminm and chitosancligosaccharide (0.5%
solution) at the zame time (group Cd4-Chi). In order to investigate the inhibitory action of chitosano-
ligogaccharide on liver damage, cadmium coneentration in liver tizssnes and metallothionein(MT) concentration
were relatively measired. In addition, histological obzervations were made to determine the momphologic
injury of liver tizaues,

Cadminm concentration in liver tissues was drastically lower in groups Cd-+Chi than in group Cd. MT
concentration in livar tismies was lower in group Cd than in groupe Cd+4-Chi.

Ag the result of electron microscopic observation, mitochondria in group Cd showed a severs zwelling
phenomenon, RER fragment and ribogome dropout, Howewver, in groups Cd4-Chi, mitechondria with high
electron denzity were distributed and RER forming a typical lamellae with ribosome was obgerved,

From these results, cadmium toricity on rat liver tizsnes could be lessened by chitoranoligosaccharide,
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BAZA 2| A Fpddgde]z A s T0~-95%4
acetyl7|7t D= fres amino group2 73 chito-
gane] WFEeA et 7] €4 (chitosan)2 D-FF AT
(GleNje] B-1,4 23 F27 772 sl Fl=e
of 2AlEEe] ozt 3 24 F F2 Ak 3 43
2 AY™ free amino groups] &5l orbefo]2
A, FEA, 2L ek A e] gl (Austin et
al, 1981}, skARE 7€, 7l2Ak2 1 AA| A Hete
nEd BT B2 ATz oA Zo| 42 &
Bl F4RA 2003 A2 asade b
1,4 glycoside A2 BT + 3l Zart S5
2] sy (Weiner, 1901). Whehd 719, 71=be] 44
W 482 4317 HslAe 26U AA A
AL A gl SRl ueE o 45k "ast gk
FIEARE Ba], 254, AR 52 BAE AY
o slew, 384 400 T 94 $AHe =4
ol-gote] #fAeld F2 £F4 FAA (Bough &
Landes, 1978; Landes & Bough, 1978), &l24 A==
A1 el F= X (Prudden et al., 1970; Nakajima et al,,
1986), ABFH Murazsd 524 vAFE FF
(Spagna et al, 2001), o= w4 S 2 7%
A9k (Dureja et al,, 2001; Janes et al, 2001) -5 HH2
TRABARA o EH Fot 22 A, FI=A ¥
O #=A7 ddsk 9 hetEhg (Nishimura st al,
1986; Suzuki et al.,, 1986), B EA (Amako et al,
1987), A ZFH2el& 7434 (Chen & Chen,
1998; Ormrodd et al, 1998) 5 48 74=] A=jgiyd<
FHAIT glebe Apde] gzl o= "A Aefr]%
A AladzZA dFsate] ks A E o gld F
AR ot AR shie Holged ¢
& slde Ao FEAL FHol2d vy ATE
Eise! h“'—?}f“ﬂ HAet7] wEe] Fe, Cu, Mgsf £
ZAsr vt o}b]f} Cd, Hg, Pb, Ni, Cr
F Z2 F5T FHe22+ AXsted A=A
. 1972). Sakaguchl stal. (1981)2 chi-
tin® chitozand] elAbF=H2 3 W o B 2F
&3 ety o5 i FH4 24E dEslygn
Eiden et al, (1980)2 Cr(II)s Pb(I)e] Zakl] 4le]
A= chitin®o chitosans] © S~

oty B uEhe
2o, Muzzarelli st al, (196912 pH 5.8 ¢]4k2] 2402

{Muzzarelli et al.

eofla] Fdo] 2 =2 ¢|473F chelation chromato-
graphy ’%ﬁﬂ EAH e 2wk u gl

7h=3 (Cadminm, o|5} Cde} )2 A= £
AetA] ot deprbe o 3715 BAld
H Cib 25718 B9 FFET A2 £HEY
FHE COF 28715 Fobed A fd=" gA
A sfew, ABEHA W= 169 ooz
vhel7t EelZFS CdY AW FHL FoskA A
(Webh, 1972), dt A« $499 Cd= FHd3 34 2
et R ol s A ed Al Z2At
@ %8 bras Aseedl 72 Gz o9
+] =] 32 (Nordberg, 1978; Kowel et al., 1979), U X =
thionein=F FFsted cadminm-metallothionsin (Cd-
MT)# B3k g sAdsle Cde bt Ald=za|e=
FE Aeagdessn Cd 542 457 le Aoz
o A1} (Leber & Miya, 1976; Squibh et al., 1976;
Cherian & Nordberg, 1983].

Cdef| 28 =32 £42 metallothionsin=} =233t

A e fel hmEel 99 Yol shalw 2 A
%] sulfhydrylz]el] ZF45ted AR F2 524
2 $X4=g W7z Axwte] 724 Halg 2
et Aoz Buse] ¢k (Chan & Cherian, 1992).
F2 CdEs A2y 54 84S HlFe] et
= ol p (Placator, 1966), o} Ak (Goyer et al,
1972), A1 7ZFAFel] (Webster, 1978), Z= &= (Medesani
et al., 2001), 7|2 2 (Ramirez & Gimenez, 2002) &
o] slow, 224 HefE WEHAToEN JEhte
Ao 22 =24 (Anderson & Anderson, 1988), =i
A A& (Pasavaraju & Jones, 1998), 918 (Liu st al,,
1999, 42 }“AT"(Lafucntc et al., 2000), ZAFs] (Oda
etal, 2001), A543 (Garrett et al, 200252 275
ERES ﬂﬂr 2o cizse A 2 Az el
et e @F A s, A% 2ed T FE
9 AZEE TP AT AA2 w371
o3 Casl wEE SAAFG A8 2AAA Cl
s false BHAE FF 3 37 Foinad
(Cantilena & Klaassen, 1981).

dutH oz Ad e Axzg <|B3dzyH rast
B T Wl BAEe] 24 2 24 shisl
A= )& (intracellular thiols) o]}, 8] &2 Hzlg4
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2 U3 gley AFAEFANLS F1E 2FE, alkylating
agents & ¥R R 1A S4A, 283 FE T B
BEH e &S T 44 AERE AT
AF1e dgg 3o Metallothionein (o] 8} MT=F )
s Az BA%E A T3S G Sueld
( Schilder et al., 19907,

T o ¥ +29 FECIZE o T
= n}-rr?FF-L 3o 7Pl AR (EFF A 68
kDa MW) Thiia o] e}, o] ch#a-2 1957 Margoshes
2 Valleed]] 23] =e] A=A A Fl=Fe] &7
Hy 7dE AFste FAdA slegdgadde
LA oz AAAY 2 AFAS Y= A4
B3b FlAe] AFH T Alt]-(Margoshcs&Vchc,
1957). A Z71A] ¥83 MT 33 AaaHq
< ARl w4 I (10,000 o3, u—a'?’}-rreé‘ ]
= ¢ (4~12 atoms/mole), A|2H 2l (cysteine) =k
(22~33%)0] 2 Al W W LA oAt
# F|2=d (histidine) o] gl Feld opn|eAl 2%
& He|X 51, F& ]&-F(thiclates)2] A1ZFH wf
el Mg Folide] sleh Zelx AlAHlAbr] ¥4
b A 5l Feldt oAl HdTFzE Ho
¢lths 7 o| ok (Ohta et al,, 1993).

AAFE A2 £5F A=A MT-I5 I
¥R 1 w2 Az 2y 2E A A
-8 T o} (Palmiter, 1087), MT-II1% A173 @l Al A)
N7 BEE oo 129 $aAez FEUT
{(Uchida et al., 1991; Masters et al., 1994}, MT-IV
22 S FHEAG (Quaife et al,
1994). |3k MT# F23 F4= A= $3d&
ZAste AAEEA S WA B A7t 5o
= ¢lo} (Hidalgo et al,, 2001),

NTE AEHoe U Fad SHE oL T
25 a3t Az s FE 82 244
o 2 A ZEZ5EA ]a?}

b 1A A s e 98
22 glch (Ohta et al. 1993) wE MTE Cde)
b-d

|

Ze 2344 G AT F0] f=Hrd 27
2o Al F4E A5 F= 2 P AFEAAA

ez 2F&£L Wl »E B3 F352 A4
ﬂﬂféﬁ =X} (Hidalgo et al, 1992), Qebd o7 MT
S5 SeA AR Il Bolsht 4T
r %'}‘%ﬂ, qofibefet ek o8 sl e
AH add HEiA= 2HE FH ] e A
o7 A glow x3 T4 TR wet
A= 2 54 A=d Ao} i Aoz deiA 3l
o} Oh etal., 1978; Waalkesst al,, 1984),
ol2fgt A A o] whelzhge] A AFTHA A
57 255 A5A2e penidllin® F=4 £
Fhtel penicillamine 2 2 A-Fad A T Fe=EHE 7
Ae AR glerh WYT FaF NE $2 42
#F 4 5l Az gz (Cantilena &Klaasscn,
1981). =3t Ca, Na- EDTAS}F AM4Eg=d oA
F345 7% A%y AeAolAg AF5HE &
whsbet (Hilmy et al., 1986). o) 7Zr2 Fets 3zl
o] FAHo = s, HIZH e Fahee] e Hd F
A 22 AF7) 25 Fo|of (Bough & Landes, 1978).
2 d7edse He 2L A7 2EE Ea8) A4
FFA 2 ol 4E T sl FlEARE] IS o]45]Y
7l=® 54 wE 2 sl=E v=et MT
=% A6, Hefsd wWas dEsis] HiE A
A AE dEE A=t FlEAE T A A
o He Fpmg A5 da gl 47 s

o e e rl.

HE I
1. Asix|s

¥ A A AT EES ASSAHF)HA
8~1053 = AFo| 25£2gm e g3 7
2 ICRA -+ moused 2ofube} AFLFL4IF Mouse
E polycarbonate cage (40x 25X 17 cm)e]] Fef 2=
2342°C, &% S0+35%2] &HF gA=AL §x4F]
AP A4 animal chamber (HB-404A8)0]4] A1-53bgd
ow, ALEe Feu AEA FEEkEsE A 124)
ZF F7) R e, AR F5e T oA el

0o

HEsSE T2

W AYFEE SleEtE 95z Rd% 7
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(Group Cd), Cd3F chitosancligosaccharide2 FA| 5
T F(Group Cd+Chi)2 =2 FR3tgc o4 2B &
2 Cd =ol & 24, 48,72 Y 168A]7F Az o A
st 9] 2 A A (Group Normal )4 = 0.9% <]
HEPTe SPRARAG F 27 0ol 2
Fled = 120ufe] 2 st Cadminm2 CdCLS 23
25 HEAA $7FFA (50 mgfky) Haich chi
tosanoligosaccharide (centl polse 5 ¢|%}, deacetyltaion
00% o Ak, pH 7.4)2 g oz B 20,000 of
ste] o|Zupel2 Al FE AR Y oA 0.5%
solution© & THE+] 2442 FFeIych

T4z 33 A, dry oven
L‘-}w 200°C hot plateFef| 4] =2
4 g, sm @ Aeate dsa AEe 4
#4712, 25%2] ammonium citratedyddor 10 ml2f
0.1% bromothymolblue (BTB) indicator ¢8-S 2~ 34}
£ 9, 5909 A% BAH SuoE 6T
7A] ammoinium hydroxide £ ¢ 7 234 Fc}, o
Z14 10ml2] 40% ammonium sulfate SHE 10 mle]
sodium diethyl dithiocarbamate (DDTC) &85 @3
A=A £ 3 #2230 AR o, 20 mlS] methyl
izobutyl ketone dithiocarbamate (MIBK)S- I3l Z
E Z yhEE o &, MIBEE4E F5te 120°C hot
plateddel A FHAkA1A 01 NHClZ HH3 2, o3
214438 nmef ] fr=2% Fepiob EE3A (ICP:
Inductively Coupled Plasma Emission Spectrophoto-
meter; ¥ 70PLUS, Tobin Yhon Co )& ¢4 7tE
il Sl2E dke FARa,

2} Zt== 2 metallothionein &2

Z2Z ) MT#2 Scheuhammer & Cherian (1986)]
vd H# Aws FARES &, 2 05g: AF
= 4e) Lk 0.25M Sucrose2 HrIEL] 2028
3% FAFAF oFg AR (4°C18,000 rpm/208)
st AL Fetgo 429 200 pld 003 M
Tris—HC] buffer (pH £.0)& #7185t 08 ml= =73

£ 10ppme] CACL &< 0.5mlE Hriste] e

A SBIE AkAEe MTe F523H 4 cdob =3
=HA sg@et ¢]e)4] 2% bovine hemoglobin 0.2 mlE
ket ek Fh=HE MT o] 48] 2E bioligand
F A AR, 100°C2] water bathef| A 123 OQX]E—]U}
o] Cd-bound hemoglobing WHAAZ 2 P2
(241,000 pr/s2)3hod AH20 Hshaet, o|sh 2
o] 2% bovine hemoglobin 7L} G2 2 HA12e
#AL 3F FEEle U2 AE=da-g oA 10,000rpm
A 5B dARelste] U2 b2y g Cd
2 ks HAFRESRAATA (AAS-6300, Shimazu
Co )& o4&t BHstict FHFHU MT 5= A4k
< dFt R EAd A e Cdy ¥ 7
22, MT 27k 605059 Cdég 977 ===
Aoz wAre] 27 g pMT =2 LA

4. EBTASOILE

TR Es A 2ee A e 429
bt S A =E3F 2, 2.5% glutaraldehyde-& (pH 7.4,
0.1 M cacodylate buffer, 4°C)l| 4 24| 7F A wA] 54
2§ 4392 A4 1524 33 AR
1% Osmium tetroxide (0s04) 47 242 Zp=)
I 3Y dFdoz 1584 35 A5G A
ema2 ethanol A Gefe] 4] D52 propylene
oxideZ A&l Z[E5tdoF Epon mixureE WHE]
Propylene oxide®} 1:1, 1:22 3417H8 AFA|zioen
Epon mixure B4 overnight & ovens] 2o 37
"ClA 12417, 45°Cel A 124]7E, 60°Ce| A 48A]ZH
g5l =r]steet Epon blockS 1 pm=E wH=s}
o] 1% Toluidine blue® |83 = FdEn|A o=
Al 24 ¥9E By 4D
X ZAZ Ultramicrotome (MT-7000) 2. 2. 60nme] =
whEH S YHEe] uranyl acetate2} lead citrate . | &
@Astod =sbA A0 7 (JEOL, JEM- 100CXII) o 2.
7hEA 0%V sl Ao

= Diatome2

5. ceiE

% AEs
AFaEted Lowryd (Lowry et al,
o

i
it

i A RS bovine zerum albumin2

, 195122 Auksiy
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6 E7z]

BE At A4 FANE 4 AgTEe
@Al slerte AFe7) %w 242
(ANOVAZZ)& 454 on), BA42HAF 4214

o] AW A% 249 #=% T
sfe) 2ashadch

key s HED teste]

7

1. ZH=3e| JIER S

Cdze] FI=8 ®=X 24,48 72 I8T 16843k
A 24244030, 21674015, 1823£0.17, 1433+
011 pglgez AAE 0.62+40.50, 0.6240.50, 0.62+
0.50, 062£0.50 pgfgell W& H2l=l 748 e
Jeh (P<001). Cd+ChizZs] Fl=8 >=x 2111+
021, 18.97£0.12, 16.67+0.15, 11.33 £0.60 pgfg> =
Cdze] w8 o4 7ha® Ask2 JERA T Table 1)

Table 1, Cadmium concentration in liver of mouse admini-
stered cadmium and/or chitoganolizosaccharide,
(unit: pefo wet wt)

Tim e hrs)
24 43 72 163
Groups

Mormal 0624050 0624050 0824050  0.6240.350
Cd 2424 2030% 21.6740.15% 182342017 14.332£0.11"
Cd-Chi 2111021 18.9720.12% 1667£0,153% 1133 +0.60"

Table 2. Metallothionein concentration in liver of mouge admi-
nigtered cadmim andfor chitosanolizgosaccharide
{unit:pe MT/g wet wt)

Time hrs)
24 43 72 163
Groups

Normal — 1.33£012 1534012 1534012 1534012
Cd 1675 £233% 1096+4.33% 28+ 068" 24744 9684
Cd-Chi 21.97+3.60" 14.66£1.58% 1146470 62644, 63

All values are average+35.D.

*P <001 as compared with Normal,

Mommal: Mios wers tteated with 0.9% saline,

Cd: Mlios wers treated with cadmiurn (Cd0L; 5.0mede, 1p)

Cd+Chi Mics were treated with chitosanoligosaccharids (0,5%
solution) after cadmium injection (CdCl; 5.0medg, ip.).

2. 7F=3 2] metallothionsin ST

CdZ4 MT =% 24, 48, 72 2] 0 16847k
167542.33, 10.96£4.33, 6.2840.66, 2.47£4.96
peMT/ge 2 AAF 1.55+£0.12, 1.53£0.12, 153+
012, 1.53£0.12 nghTrgel] A]#] $205 =71 d4<
Bdoh(p<001), Cd+Chi2] MT =3 2197+
360, 146641.58, 11.464£470, 6.26£4.63 pgMT/ge

#P <2 0,05 as comparad with Group Cd.

2 Cdgd
(Table 2).

A8 H21% 37 ARE RATHP<0.05)

3. Fntztsio|ds pg

1) 24AZH

Cdaell s Al £} B2 o 27T 292 9
Foct v =F=eioprl HUE HT, cristacs
s Az FEAEg s ARE=sh A sEsE
do. 28y E2Hi4xde 9Tt dHF o
Hel 283 Az FAEYGS olghd= $ej4551
HxzA A FFFH A (Fig. 1), Cd+Chiwel A 2EA]
o] 2 FHH Feg 2y, 7YY =TS
2loprl FHSHA B2 glom, ¥ cristae®
FH5A #HEE Yot =3 2HLEAe dEeA
Fzo] #ape] FTAEGAAT, d¥dA FHIZE
olF 2 slglem MEAds St A=A
(Fig. 2).

2) 482

Cdwofl A b 2] sl oft 2arfet 2ok o]
ZFold, n|=Z ] o8] eristace HF 3 FH 2 F2E
ow AAR=sL A orebe 23 29425
Uyl A Fabrzot S 228" H= e
Hx AxAdds f 247 #FH YA (Fig 3),
Cd+ChizsllA 7t =2] & vwHd T8 s
By, J¥eA 7 v =T FEAEYe
of, W72 cristacy| ] H A= FAEHAS w3 2
WAt A dyda 2] #@afe] FAHPAT
B FHAA 2ETEE o|FY sleden 44
7 #AH ¢ (Fig. 4).

rlr
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3) 72AI2F

Cdzels A= 92 vlwy FHEHL geje
o] 75t vl EE=e] oty HYEe B, oristacr}
HEAHGA Az =t FA e T3 2
Hasde d¥ds F832s J4% A 2y
3 A xR A g8l 4dr $DE o (Fig 5). cd+
Chizdls | =ze] d2 wzms FHHd HgE
Byly, v=Zee]ole Hdae] Bylct w3 29
Axd e ] FHEGN FRTEE o]F2 glde
o A xAds FeiFAS s RS
(Fig. 6).

4 188A|Z

CdZelld A 23] B2 vlma T2E 292 ¢
Fod nEZoe]ole W The] FAH He|
Hex, A== UA e E3
He Fod52E F47% AL 2
AP 2ew L8840t AzAdeds] FEE A (Fig.
7). Cd+Chivef Al =2 @& 7 s
By, nEZee|ehl| 8 oristaer] THAE 9N, AxF
d=rb w2 A J2 Ao 25 #AEgd =3
ZRLTA = dydA 2] #e] FEAHYAT
Zgpze o7 lgon A=A £ i
7F #E= 9i ot (Fig. 8),

A
(LUBN
il
2
b
el
i,

2 #

dnbH o 2 L7 F4E Cde 32 ez
Shgthe] 2R MTS Al et Cash MT
7h At A=A HHgE AfE 2 AT 2
A E=H=-cGy g gle} (Onosaka & Cherian,
1981). vt el Cde] Alviel] F=w MTo
A 5 A thioneine] I SeeE 11
o] (Suzuki & Yamamura, 1980), 4t MTe} F3s
Cdy Zdz »Ed si7 g3 9oz wEso
hewl, 9ue) CA-MTE ofE Z|%e) e Fha
A 2Rt 429 A7A%e ddAez F
-2 w2 ez ofsfEe] AAF] =2 W4
Hof (Suzuki, 1981). b MTE M ZE&AH Cde
non—toxicSt ez HaAF1A 8444 Cde

w2 A AAste FedadAZAG FlEk QA 7] A
Cde] zhgste A& WAFozs Cd S4E ¢
FA 7 Aoz dEA ¢l (Mustafa & Cross,
1971).

Sugawara (1977)2 AF4 2.5 mghked] CdE HF}
FAELE R Cdy =g FAREE A 53+£2.6(05
hre), 15.94£6.0 (4 hre), 23.3£2.8 (10 hre), 258£7.5
(144brs) pglg e = A17¥2] Ashel] weh ZE A
HaAALz FristdeT Bastyeh £ Ayt
A= Cd4-Chis=E 211142021 (24 hrs), 1897£0.12
(43 hire), 16.674£0.15 (72 hre), 11.33£0.60 (168 hre) pg
jgo2 CdF2] 24.2440.30, 21.6740.15, 1823+
017, 1433 €011 pgigs] ¥l f2™oz kst
SH(P<0.05) (Table 1). ol ZH]2) Cd 24 % o5
Sed wE MIss Aoz sd cizdA @
As F7bE Aoz AmFH, FlEAER DY AA]
22 ZhzAd A MT A4 L Saste] Cd-MTE 3
e Cadl S e S FRAR + GEE @
+ s

Cantilena & Klaaszen (1981)2 ¥kabad Cd (1 mgikg,
1v.)8 T 2| EDTA, disthylentriaminepentaacetic
acid (DTPA), 2, 3-dimercapto— succinic acid (DMSA)
& Az Feidt As, 7240700 8] A AR b
Z AFAAH FE 2547 o 2 A2z vEiga
235 F2] Cd y=e flolX= Cd T3] viz A
g el A 2b ARy Cdy=rt FAs] et
oot B osted ol Cherian & Rodgers (1982) 2 H
o 1mgkgs] CIACLE Fostx Faha|=zA 2,3-di-
mer—captopropanol (BAL; 50 mg/kg)= diethylenetri-
amine pentaacetic acid (DTPA; 50 mglkg)s 22 =&
Y R o T2 A CdY =T HdF
Asl, f2FL 473434 pglg, BALE T3k Fo4
L 358+34pgls, DTPAS =ojat oA 481+
22 pglg 28] T BALM DTPAE EFFHT 4|4
T 314t29pgge e HEAY FeiAl A Cd
o y=rt ZAdstden Bastyh

2 APAAT AT 0624050 pgfg, FF=F
HEFATL 24244030 pgfg, FI=EH F|=AMET
T FBA FL£2 21112021 uglgt 2 F|E4AE
duee AR AN Ol r FaT &
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Adsted He] el HAb LS Bl

Kim st al, (199312 Fl=atst abzlabs vpalyg =
ZE(858r; 0.25uClml)el] 293 oleid H36e
A5 Bere) 2xA ARe YAEgT Rusyge
M.l 29R g A5 ARAE THHA A
283 307 24 =B S04 2
AzA 245t Apied ST Aoz @
waksdct

¥ A sr FlEAbEe] IS M A7 Cd+Chi
T FhmETE Foi3t cde vlE AV cd
FE7F HAF sty ol FIEARES I
Cde] A2 Fgate] AL T2 A 49E o
Fol#t AEFe, Kim et al. (1993)2] Fsfet fapst
A7 By

AR Cde 2 2t AR S5, «7]A
Cd¥ cadmium-metallothionsin (Cd-MT)& B34
Az 2 Aoz des ¢ld (Cheran &
Nordberg, 1983), Al A cd 56 Fholsie o
WAl el MTE 2xbake] ¢ 6000~7000daltone]® 61
7he] etmlmAte 2 FHEH Gl BA ] oysteine
4 o=k FHek glof (Cherian & Goyer, 1978), ¥k
= ol Aboht 2o ol W AL A2
Fp=k Batoial g 4 772 metal binding site® 2T
Se) A FHeles AT z3HT, TISY 5
A g3l wodubgd = FAET, =3 tissue da-
mageE Y= free radical scavenger2.4] ZH4shg o
et (Nordberg, 1984), MT® Margoshes & Valles
(19576 o3l &2 Al A AL 2ole F ATE
=3 AY ZE 5B 2944 FERT Aoz
ura F o (Onosaka et al., 1984) MT2 A2 &
Az v|ZFez ZAFF stress, sta.rvation, gluco-
corticold o 2 25205 =9 2l 2 =7}
H o} (Cherian & Goyer, 1978; Dunn et al., 1987), 53]
%9 FI4E MIINE HEoe A2 A9

e, 7]“:% Fo i okl 9 7 5 EF
&2 EAHq Az 4#HA sl Cadmium
# mercurysf 7&% E2F5FEA A5 AA A

A 21 ¢] &3] (Onosaka & Cherian, 1981)F ¢ =] =2, ¢
F35e S P AL 7|7 B
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FIGURE LEGENDS

* Abbreviations
Mitochondria (1)
Nucleng (M)

Lyzczome (L)
rough ebdoplasmic reticulum (rER)

Fig, 1. An electron micrograph of liver from mouse 24Hr after treatment with CdClz,

Fig, 2. An electron micrograph of liver from mouze 24Hr after treatment with CdCl; and chitoanoligosaccharide.
Fig. 3. An electron micrograph of liver from meouze 48Hr after treatment with CdCl,

Fig. 4. An electron micrograph of liver from mouze 48Hr after treatment with CdCl; and chitoanoligosaccharide.
Fig, 5. An electron micrograph of liver from mouse 72Hr after treatment with CdCla,

Fig, 6. An electron micrograph of liver from mouse 72Hr after treatment with CdClz and chitoanoligosaccharide.
Fig, 7. An electron micrograph of liver from mouse 168Hr after treatment with CdCls,

Fig, 8, An electron micrograph of liver from monge 168Hr after treatment with CdClz and chitoanoligosaccharide,
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