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Abstract

To study the effects of dietry methionine level on lipid peroxidation of rats, rats
were fed vitamin E, selenium and methionine —deficient diet or the same diet sup-
plemented with various levels(0.3%, 0.6%, 0.9%) of methionine for 6 weeks. The
biochemincal and mophological changes in the rat liver were investigated. Lipid
peroxide levels in plasma and hepatic mitochondrial fraction of MF rats were more
increased than those of control rats. However, supplementation with 0.6% methio-
nine modified this increment. Catalase activity was decreased in hepatic mitochon-
drial fraction from rats fed MF ‘diet. Methionine supplementation did not induce
this enzyme.

The ultrastructural evidence for lipid peroxidation was found in plasma mem-
branes facing sinusoids. The most striking changes in including disruption and loss
of microvilli and development of numerous lipid droplets occurred in rats fed MF
diet. These changes were not effectively prevented by the same diet supplemented
with 0.3% or 0.9% methionine, but supplementation with 0.6% methionine modu-

lated more or less the changes.
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v El7 E9} Selenium(Se)e 1 E¥3}
A gikel FEG Axdte] itstA &4

gt Raaes vdEhle 4G22 A
Aetre] AAAE FAA F83 &L FIT
t}(Alfin-Slater, 1977 ; Yarrington and Wh-
ithehair, 1975 ; Tappel, 1973). wW&A o] &
3 AFLEY AU dAFo] FTHE mi-
tochondria, microsome, & jutzo] A |
g4 A A H4EE FE8 free radi-
calE A4S AR 7[AH &4& &2
gtt}. o] 23k free radicald A2 Xeno-
biotics®] AL I} BFHAHA AoleA
= B8 AAH 3 E&HA (aerobic cellular
metabolism)o| = dojd £ Ath(Free-
man and Crapo, 1982 ; Trush et al., 1982).
Az etAA §A & free radical AJA
Al ¢t free radical oAl Alole] TwE| F
2 o234 HEed AAE free radical ¥
o] Al 2 4] superoxide dismutase(SOD), gluta-
thione peroxidase(GSH-px) % catalase%
< EEde &4 WolAl 9 glutathione ¥
a-tocopherol 5 2] @ ¥4 & o3 H®
2 WoAE 83z k. Superoxide
dismutasex superoxide anion(Q,;7)& A A
A7l 8424 0,7& H.0.2, catalasex

H0.& H.02 HBANAFI GSH-px=
catalase’} &&3t# €& F49 HO.E
H,02, 83 hydroperoxide(ROOH) &

hydroxy lipid(ROH)Z $IAA Axads
HE33s AR 494 ok B Hgs
vlol Al 29| BHlgl¥l Ex FE A xde B
3] Y oHAA free radical & A A A} A mito-
chondria, microsome %9 <Ax&A A&
s B3zgs Yepddn 3, Ses
GHS-pxe] T4 HELEAM Seol ZAHA
AR A o] g4 Aol A3 At
Hol AA g 4ol FrHHUAT=
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B 7k At (Chow, 1979b ; Leibovitz and
Siegel, 1980 ; Trush et al., 1982). o}g}4 3+
28 e Aoz ¢#EA vgw E
¢} GSH-px9] 74 AE<Q Seol ZHHH
A AU e free radical wWolA7} <kslE
Ex3 AWty #Fdslrl EFH0 AX
AA e Az dFE 9E & . 53
MachadoE(1971)2 H|E}Wl E¢} Sed ZH
Azl 3 oA 2eolA  mAl(dietary
necrosis) & H.E u} glow F|ALe] 7|
Ao 2 Disse’t Ul microvillie] o)A 23
Wahsh SuEnT S ole e Aoy 7
FYrte) A7 Ao #YPME EHS Ho] B
o} HElY) E9} Seo] THOE FALzV]9
HAlTzd Hals aayoz Bog & 9l
o1 B a5 o] Qdtk(Machado et al.,, 1971).

A 33 o}pi =4kl methionine2 H|E}
ol E9} Sed} nlFrA 2 lipotropic factor &
A 3 A Fo 8 FE7]d —SH
(sulfur hydroxy) group& 7}AA o g,
HELR E9} Seo] Z¥oAM v AF A4t
3} vhgo] ) oj=Ax WojdFgs &
dodlgt oA, methioninee] A7t
Zol A= B ozde] AE = A&
Ao 2 A" (Hardwick et al, 1970).
m#ta B Ao AE methionineo)
A AA HAdste] vA = JFS 2ALE
uA HERl E9 Seq] 29 % 1 Ex8}

A Holdl 23 AF Hd3 BHES F &
3}al methionineo] A g o}m:=Akel T
duldg duld FH90E ALY, &

W2 3H7}Y methionineo] #z e AW
A8t A T, catalase@Ad 2 AR En
A& T T AXe FHEA Wil nX
€ 9% BF}A sH

Mz o ay
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398 WFA o] 87.3+12.1g%) Sprague-
Dawleyd 42 337 40utg 2] A&t
I HAIFE ASFNA FFEel 13:Y
B¢ V1EAolR AHLAZ F A Fo upe
Z AR 8utey 5702 o WX .
o. d¥5E A54dY HAuyexze 2211
T, AUEEE 60+5%2 HAAIHoH,
Z M A HolE 63 AMSE F
S|AAZAT AE7T F Aol E& A
2ol AFAAF oW AFH Ao HIHJFL
= AT A A8t FAF L A

Table 1. Composition of experimental diets

—_ 29 —_
8 HdAZE FIdd 4 AHZdE oy
FA ABE Table 1o Ve Qlch X ube)
sFdo2E HEYG EAYES AEEAT,
EN7IEL Aol g eV 3 F Mol # RS
ol gAY T3 22 e A BE
Ag2olo HEIY E¢} Sed H7bslA gt
on, gild FPozHNE T gL A}
4319 o} Methionine-& DL-methionine] %
B2 7|12 Hold= 0.3%, MFZo| e H7}
812 gstom 3M, 6M 23 IME & 27
0.3%,0.6% 2 09%FFo2 TFA A

Dietary treatment

Ingredient(%) C MF aM 6M oM
Isolated soyprotein 20.0 20.0 20.0 20.0 20.0
Carbohydrate” 62.2 62.5 62.2 61.9 61.6
Butter 4.0 0.0 0.0 0.0 0.0
Perilla oil 4.0 8.0 8.0 8.0 8.0
a-Cellulose 5.0 5.0 5.0 5.0 5.0
Mineral mixture® 35 3.5 3.5 3.5 3.5

(-Se) (-Se) (-Se) (-Se)

Vitamin mixture® 1.0 1.0 1.0 1.0 1.0
(-Vit E) (-Vit E) (-Vit E) (-Vit E)

DL-methionine 0.3 0.0 0.3 0.6 0.9

1) Corn starch : Glucose : Sucrose=70 : 20 : 10

2) The mineral mixture based on the pattern of Rogers and Harper(1965) contained the following
(g/100g mineral mixture) ; CaCo; 29.29, CaHPO, + 2H,0 0.43, KH,PO, 34.31, NaCl 25.06,
MgS0, + 7TH:0 9.98, Fe(CsH;0,) « 6H,0 0.623, CuSO, 0.156, MnSQ, + H:O 0.1, ZnCl, 0.02, KI 0.
0005, (NH,)eMo0;02 + 4H;O 0.0025 Na,SeO; - 5H.0 0.0015.

3) 100g of vitamin mixture contained the following ; Vitamin A acetate 50,000IU, Vitamin D
10,000 IU, Vitamin E acetate 500mg, Vitamin K 500mg, Thiamin HCl 120mg, Pyridoxine HC!

800mg, Cyanocobalamin 0.05mg,

Ascorbic

acid 3,000mg, Folic acid 20mg, Calcium

pantothenate 500mg, PABA 500mg, Niacin 600mg, Inositol 600mg, Choline chloride 20,000mg,

Riboflavin 400mg.

2. MEuy

(1) AE 53

APAol2 657 AT BAHE 12437
B2 F 7AHE ethermtal sto] BR
BEHe W A2 ge 2R gEve

25E A5t heparine 2 AHYd ohe
2L FY3tat. A¥ A$F 0.05M potas-
sium phosphate buffer(pH 7.4)2 #FA|H
+& AHZ3 t+g phosphate buffer2 7}y
A AH3D 97 2 228 dFHsld 23



2 AR A7 AgsEd. & 24F
mitochondriav IritaniS(1980) ¢ H
HEAA At YHA BE AE
BAAI7A] —70Col A BB oh
(2) Y&tsty 24
1) 838 4 AR §8

5 A Az AF Aol YHE

& FAHT, 2ol HHoR AR 58

£ A4s o

2) Bt XE yY

ar ae oy

¥ A7 b mitochondriael A& 2HslE

2 Ohkawas(1979)¢] thiobarbituric acid
(TBA) ¥®& ol&sto FHsAch A4
3} A9 ¥gF2 AAEH malondialdehyde
(MDA) 9] n molx= & EAHon, o

EZ gd02% 1, 1, 3, 3,-tetraethoxy-
propane(TMP) & Al &3ld E&F HABFAS
Tt ok

3) Catalase&dx =X
7t mitochondria® & o] catalase@ A2
Aebi(1974) 2] W] Fa) o) &Aoo o3
H,0,9] Z2al& F3x9 ZA22H 25
o, ¥¢rggd Z9 HO0,9 s =7} 19.7mM
o @ pH 7.0, 420X 125 Lme] HO,
o] Z+AE 1 unit®2 J A 3ok
4) pE ya
HzA Fo @A LowryE(1951) ¢
W 3] oAl @@ & (albumin +globu-
lin, Sigma)& FEF o2 3ty =AY}
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(3) zhe| HefE 24
1) Zstpdn|dy zE

el dwbAel zFSH #FL 9std
ME Z2A 719 & (median lobule) ol 4
AR tRZAL FFHsl 10% neutral for-
maling g TS & 4, g3 L
AR F paraffin¥ v} 39 t}. Paraffin block
= 4-5mFAZ wH3sle H-EGAstn %
gdn Aoz FEAsYt

2) MxjzojEdy

L AEY ATz WaE BEsE
A8t 7+ =Ho] dEE lmmie) ==
AAde AHAF 25% glutaraldehydeo]| #-
n@sRen, 1% 0s00) FuFEH e
g5348E AP F Epon 8120] Eujstg]
t}. Block 2 glass knifeZ 50-60nm2] Z4t
HAHM S Y=o uranyl acetates} lead citrate
B ol ¥4% ¥ Hx¥v|7 (Hitachi H-
600%) o2 waslort.

(4) SAIXZ

RE AdEY dae &4 HEF
A% BELAE AEA L, 7—} A
A kel §94L p=0.05 £F|A4 Dun-
can’s new multiple testol] 2] 3) 7:? =3l

A o
g % 7 2ol wal
7 49zl AE 371, 4
Al E 3+ Table 29 2tk

1L AHE, ME
653 A

Fge ¥z

-(n o |:o|-

Table 2. Effect of dietary methionine on growth and liver weight of rats

Group Weight Gain FER ' Liver Weight.'
(g/day) (feed efficiency ratio) (g/100g body weight)
C 4.66+0.35" & 0.29+0.022 3.37+0.24% &
MF 3.68+0.38 0.24+0.01° 3.98+0.57
3M 4.37+£0.68 0.27 £0.02% 3.75+0.43
6M 4.11+0.28 0.28+0.022 3.77+0.73
9IM 3.68+1.12 0.26 +0.03% 3.64+0.47

1) Values shown are mean=+S. D.

2) N. S. ; Not significant among 5 groups at p<0.05
3) Values with a common superscript letter  within the column are not significantly different(p<0.05)
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AF F7 EY d3e 7B ozl o
Zd H 3y HIE}“‘ Eg} Sedy ¢
Exg Aol g ¥ MFZ#& v 23
A AN ga Z.M:S}r: AR o
FoAE HolAe Uk
ionine®] A7} $£FH 2= methionineo] 2
Hd MFZo w8 03%, 06%= H7E
3M, M A Ti Friste gl e

£3] meth-

g fo94e 99tk 2 2A9 WaE o
223 vlmste] MFZol tha Zrlate
FFoldont Helge U

AlE 2 && 2T ¥t MFF3 9M
Z A Feod Z4AE HYow 3MTH
EMT2 Ao HRF FFo|ATh

2. BHLbst X|E e gtz

A Aakst wrgel AAE YA A

8 Ade $FE Table 304 2ok
Plasma % 7} mitochondria2 & o)A TAB

FHes Z3dE A FA4FE9
HETA M ZE HITAA HH9
7HE 2t

Plasmac]| M ] #4824 #3e gz
(1.06 nmoles) 3} H)usle] RE /‘Ehgj—‘}ou)ﬂ
FAHA 718 YEHII oY MFFo] b
stele Mol fHoz Pa Ut
%} mitochondria®2 8 ¢ #2311 d ¥ ato

%, hETo] Hstd mE AFFAM &

e

Table 3. Effect of dietary methionine level on
lipid peroxidation of rats

Lipid peroxide value

Diet Plasma Liver mitochondria
(MDA nmol/mi) (MDA nmol/mg protein)
C 1.06 £0.222 1.30+0.19°
MF 3.23+0.83" 2.35+0.54°
3M 2.93+0.38* 2.19+0.64°
6M 2.1410.67¢ 2.18+0.b1°
9IM 2.81+1.35% 2.25+0.54°

1) Values shown are mean=+S. D.
2) Values with a common superscript letter within the
column are not significantly different(p<0.05)
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9l #7115 B Y o} methionineZ & 4=
Fol| W& Aole vehhA gsir.

3. CatalaseE M T HH3|

7t mitochondria® 8 o) 4] catalase@ A =
£ Table 40 el wle} Zo] hRT
Higte] T2 APl foHoes Ay
Atk 181} methionine FF 3o wa

FeA A= gQ

Table 4 Effect of dietary methionine level on mi-
tochondrial catalase activity of rat liver

Diet Catalase(unit/mg protein)
C 38.12+7.47¢

MF 20.49+2.22°

3M 23.86+7.33"

6M 15.94 +3.76°

IM 20.15+5.54°

1) Values shown are mean+S. D.

2) Values with a common superscript letter
within the column are not significantly dif-
ferent(P <0.05)

4. EEfsty o7

678 HYHel2 AS"E HH 79
HstE FstdnZd 2 AAIVA S 2
#EE 29 939 2o

1) =y oAx

71E Aolg FA% UzF
ZAES0 HmA F BEHO Sold W,
37 il (Fig. 1A), vlgtql Es}
methionineo] AEH 2oz A& H
< 2 Ao 44 ZedAB "z
Ao HEol 49 FHUE
(ring shape)2] FHW YA X WA o) T3
H A e} (Fig. 1B). Methioninee 0.3% 27}
Al 3MEo M e FEE R B3FLe MFZ
of Hl&] ttx ZAse FFo|Ym I A=
FHY WAL #AHzA A%(Fig. 10).
Mol A MFF# 3MZAM #dd 5%



Y& FFL glon 7 AX AA 9
AME wWE FHE F4E B9 (Fig
1D). 22} methionined 7}1% &L 4=
02 AANY IMEAME EFEBe &
Z3 Bl ol(portal area) Ed oA A3 4
FAEY AEE Bole HAE T AXE
o] TAHUL(Ea), dFolAds FAHY
&34 AAE YU = 3 HED).

2) OJMITF=Y AP

718 AojZgl tRFe 7+ AE¥XE nu-
cleus 2 7|8} &7 vATFR} 2 B
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5ol EBold WIE #AY & Y
(Fig. 2A).

o]¢} &g methionined] H7} 2 v
2 & 3, 6, Mol A= mitochondria®] T%
2 wW3te} A w42 (lipid droplets), =}2]%2
¥ (autophagic vacuole)?] &3 o Eoy
o HARE we WA AZE ggst
+ microvilliEo] #FHAHIAT. o]59] 2o
Tol @& FHA Wl Table 501 ¥ A3
At

Table 5. Semiquantitative assessment of predominant electron microscopic findings

Mitochondria

Group Round _ Slender Lipid droplets Lipolysosome Autophagosome
C +++ + + +
MF + +++ +++ +4++ +++
3M ++ ++ ++ ++ ++
6M +++ + + +
9M ++ ++ ++ + +

The abbreviations used are : +, rare or slight ; ++, commom or moderate ; + + +, very frequent

or marked. Electron micrographs taken at random(primary magnification X 5,000) of rat hepatocytes

fed five experimental diets.

Methionine & ZAgA|Zl MFZ¢ 713 &
Ag oATzA e 2 AEY o9
A A2 ZE3 mitochondria®] cristaes)
HAA WA Ad 2 548D dARAA &
2A#E oe} microvillis] 48 377
23tE T HETREFT HAJUY. MF
ToAlA #EF microvilie BWAEY TR
Eo] EAHO 2 o] EEHIT A
€] (Fig. 2Ba) &3] A€ Al o]27]
744 (Fig. 2Bb) 2 ¥4 HA=7 9Fsdd
o aglz 4 T Al XA+ mitochon-
driast S¥Ed e 242 Axd
o FREEC FYEH UER #&9=
HYE Hol7|= Y H(Fig. 2Bc). 43 9
A F2E9 WAL HolE mitochondriayx
round® 7} slenderd o] 27}x o] BAHHY

o9 roundgel F2 WRFAAM #Fd
WA (Flg. 2A), MFio) X & slender& o]
%< ol (Fig. 2Ba, b, ¢, d). =3 g
MF#¢] mitochondrias matrixe] AL w
7b wob wAIEY 2HEE  HYTHFig
2Bd). Awade e =sz Azd
Ao #HZH v lipid droplet$} lyso-
someo] Z2E FHZ B AA e
lipolysosome ¥ Az Wmr} 2o Ao
e 23 F VA FEE gET + 3
Ack(Fig. 3A, B, C). ALz @4 =2
of lipid droplet®} lipolysosome ZFE T 9
AALEE 7MAed HEte e T
A2HE2 AALEI 3A Yeon o
g AFLHES TAZTA HAvtol FH F
SeA ExEol #AHNG. B3I FE:
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o] HAAIZE JIx& lipid droplets}
lipolysosome& 3tut Z& 1 o]lAre] mito-
chondriac] &3} E##o I} (Fig. 2Ba,
b, ¢). ¥4 FZESL A3 lysosome e
0.5mA A & mo AAE 7FA 2 Ao
HZF = primary lysosomeo] #&FH
W@ HElR E, SeZgEdAe BAE T
£ %83 autophagic vacuoleE o)
2 #FE3Uvh Autophagic vacuoleu) o)

mitochondria, &AM, Auirs, F
A Eo] TF ] o oz FZ
EEo| 23 AHE Fo B 5 e 319
AAE E3EE postlysosome® T QL
o} (Fig. 4A. B. C).

0.3% wmethionine-2 H 71271 3MT 2] 1)
H4zx% Wale Fig. 2C¢F #t}. Mitochon-
dria®} =4 FZEL MF#d) vt @
ol de] g ott roundFo] Fo] #FEH
Ak TFEH HARY microvillis WA
Axrt sAHE AgS nYon MFEd
A Be AR e THEAYRE AX &

r
b
il

ar < N

e

71#e] FE2 A FotE £ gD A
¥AY A H¥A2ZA3I autophagosomed ZHA
F+ 43¢ By lipolysosomeo] t}i
H&H AL

0.6% methionineo] H7l® 6MTL A H
223} autophagosome HR ZFojE HE
0|9l 21 mitochondriax round®e] 24t
t}. MicroviliZ-& MF, 3M3d] w8 2 B
£ E5E B4t 3y W3AAMTe
oqAE BIHo U7 2FHE free ribo-
somego] MEZF HGd Fojx TEAHY
o} (Fig. 2D).

3 methionineg 0.9% H71A)1z7l IMFE
A= IMTN e FASHA FEEY A
AREE 7HAE AUsFHEo] FHEEH e
™, mitochondriat: cristae® ¥ 33 ujete]
#do] BEFsL vdd EZHolAn MF
oA zEo] slenderd o] Bt FYEH

— 33 —

w

¢

A9 microvilli' MFZo|A ¢ e ¢
¢ AEe BERHA FRou AT ¥A
B A H(Fig. 2E).

o 24

a

HELY] E9t Seo] Ay € 1 EX3
Waolo] o3 AAAALE XL FF
HZ methionineS 713 Hol& JFo3
AH9 AF AR 28 ¢ 7 FAY W3l
< A AP ToAAM FdHA Aol HolA
FRoY AAREZES R v MF
T3 IMTol ZAHJUh olHg Afe
vlEgl B¢ Sed ZABPMNAE ® A F
AteE o] FAaHUThE CombsE(1984)
o) @39} FEolm =29l methionined) &
BF T2 AFS7HS AEE &S F3A
7) 2 4+ 39 2] methionined F& 238 A
FAEE FELIGE SowersE(1972)
Stockland&(1973)¢] ®B.1¢} {AFst T
AFo) g IRA(%) 2] date] oAM=
o] &l Aol 7k GERA kot i xF
of ®lajA wElY E9} Sed ZAEAZ MF
ToA 7 =& @& JYER A Free-
man¥ Crape(1982) 2]l1 OhkiE(1984)
& 1% Bx3} ANty FFF7e UE
of BlElRl E9} Seol RET o At <)
Ade FHistE g Ete] E4E I F
B0 Fhde A §9, &0 A%
292 7] wgol ko] vt EA o] YEpd}
I ¥ 2y HEREE ABA2 #H
o] HgFuto|A QA A} arachidonic acid
o] A, $HPANH NAJAEE A
F7hE A e {54l pAdEdE B
3% i (Kameda et al, 1985). ZFw Ao
) 3+ methionine®] &3 8 P13 Schwarz
(1965)9] 2]3}H methionine& #ArsA =
¢el HEREe] dGRgd #dol glo
] HEIYIES} Seo] Aoz <l
of sl REades YeEld ¢ ¢

Eds

bR 3

o
32 o |

]_

[l

aL



Il E 3l methionine methyl donorz2A] 3}

A7EA Q1A cholined] #FAjo] Tjd
S2H Rs #{E veidda g

¥A3 7ZF mitochondriad) A HAks}x| A
¥ gzo] Ha MFRo]l fejxe
2 Z7lEo]  Utl. Bradys(1978)#

IritaniE(1980) & B|E}VIES}t Sesl FF o
E JisAd d#S A £ e,
Wills(1966) &= methionine ¥r-SE2&Q cys
teine®} glutathioneo] Azl A FFe
22 5 Qo wusdn. Bad 2 2
ol MFZ-olA #stAE gHefol Fr}e
A& HEYIES SeX Zo| methionine B
ol tFE o dojd WHoZ AR
o}, Tappel(1973) 8]32 Summerfields}
Tappel(1984) 2 At gAHd A ARz E
9] free radical® Q13 ALv¥ I RNA,
DNA, 1R85} cross-linkages FA3) ¥
B4 &4 lipofuscing] %3 2 Agte
fd3tar, DNA Eddolep zZte
HYgAse fE3te 5 AXTAY 7%
o £4& 2zt s
Methionine S F&£H=E FIFAZ +
o AAIANGE FFE FYHI A
et A gstoh 28y @ae A
SHE e MFZ vlslA 6METo] &
Aoz A uEelEth Methionine?] =
Askste] g wE2 -SH7IE 83
methionine W A}Eo] A XU cysteined
glutathioneg] FAAJR oz A Lste 4k
FES ZaAA BEHELC g &4
2 A ALE e 8] BEAge VeI
I BaE R H(Mitchell et al, 1973). Yar-
ington®}  Whithehair(1975)& ]}l ES}
Seg APAZE W 289 HolAAT 9
ZstH  gizzard®] sarcoplasmic reticulum,
mitochondria ¥ ¢7} ®HAH ¥
é?{}% lipid droplet$} mineral deposits7} &
dgow Greens(1967)2 A& Aol

e4e

9

SN )

lysosome 9]
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ettt s ol dNE2 wE
ES Se9) FHFoE BRIT &£ o Se
of 23 Buad mBrx HEVES XE
AUt & Ao® Euddd E3 me-
thionine, cysteine 18|31 glutathione & A
AdEH 3 AsAe AYPoez Hd I H
Abel e} BReAgg dedtz v o
&3 WEHUEY BE5ZE UAA &

ot 39 H(Green et al, 1967 ; Mitchell.
et al, 1973 ; Reddy et al, 1982). Fof o)

QojM = cysteine2] FHIFFA A
FJEANZ 2388 HAstEo Ao F7}
Heol 4% JYedds d¥4d9x it
(Wills, 1966 ; Hardwick et al., 1970).

7t mitochondriaol] 4 ¢} catalase@ A ==

A AYTE0l YxTel v fPer
A debth Adnas gelaa

=
catalase= ZE T EZFA LAFHD g
ot T HEFo Y Bol FdHHol 9
0‘11 GSH-px®} ©JE-o] hydrogen peroxide
FHE £X8n o2 BY METAH A

22 H3sE oz uuge o
(Chow, 1980). Chow(1979a)9} Masugis}
Nakam-ura(1976)+= ¥l E}9l E7} catalase®

4 FrEde AFY FAsA goy AAx
AEtE Rl 2 A Unn §49
o, Sed GSH-px9] #HAde @A}
catalase @A FEE Eoh2 TS )]
A 2¥Dn At o9 2ol wEUES
Sex catalase@ A9l A $x RUj=
AZd B 3E A4 € 2o BAFgozH
catalase@d T o HHEAHA G =
Aoz AZEY. wepr] B HFAgA Bl
WE9}l Se 18]1 methionined ¥ &

Z77 Hlmsty 2 o X

2 A=Y  methionine® o 5o
catalase@ A & MFZ# §9&el o=
Ro)A] ¢Fol methionine H7lFFo =& cata-

[
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lase A= &34E HEA ZF A
o2 Axd.

olgjgt 2lolte] A3tz WHIle o
2283 2 oAz dgar 43
t}. HEIWES Se 2 methionineo] ZPH
MF#olMe 48 Hxtd HAH 34 HY
dxg 33 FHYW TAE Aol §A
Aoz FEINUY. FFET FFL Yy
Bt E¢} Seol RAUGMY S¥L 1y
g B o, 2 dFdX e ol dg4L ZH
B A ET] E4e 2A3d FEEE
F7MA712 "9-7l = EX3 AW Helst
HeEoEN AEde AAFAL4FEE FF
st A Edde] FFIAUYR {FAHUY
gEoz AlREY. VAFRIALRZE FF
¢ microvillig el SR WAl F
A= A2(Fig. 2Ba, b), 4% FTFEaY
microvilliz & U%e &4 FAYR
o] mitochondrias 3 &2 A EA71#T A
#&E o (Fig. 2Bc). o1 %
ZbA Zete] ¥ 3ae MachadoE(1971)0] u)
El9l Eg} SeE ZAYE 2ol ASE 3
NAE #FHF3 vl o Axdel TAF
A¢l Nat—K*™ ATPase9} 5’ —nucleotidase
o BHZAE A3y 2 2353 v
Hog st Ed o5 HEIT E

PECES

g TFFe=EN Axgdy &4& &
HHoE Wi¥ + YT Stk MFE
dqX H & Egdoez #add mgyde 7t
29 Zwv] WA (peripherial degeneration)
S Hlgl¥l E, Se, methionine 2438 ¥ ¥ &
3 AW 2ojrt FTIFEOEA
Folle 88 AZAA48Eo HAH 29
¥ AurA A (fatty degeneration) .2 Al®
gt rATRA oz E Aol dojd
DA Eo A GFS AV e BFS MR A
WA Ee] FAHUL 53] xHF T
A= vHwdy & ZEFH e} Y
A AW Ago] FAHE AL AYUAL

Ao A

(lipid metabolism) )] #¢f 3}+= microbody 2}
MEA7]% 2L B-hydrobutyric dehydrogen-
ase, esteraseE°o] FE ZA o E X o
U= WAE FHEdde doEHo Y] WE
o2 AR "M (Novikoff, 1959 ; Novikoff
and Essner, 1960 ; Wachstein and Meisel,

1957 ; Loud, 1968, Ahlab and Bernard,
1971 ; Goldficher et al., 1971 ; Inestrosa et
al., 1979 a, b).

7 AEA AgelA BFY APrHS S
lipid droplet} lipolysosome, HAA}A L7} ot
& FE 24 F M4 FHE gEdaN
o olE2 AAUZHAAN B o N2 2
|

o7t glem ok AL FASE A

wxAde] AolwFolgl AlgdHTh oy E
A= A A Bt Rnow Mehta &}
Ghadially (1973) 7} =3} Auate] 34l

33 #EY=E FY3d
AZHENAAN AALDE7} $e A P23
< #EF b Udzm BE3 A
ollg F3le AAYUEN =
< AT vz Uk B AP
e BAM3za %9kA 9 methionine
Fo wel A At 29 W3t o
ARALZE 71X &
E 2 mitochondria €23 3l
=d], °]+ mitochondrialje] 45
fFA(fatty acid oxidase)7} A HFAF TH Ao
#o3ty] WEoz AzZdAc}(Palade and
Schidlowsky, 1958 ; Palade, 1959). Mito-
chondriat® round¥ 3 slendergdo]
A= slender® ¢ mitochondria’® MF -9
A Wol #EAHE WY, roundPF S 2T
Mo A Bol FT|AHUY. Slenderd 9]
mitochondriatx= o]u] &A32 YW mito-
chondriaz} @3 FFHAAY FH
mitochondria’} §#=Ho] FAE + Yo
o, o]§ F #}AHo] Ad¥so] FAHAHYIE
3 tH(Ghadially, 1975).
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d gEgog Az ol hypoxiazl fi
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(Sun et al, 1969). E3) MF9 <% 7tA
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Holz A& T AANME BES u A

4 B2

—_

vl el E, Se 122 methionine 2¢ %
I EXE AWHolE HAHANAE W dF
of AjolA AAFHANSE FAHF79 cat-
alaseB AT 837 zdgRon FgA

0 2= methionineS FF3A &S AT

(MF#E)oll A Aady 2 HYFZREESO]
®2o| FAHUrh Methionine FF &4

2 & o MPZo] w184 06%
AR FAA A
TR e 87
AR Lk
LEERES R L
TozAe gaung P
e geaste FEFgol
o8 2 gt FUE 5 dokn Yz2E
o YA Gdx HHZH A Ao
02RH BEA$L ey

o N

P gy
8
@

b
i & to

thionine &

(E o

methiomn o

48¢ a

References

Aebi, H. 1974. Catalase, Methods of enzy-
matic analysis. Second edition edit by
Hans Ulrich Bergmeyer, pp. 673-684.

Ahlabo, 1. and T. Bernard. 1971. Observa-
tions on peroxisomes in brown adipose tis-
sue of the rat. J. Histochem. Cytochem.
19, 670-675.

Alfin-Slater, R. B. 1977. Vitamin E. Nutr.
Rew. 35(2) 57-62.

Korean J. Electron Microscopy Vol. 21, No. 1, 1991

Brady, P. S., L. J. Brady, P. A. Whetter, D.
E. Ullrey and L. D. Fay. 1978. The effect
of dietary selenium and vitamin E on bio-
chemical parameters and survival of
young among whitetailed deer(Odocoileus
virginianus). J. Nutr. 108, 1439-1448.

Chow, C. K. 1979a. Effect of dietary seleni-
um and vitamin E on the antioxidant de-
fense systems of rat erythrocytes.
Internat. J. Vit. Nur. Res. 49, 182-185.

Chow, C. K. 1979b. Nutritional influence on
cellular antioxidant defense systems. Am.
J. Clin. Nutr. 32, 1066-1081.

Chow, C. K. 1980. Glucose and dietary vita-
min E protection against catalase inactiva-
tion in the red cells of rat. Internat. J. Vit.
Nutr. Res. 50, 364-369.

Combs, G. F., C. H. Liu, Z. H. Lu and Q. Su.
1984. Uncomplicated selenium deficiency
produced in chicks fed a corn-soy-based
diet. J. Nutr. 114, 964-976.

Freeman, B. A. and J. D. Crapo. 1982. Biolo-
gy of disease. Free radicals and tissue In-
jury. Lab. Invest. 47(5), 412-425.

Ghadially, F. N. 1975. Mitochondria ; Chap.
III. in Ultrastructural pathology of the
cell. Butterworths. London. pp. 101-185.

Goldficher, S., P. S. Rohein, D. Edelstein and
E. Essner. 1971. Hypolipidemia In a mu-

mice. Sci-

tant strain of “acatalasemic”

ence 173, 65.

Green, J., A. T. Diplock, J. Bunyan, I. R.

Muthy and D. Mchale. 1967. Vitamin E
and stress. 4 % The metabolism of D-a-to-
copherol during nutritional hepatic necro-
sis in the rat and the effects of selenium,
methionine and unsaturated fatty acids.
Br. J. Nutr. 21, 497-506.

Hardwick, D. F., D. A. Applegarth, D. M.



Seo JS et al. . Effect of Dietary Methionine in Rat Liver

Cockcroft, P. M. Ross and R. J. Calder.
1970. Pathogenesis of methionine-induced
toxicity. Metabol. 19(5), 381-391.

Inestrosa, N. C., M. Bronfman and F. Leigh-

ton. 1979a. Properties of fatty acyl-coa
oxidase from rat liver, a peroxisomal fla-
voprotein. Life Science 25, 1127-1136.

Inestrosa, N. C., M. Bronfman and F. Leigh-
ton. 1979b. Detection of peroxisomal fatty
acyl-coenzyme A oxidase activity. J.
Biochem. 182, 779-788.

Iritani, N.,, E. Fukuda and Y. Kitamura.
1980. Effect of corn oil feeding on lipid
peroxidation in rats. J. Nutr. 110, 924-
930.

Kameda, K., M. Imai and M. Swnjo. 1985.
The effect of vitamin E deficiency on
some erythrocyte membrane properties. J.
Nutr. Sei. Vitaminol. 31, 481-490.

Leibovite, B. E. and B. V. Siegel. 1980. As-
pects of free radical reactions in biological
systems ; Aging. J. Geronto. 35(1), 45-
56.

Loud, A. V. 1968. Quantitative stereological
description of the ultrastructure of the ul-
trastructure of normal rat liver parenchy-
mal cells. J. Cell Biol. 37, 27-46.

Lowry, O. H,, N. J. Rosebrough, A. L. Farr
and R. J. Randall. 1951. Protein measure-
ment with the folin phenol reagent. J. Biol.
Chem. 193, 265-275.

Machado, E. A., E. A. Porta, W. S. Hartroft
and F. Hamilton. 1971. Studies on dietray
hepatic necrosis. II. Ultrastructural and
enzymatic alteration of hepatocytic plas-
ma membrane. Lab. Inv. 24(1), 13-20.

Masugi, F. and T. Nakamura. 1976. Effect
of vitamin E deficiency on the level of su-

peroxide dismutase, glutathione peroxi-

dase, catalase and lipid peroxide in rat
liver. Internat. J. Vit. Nutr. Res. 46, 187-
191.

Mehta, P. N. and F. N. Ghadially. 1973.
Articular cartilage In corn oil-induced
lipoarthrosia. Ann. Rheum. Dis. 32, 75.

Mitchell, J. R., D. J. Jollow, W. Z. Potter, J.
R. Gillette and B. B. Brodie. 1973. Acet-
aminophen-induced hepatic necrosis. IV.
Protective role of glutathione. J. Pharm.
Exp. Therap. 187(1), 211-217.

Novikoff, A. B. 1959. Cell heterogeneity
within the hepatic lobule of the rat(stain-
ing reactions). J. Histochem. 8, 240-244.

Novikoff, A. B. and E. Essner. 1960. The
liver cell. Some new approaches to its
study. J. Am. Med. 29, 102-131.

Ohkawa, H., N. Oshishi and K. Yagi. 1979.
Assay for lipid peroxides in animal by
thiobarbituric  acid  reaction.  Anal.
Biochem. 95, 351-358.

Ohki, K., T. Takamura and Y. Nozawa.
1984. Effect of a-tocopherol on lipid
peroxidation and acyl chain mobility of
liver microsomes from vitamin E deficient
rat. J. Nutr. Sci. Vitaminol. 30, 221-234.

Palade, G. E. and G. Schidlowsky. 1958.
Functional association of mitochondria
and lipid inclusions. Anat. Res. 130, 352.

Palade, G. E. 1959. In subcellular particles.
New York : Roland Press. pp. 64.

Reddy, C. C., R. W. Soholz, C. E. Thomas
and E. J. Massaro. 1982. Vitamin E depen-
dent reduced glutathione inhibition of rat
liver microsomal lipid peroxidation. Life
Sci. 31, 571-576.

Roger, Q. R. and A. E. Harper. 1965. Amino
acid diets and maximal growth in the rat.
J. Nutr. 87, 267-273.



Schwarz, K. 1965. Role of vitamin E, seleni-
um and related factors in experimental
nutritional liver disease. Fed. proceed. 24,
58-67.

Sowers, J. E.,, W. L. Stockland and R. J.
Meade. 1972. L-methionine and L-cyste-
ine requirements of the growing rat. J.
Animal Seci. 35(4), 782-788.

Stockland, W. L., R. J. Meade, D. F. Wass
and J. E. Sower. 1973. Influence of levels
of methionine and cysteine on the total
sulfur amino acid requirment of the grow-
ing rat. J. Animal Sci. 36(3), 526-530.

Summerfield, F. W. and A. L. Tapel. 1984.
Effects of dietary polyunsaturated fats
and vitamin E on aging and peroxidative
damage to DNA. Arch.
Biophysic. 233, 408-416.

Sun, C. N., N. S. Dhalia and R. E. Olson.
1969. Formation of gigantic mitochondria

Biochem.

in hypoxic isolated perfused rat hearts.
Experimentia 25, 763-764.

Tappel, A. L. 1973. Lipid peroxidation dam-
age to cell components. Fed. Proceed. 32

Korean J. Electron Microscopy Vol. 21, No. 1, 1991

(8), 1870-1874.

Trush, M. A., E. G. Mimnaugh and T. E.
Gram. 1982. Commentary. Activation of
pharmacologic agents to radical intermedi-
ates. Implication for the role of free radi-
cals in drug action and toxicity. Biol.
Pharm. 31, 3335-3346.

Vodovar, N., F. Desnoyers, R. Cluzan and R.
Levillain. 1977. Pathologie ultrastructur-
ale des mitochondries des cellules
myocardiques de porc, induite par les lip-
ides alimentaries. J. Cell Biol. 29, 37-44.

Wachstein, A. and E. Meisel. 1957. Histo-
chemistry of hepatic phosphatases at a
physiologic pH. J. Am. Clin. Pathol. 27, 13
-23.

Wills, E. D. 1966. Mechanisms of lipid perox-
ide formation in animal tisues. Biochem. J.
99, 667-676.

Yarrington, J. T. and C. K. Whithehair.
1975. Ultrastructure of gastrointestinal
smooth muscle in ducks with a vitamin E-
selenium deficiency. J. Nutr. 105, 782-

790.

Figure Legends

Fig 1. Light micrograph of hepatic tissue of rats fed five experimental diets(H & E, x1200)

A. Liver specimen of control group

No significant abnormality in hepatic structure is found.

Liver parenchymal cells are arranged as cords of cells with vascular sinusoidal

spaces between the cord.

B. Liver specimen of MF group

Wide spread dilatation of sinusoids and peripheral degeneration are also seen.

C. Liver specimen of 3M group

Milder dilatation of sinusoids in comparision to MF group are seen, but no peri-

pheral degeneration.

D. Liver specimen of 6M group

No significant change in comparision with control group.
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E. Liver specimen of 9M group
(a) Spoty necrosis with inflammatory cell infilteration is localized at portal tract.
(b) Focal lytic necrosis of hepatocys in the midzonal area is present.
Fig. 2. Electron micrograph of hepatocytes of rats fed five experimental diets
A. Portion of rat hepatocyte from control group( x 12,000).
Mitochondria(M) with short but well preserved cristae scattered throughout cyto-
plasm. Rough endoplasmic reticulum(RER) display normal configuration.
Note normal sinusoidas border of hepatocyto showing a continuous plasma mem-
brane with numerous slender and well preserved microvilli(MV). N, nucleus ; Kup,
Kupffer cell ; LD, lipid droplet
B. Portion of rat hepatocyte from MF group
(a) Mitochondria show dilatation and pallor, and hemogenation of their cristae
network. Large and small electronlucent lipid droplets(LLD) present in the cen-
ter of cytoplasm, showing close association with mitochondria(arrow). In
upper right conner highly electronlucent lipid droplets are also seen. Note
altered sinusoidal border of hepatocyte showing distortion of degenerationg
microvili(MV).
Inset, A ; higher magnification of microvilli in Disse’s space, x42,000. BC,
bile canaliculi ; Co, collagen fiber
(b) Note the considerable widening of the endematous endothelium(En) and com-
plete loss of microvilli(Mv).
Note also the distended sinusoids and the disrupted endothelium
(¢c) The distended sinusoid filled with lipid droplets(LD) and mitochondria(M)
which escape from ruptured microvilli and sinusoidal endothelium
(d) Note highly electronlucent lipid droplets(LD) in cytoplasm and mitochondria
contains high electron dense matrix.
C. Portion of rat hepatocyte from 3M group
The cytoplasm contains a degradated lipid droplets by fusion of lysosomgse
(lipolysosome). Note sinusoidal border of the hopatocytes showing considerable
preservation compare to Fig. 2B. MV, microvilli ; LL, lipolysosome : Sn, sinusoid
D. Portion of rat hepatocyte from 6M group
Sinusoidal border of hepatocyte showing well preserved microvilli, although cister-
nae of the rough endoplasmic reticulum are still fragmented, and mitochondria ap-
pear similar to those seen in previous figures.
Inset, a higher magnification of microvilli in Disse’s space( X 42,000)
E. Portion of rat hepatocyte from 9M group
Sinusoidal border of a liver cell similar to the one in Fig. 2Ba. The cytoplasm con-
tains a large numbers of electronlucent lipid droplets. Mv, microvilli

Fig. 3. Various profiles of lipid droplets in hepatocytes of rats fed five experimental diets



Fig. 4.
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There are thre types of lipid droplets in the hepatocytes of the this experimental diet

groups.

A. The lipid droplets are associated with lysosome (lipolysosomes).( X 42,000)

B. The lipid droplets display degradated granular content.( X 48,000)

C. The lipid droplets contain high electronlucent matrix.( x 54,000)

Various profiles of autophagic vacuoles in hepatocytes of rats fed five experimental

diets.

A. The sequestratration of cytoplasmic organelles with surrounding cytoplam into a
pocket formed probably by mitochondria and ribosome( x 42,000)

B. Autophagosome contains subcelluar components with lipid droplets and rough endo-
plasmic reticulum.( x51,000)

C. Residual body is filled with electron dense membranous materials and lipid droplets.
( xX55,000)
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