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Gram 49 ZgeE fdHe UsA ¥§F5L
1951'3 Waisbreno] 218} 44 F4o) o8 B1
(Waisbren, 1951) 3 em 2@l =¥ (Borden
Hall, 1963), 9]944 7 9(Shubin} Weil, 1963), &
A Fgog oA gt WAo] A7 gram &
Aatol 2g 7+ 2 ofol tiF Ao HEr) St
(Finland %, 1970; Myerowitz %, 1971; Simmons$}
Stolley, 1974)3}x ¢lc}.

Gram 2479 ZgdA 54& Jehie ARz
47 HELE FAY AEY EA3= dF9
lipopolysaccharide(Elin®} Wolff, 1973; Bradley, 19
792 434 o HIZ e THEGE ] lipopo-
lysaccharideE ©] &3l WS4 &7HE Yo} B
#H+ A ¥(Horowitz 5, 1962; Yoshikawa %, 1971;
Morrison®} Cochrane 1974; Meyrick®t Brigham,
1983)°l Al glck 22y WSEAa S0 #3
2 AEEA 71He oy FHEHe QA gh

olel & W Fie A F7)dl £ (Toba &, 1982)
< §23)0 53] 2(Hirata 5, 1980; Sato 5, 1982),
A(Wardle, 1975), #l(Meyrick9} Brigham, 1983) %

9] A7 Be 9L 71Ata o i Fiol ofF
7+ £A4re] 1AL 7+ U mitochondriadl] A 9] ade-
nosine triphosphate(ATP) A4 ol (Schumer %,
1970; Mela 5, 1971; White 5, 1973), B Al &
o3ls B2V AR 2 s e ZiAL Fol (Berry
5, 1968; Berrys}l Rippe, 1973; Shackleford, 1986),
BEH PN ST AT A& FY 4 (Balis
S, 1978; Balis 5, 1979), AX9| #IAR fFHe
lysosome] #3] &0 o3 @ (Janoff 5, 1962;
Filkins, 1971; Hirata %, 1980) $o]t}.

a2 WEAY S5 71 dside dsael
©]% 34 ¥4 A (Boivin 5, 1933; Laderitz 5, 1966;
Rossen %, 1967; Rudbach, 1971), WS4 B4
Ao sl A A A (Schultz} Becker, 1967a; Schultze}t
Becker, 1967b; Onda 5, 1986), "l Aol <)%

=4 A) A4 (Benacerraf2} Sebenstyen, 1957; Ru-
tenberg %, 1967) To| o 53| o|FoM w4
wm Al 9§ W =4 AAH] S Bt o]
TR A ZAA 7 v Fo] WEAR AA 7
2 7)5g 3e Aoz 2384 leon e dHE
S8 3 A7 (Trapani 5, 1962; Palmerio %,
1963; Fine 5, 1968; Bjorneboe$} Prytz, 1972; Triger

%, 1972)7} Bo)] o]Foixx Ul
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olgA 7He EHERE wEd St AA lkinson, 1976¢) A 3EW o) A= mitochondria®t M| E
FTHHE A7 # ofdE sk 93 3tz Hoj) Aol EA3= T (Plaut, 1963) 24 A&
A7) E4E e PSS AL ok WA 24 A Xo)AME mitochondriad] A8, 7HHE
o B 7he] YA 93 &4 2 YEL A F2 MEdd Zx3ria H1(Pette, 1966)
AAeN kel AarEo] ojWl WHES Holex o} 51 Qlch
He e WEAL 839 oldd mgo] € ol o] A7E WE4L Fort guiAb 2 7zt I =
g9 lactate dehydrogenase(L-lactate; NAD™ oxi- Hho] oW L wx)=rtE YolR 7] %o
k)

doreductase, EC 1.1.1.27; LDH) < A AW ol A nicoti-
namide adenine dinucleotide(NAD*) & 3}ol] s
g 9] w2t 4FE9) L-lactate} pyruvatezte] 7}
o2 b3 E9 WS Evl ke 540 th(Kim, 1979
a). °] 4% B3E gl Boshe ZE B9
AEWel &=l 9o (Zimmerman, 1964) 53]
AL, 4, 7 2 A el 2 %o 2oH(Zimmer-
man, 1964). 28] A XYM AFEA Yo 1
gaFo] F R3ltH(Wilkinson, 1976a). 38k o] A9
dx= F4 HZ73MZ(Rotenberg 5, 1988a;
Loughlin -, 1988; Jensen %, 1990), 7}3%%(Glan-
noulaki %, 1989), d&H (A T, 1987), HEZ
(Rotenbérg =, 1988b; Rotenberg 5, 1988c), 3«
(Sugaya 5, 1987), 21 A% 3} &, 1989), tFHA &

% (Copur %, 1989), ¥ 7+H(Zimmerman, 1964)
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Malate dehydrogenase (L-malate; NAD* oxidore-
ductase, EC 1.1.1.37; MDH)+= AW NA L-ma-
late$} NAD'2 X¥] oxaloacetate®t NADHE 4 A
3l WHe-8 Fujdte & (Wilkinson, 1976b; Kim,
1979b) 24 S BN & AZ, T4, 712 A SollA
2ol F4HA 1 g¥x BrH(Délken 5, 1974; Wil-
kinson, 1976b; Tyagi 5, 1977; Comte9} Gautheron,
1978; Passarella -, 1980; Crow %, 1982). Lg|1
A XM= 2 A A3} mitochondriad] H 2 5
o} lth(Wilkinson, 1976b; Passarella 5, 1980; Corw
5, 1982; McEvily 5, 1985). =3 o] 849 S =+
A 7_10/\}12_’ g}oﬂd/\é Z]-od 71—7:}&15 mﬂgﬂﬁ ﬂcl— %
Aol A Fol F
ZA(Bing &, 1957) 2.2 &#A vk
dinucleotide phosphate
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Nicotinamide adenine
(NADP') dependent isocitrate dehydrogenase (iso-
citrate: NADP" oxidoreductase, decarboxylating, EC
1.1.142; ICDH) = 718<) isocitrateE ©<2 2 &
gabsled  a-ketoglutarate 2 A A 7]+ &4 (Kim,

1979b) o)™ 31, A, BAZ Foll 53] EA S (Wi-

gram S30F AbgA 71 E3 Ush ¥95E
farstels 43 gt (Schumer 5, 1970; Mye-
rowitz, 1971; Utili 5, 1977) o)A 2% lipopolysac-
charideZ #F oA Fdsta A3 oA FojA}
2 mitochondria®] 7-A4t 3] 2 ¥Hg-o] #AE 4 F
LDH, MDH % NADP* dependent ICDHS] &A=&
Z43t¥gem™  o}ge alanine aminotransferase
(ALT) ¥ aspartate aminotransferase(AST) 2] &4
EX 34 FHe 1 ARG 43 va AESA
Mz 3 e

2 2 MR TE2 4T\ & 2UoE A}
L A5 280-320g°] ¥l Sprague-DawleyZ 2] &
£ AHgstdon WEA YL ¢ gxves
FoiA A WEA FY F2 A Ade F4
F- 3A17L, 8AIZE 2 24X Tt F1 & Zh2} 10vHE) ) Fof
Ago) AF3tgct

Z AETEE N el Estgon AF dFd
AHZ 2N Z ARSI AtE e ASEHe IY
AlgE FABALY AES U= E Syt g2
A ANGFE AS kgD 1.25mlE FYstgen v
=& FATE 943 59879 Wyl ot Si-
gmarthe] W52 (E. coli, 026; B6, lipopolysaccharide,
Sigma, USA) & A 2] A Aol dmg/mld] T2 5o
A F kg Smgol HEE 9] AA W o 2 =93¢

Alek : DL-lactate lithium salt, phenazin methosul-
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fate, 2-(4-iodophenol-3-(4-nitrophenyl)-5-phenyltet-
razolium chloride, B-NADH(reduced nicotinamide
adenine dinucleotide; yeast grade Ill, sodium salt),
B-NAD " (nicotinamide adenine dinucleotide; yeast
grade 1lI, disodium salt), oxaloacetate, B-NADP ' (ni-
cotinamide adenine dinucleotide phosphate; from
yeast B-NAD", sodium salt, Sigma grade), DL-isocit-
rate, manganese chloride, EDTA(ethylenediaminete-
traacetic acid, disodium salt), 2,4-dinitrophenylhyd-
razine, sodium deoxycholic acid, LDH(lactic dehyd-
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rogenase, from bovine heart), MDH(malic dehydro-
genase, from porcine heart, transaminase %8,
L-alanine, a-ketoglutarate, L-aspartate, =X FH 2
(enzyme control 2-N) 2 HF ) 9 (10g/100ml, bo-
vine albumin) &< SigamAte] A)F-S AFE3Ah
2 9 4¥t NYEL BEF Ev 4FFS AMEE
At

& 9 MERE @ o] &2 ether vH3 3ol
Al AAstRos BY gFHo 2 BE Y3 HE
AEAAZ & R A#d g 4°Ce A
HAFZ BREA 7o) do} W A AAG
s e AEEAY. A& 1S AXE 759
Shatsted 7hol] Hol Qe A2 AES5E 7 g
25 AASAY oA A& 2 ZA oA
HAHo g eI T3 g 1F 5¢F FHIA 9
u 22} 0.25M sucrose?}-& ¥ of teflon glass homoge-
nizer(ThomasA} Al & chamber clearance 0.005-0.007
inch) 2 2-4°CE fX3dA 400rpme] $52 24
23A 53] FE vkt 10w/vs o hxF dE
A& HEAY. 2PuE o] tEH AN 4omlis
# 8} sucrose linear density gradient 941%-2]%
(B&E2A 7 232 1986) 2. & cytosol 2 mitochond-
riag B3 & k29 vhdf) AR L 571Xg
(average relative centrifugal force, |3} A 2§ ol A

B AR st 239 ninly BE ¥ 9 A

E"# FES AAY o, 2 FFNE 7,796 X gl A
0% 7t AAE 25 pellets FH Y-S Ao o
FA A A FHYE tHA] 104400X goll A 1412
A4 E) 8t pellet? FH A& ATk o)uf Hol
FH AL cytosol o2 AME3T) 3 99 7,
796X goll A 2087 Al HA A B pel-
let2 0.25M sucrose o] HEA|F)I o] AL 2045
w/v% sucrose linear density gradient&%& Y&
LAF AR —‘?‘?}’\]?4 45,200 X goll A 2083 944
23t d2 HAES 0.25M sucrosed ol AHPE
AA 7,796 X goll A 205—{* DAL 8 pellet2 &
221 o]ZR-& mitochondria ¥ o 7 AE3th

Ao AEEY AHoM BE 2L 2-4°CoA
Ao olm 2143 YAE2]71% Du Pont
Sorvall*}¢] RC-5B refrigerated superspeed centri-
fuge9} OTD-65B ultracentrifugeth. 18} 3L sucrose
linear density gradient £%2] #|Z% gradient for-
mer(ISCO model 570) & Al&3ted A z3tQch

EAAS =M 8Y 2 o XA Q1o
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AAANEZ A3 .2 mitochondria® ultrasonic
dismembrator(Fisher model 300)2 20+04 K cy-
cle/sec?] £E2 2-4°CollA 284 53] 255} v
3l MDH 8.A4A 8.2 A3 E 3L, 1% Triton X-100
© 2 X3 mitochondria &2 ICDHSY] &A4A]
g8 A3ttt 21281 mitochondria €S 1%
sodium deoxycholic acidE &% 1% sodium bicar-
bonate} 2.2 28] 3% ¥ MDH &EXAIFE. 3 g
g EA3 wg o2 229 npyF ¥ FRFR
ﬂx%s}oq ALT 2 AST &A1 82 AM3HTh
A8ME £ 8% 9 719 LDH 4% &

AL LlactateE 7|22 sl 2&4AZA NAD'E
Z7F &9HA 2 phenazin methosulfate 18] 24
Alefo 2 2-(4-iodophenol)-3-4-nitrophenyl-5-pheny-
ltetrazolium chlorideE AH&-3ta] 37°CoflA 587
W3- A7) = Btoll A == formazane] A4S v A
R sl Babson 2 Phillips(1965) &) #hdel 3}
geon xS @9l= 3 i, T cytosol
ol 1mgd Wroblewski &9 (Wréblewski®} LaDue,
1955) 2 #absle] JER) AT

¥3y 2 7te] MDH 84 % &4 & oxaloacetate}
NADHE 7|d=Z 3o 30°CollA] 283t vkg-A)7|+=
F2tell 340nm g X HAF ) E 3= NADH7t
NAD*2 23ts|uiA ZHhdhe FFE2M 5484
& ZA 3= Siegel 2 Bing(1956) 9] #Hg el o8ty
o} 283 o] A4 XS] Y 18 mig
Y & Imge] Dol ¥h-3-3led A3k NAD 4%
nmolZ WERN ST

83 ¢ 9] ICDH 4% #3H2 isocitrated}t
NADP' & 7|42 o 37°Coll A 3083 w3 A 91=
Eeto] AAE a-ketoglutarateZ 2-4-dinitrophenylh-
ydrazine©.2 ZMA]A 390nmell A u]A A Fste=
Bell#} Baron(1960) 9] wid] <lgtgon o &4
459 BE 1830 1mie] % 22 1mge]
o] ¥k8-3}ed Y A3 NADPHE nmol @912 1}
Ehf it

H3 2 7he] ALT 4% =42 L-alanine® a-
ketoglutarates 7122 Alg-3}o] 25°CollA] 1083+
BES-A) )= F<2tol A€ pyruvic acid”} NADH 2
LDH &&3&}o A lactate2 = NADH7} 43}
Ho] NAD*E HUAM gisle FFE2M 84 &
AxE =43+ Karmen $5(1955)9] "ol 93}
Aok 283 o] E4 BAHEY B9 ML T

7t cytosol @ mitochondrias ©%¥ 1mg™ Karmen
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T2 $haksted JERR QT

g3 @ 9] AST 84x £ L L-aspartatedd
a-ketoglutarateS 7] 2 & AF&3te] 25°Cof| A 1087+
HES-A] 7] B<toll A A€ pyruvic acid”} NADH 2
LDH # &30 malate® 2w NADH7} 23}
o] NAD' 2 EWA Zardle §F3=2AM 54 &
& &4 3= Karmen 5(1955) 9] ol o3t}
agla o] 549 45 99%E Karmen B9 =
2 el=

AU E #ol7] 913} Sigmarle] HF AL E A}
B3t ARt oen e Algd tsld 23] &4
ste] 1 HAAE HIPh o] AP 2+ &
Y= EA A2 EFFTAE computer cont-
rolled enzyme spectrophotometer(Varian, Cary 210)
Aot

Ty Mak: g9 Fo R a2 05N perchlo-
ric acid®} methanol-ether 3:1 EgtYo g @S
A A (Greenberg®} Rothstein, 1957) 3+ th3 biuret'd
(Gornall, 1949) .2 A3ttt

MY Y Aol ZF AAH s FA8 HAH e

Student’s t-test(Schefler, 1980) <l 2|3t}

T

=4 Fo{7t €3 F FZbe| LDH g4 Tl 0]
R Fg: AT kgd omge] HELE FAYE o

gy 2 HH 79 cytosol ¥&o] LDH &4 %9
HEe ¥ 1% 2t YEL 5479 ¥4 LDH
FHEE gz " A¥ A7 FHE YE
Ytk & ¥3 LDHE WS4 59 F 343
g7 g oF 19% (P<0.001)9 84 3718 4
Ellon Azt & 19%(P<001)9] 84 F
7+e JeER ATk 24 A1 7ol = g2 atol vlE) o 11%
(P<0.05)9] &4 F71He Jeii. 2382 WEL
Fo 79 7k cytosol #3829 LDHE di+o H|s|
A3 A7 843 E7HE JeR A & #3] cyto-
sol £32] LDHE WE4 §o ¥ 3A17k thzTol
visf oF 14% (P<0.05) 9 &4 718 JehfiieH
8AI 7kl oF 16% (P<0.001) 2] &4 F715 YeY
Atk 28 1L 24 A1kl dj &7l HE] o 14% (P<
0019 84 F7ts e,

=L Foi7h 83 2 FZtel MDH &AMz
O|X|= Ak : AF kg 5mgd] WELE FAPL
o 4 2 83 7+ cytosol® mitochondria 53 9]
MDH &A% HEL ¥ 29 ol Yz 834
MDHE =4 59%F 3x 7o) gz Hsf <
24% (P<0.05)8] &4 3718 Jelien 8A7H
€ o 54%<000D¢ €4 Z71E JehlAL. 24
Al gz ae) vis) ofF 11% 9 84 F718 ¢
Ehfglont BAEA o= Qi 2dx WEL
T 9] 7t cytosol &3 9] MDHE ti2tol 3
A3 A7 geYe €A HEL UL 1Pgm

=4 Fo9F29 7t mitochondria £38¢ MDH&

Table 1. Effect of endotoxin on the serum and liver lactate dehydrogenase(LDH) activities in rats

LDH activities

Hours
after Serum Cytosol
endotoxin (Wroéblewski unit mit) (Wroblewski unit mg protein™)
injection
Control Endotoxin Control Endotoxin
(%) (%) (%) (%)
3 521+50 619+41*** 2,945+171 3,363+476*
(100) (119) (100) (114)
8 512456 608+48** 2,952+165 3,431+341***
100) 119 (100) (116)
24 503+42 557+47* 2,983+176 3,336+270**
(100) (111) (100) (114)

The data are expressed as mean+SD with 10 rats in each group.

; For control group, the rats were injected physiologic saline solution,

and endotoxin group, a single dose of 5 miligrams of lipopolysaccharide

(E. coli 026: B6 from Sigma Chemical Co. USA) was injected per kg body weight.
Significant difference from control(*; P<0.05, **; P<0.01, ***; P<0.001).
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(P<0.001)9] €4 5718 JehUT

=2 Soi7t #8 % FZhel ICDH BT
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o ¥4 2 #8H 79 cytosol# mitochondria £ 2 <]
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A ICDHE dz o vla) A8 A7 84 S/
GERATH & 84 ICDHE WS4 435 341219
ol HlE oF 124% (P<0.0D) 9] 84 J7He
eIl 8A el = oF 171% (P<0.05)9] 84
V2 JER At g3 244 2ol i Z2Fol vl 8
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2o 79 2t cytosol 2| ICDHE W E4L Fo &
A el vlE oF 12%9 84 TAE
el o BA8E oo ¢ldith 841zt
izl vl o 19% (P<0.01) 9 84 HAE
e n 24A7elE ¢ 12%(P<0.05)9] i
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Table 2. Effect of endotoxin on the serum and liver malate dehydrogenase(MDH) activities in rats

MDH activities

Hours
after Serum Cytosol Mitochondria
endotoxin (nmol NAD™* mi! min™) (nmol NAD* mg protein? min?)
injection
Control Endotoxin Control Endotoxin Control Endotoxin
(%) (%) (%) (%) (%) (%)
3 489+97 607+123* 3,376+250 3,588+488 9994168 1,470+ 345**
(100) (124) (100) (106) (100) (147)
8 476+85 732+146*** 3,387+262 3,532+405* 1,012+173 1,489+ 322%**
(100) (154) (100) (104) (100) (147)
24 470+ 88 524+79 3,392+258 3,234+299 1,026+178 1,056+182
(100) 11y (100) (95) (100) (103)

The data are expressed as mean+SD with 10 rats in each group.

; Endotoxin was given as described in table 1.

Significant difference from control(*; P<0.05, **; P<0.01, ***; P<0.001).

Table 3. Effect of endotoxin on the serum and liver isocitrate dehydrogenase(ICDH) activities in rats

ICDH activities

Hours
after Serum Cytosol Mitochondria
endotoxin (nmol NADPH* mi! min) (nmol NADPH' mg protein?! min™)
injection
Control Endotoxin Control Endotoxin Control Endotoxin
(%) (%) (%) (%) (%) (%)
3 3.3+08 74+4.1** 236+30 208+43 145+ 22 146+19
(100) (224) (100) (88) (100) (101)
8 34+0.7 9.24+6.7* 241+32 196+25** 150+24 157+15
(100) 271) (100) @81 (100) (105)
24 3.340.7 4.7+1.2* 239+28 210+23* 148+19 144+40
(100) (142) (100) (88) (100) 97

The data are expressed as mean+SD with 10 rats in each group.

; Endotoxin was given as described in table 1.

Significant difference from control(*; P<0.05, **; P<0.01).
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Table 4. Effect

of endotoxin on the serum and liver alanine aminotransferase(ALT) activities in rats

ALT activities

Hours
after Serum Cytosol Mitochondria
endotoxin (Karmen unit mi?) (Karmen unit mg protein™)
injection
Control Endotoxin Control Endotoxin Control Endotoxin
(%) (%) (%) (%) (%) (%)
3 31.8+3.3 34.2+58 2,236+620 2,337+812 64+18 1064 20***
(100) (108) (100) (105) (100) (166)
8 30.5+3.6 63.8+38.3* 2,243+632 2,332+608 66+16 112+52*
(100) (209) (100) (104) (100) 170)
24 30.8+3.0 314437 2,249+626 2,308+563 63+18 69+24
(100) 102) (100) (103) (100) 110

The data are expressed as mean+SD with 10 rats in each group.

; Endotoxin was given as described in table 1.

Significant difference from control(*; P<0.05, ***; P<0.001).

Table 5. Effect of endotoxin on the serum and liver aspartate aminotransferase(AST) activities in rats

AST activities

Hours
after Serum Cytosol Mitochondria
endotoxin (Karmen unit ml?) (Karmen unit mg protein™)
injection
Control Endotoxin Control Endotoxin Control Endotoxin
(%) (%) (%) (%) (%) (%)
3 814+122 132.8436.3***  1,726+470 1,535+384 1,136+130 1,184+121
(100) 163) (100) (89) (100) (104)
8 82.1+116 165.3+63.4*** 1,741+452 1,412+391 1,133+126 1,141+190
(100) (201) (100) 81) (100) (101)
24 218+11.2 95.6+20.2 1,736+443 14974314 1,138+134 1,136+110
(100) 117 (100) (86) (100) (100)

The data are expressed as mean+SD with 10 rats in each group.

; Endotoxin was given as described in table 1.
Significant difference from control(***; P<0.001).

459 ‘ﬂoL B 4% 2ok g 54 BT 83
ALTE & B & 8AZhe] thzzT e ]3] oF 109
%(P<005)4 g4 712 Jehigio.
o7 2] 7 cytosol #& 2] ALTE &7l Hla] 2 ¥
A7z o9l e MEe ok aEa W
=2 %79 7} mitochondrial 82 ALT+= U
54 5o F 3AI7te] tizo B3] oF 66% (P<O.
001) o] &7 718 VRl o 8AIzbell = 2k 70%
(P<0.05)9 &4 378 Jelidr
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ICDH #4 W% Ixe 4%

Atk A% FEAA WELE FAHL 1 lactatet
AEoN BHHoz AAHA E3AY o] &HA
2t ¥Fo) Z7l9d(Mela %, 1971; White 5,
1973) 1 3}, g to 2] RF ALE HAEE
Ax2F o] YeERdTH(White 5, 1973) 2 g}, whehA
o] Aol 7t cytosol ¥ LDH &4o] S7HE
AL AaarZzoz s LDHYF f=€ WFo] of
U7t AzrEn o] 2918 pyruvateo] A lactate 2 9]
hA7E F7 AL o] F7HE lactate7t EAIE o)A
AA Z& o] &HA B3ld a2 FF frEH
WA HF lactatex| 7 F7HR Rolgt AzET)

a3 WEL 59F 23 248 #FF 1A
5-(1987) 2 Onda 5(1986) 2] Aol &J3hd W24
2oF 4-6A7HFEH 212 AL @44-E v o 84)
ele AL o) XY o]lF 24A7t7A A
2"t 3y AdLFoR MEF 9
LDH7} 23)Alg Q1% 7t ¥ute) B34 oz
5o FEgo2A 85 LDH 84e) 719 A
oz AzHEd,

o] AgA WEA FojFo 84 MDH 4 =&

E4 RoF 3A7F 2 A7) F7+E e
o} 7t cytosol ¥8e] MDHE 2% #7717 9 9Ude
49 WEe gldd. 18a YE4 Fo2y 3t
mitochondria 8¢ MDH= W =4 $49 ¥ 343
2 gAIZk 84 F71E JERfIdTh =3 84 ¢
7t cytosol ¥ mitochondrial ALT= MDH$} #2
A%S YeEu ALTE A X F83] &4
(Wréblewski %, 1956; Sato %, 1982)3}0 7t Aol
2 7159 5483 AFE A (Melby 3, 1959;
Clermont %5, 1967; Dixon ¥, 1975; Sato %, 1982)
H1 Qo 22ln 4F A 2 AF FEA
7t Fo) A BF9) ALT F7}+= 7Ho) A 9] #-2& (Matloff
3, 1980; 7 %, 1989)2 4#A Aok 53| YHLe
mitochondria 9-& }3 3+ch(White, 1973) 2 2& A
Qe WE o] AHNA ¥ ALTZ 571 2L mi-
tochondrial ALT$} 34| cytosolic ALT7F 8F o2
F2d HEolE Ay EYsiA dFsrlE o
291} mitochondria®] A cytosolZ #& 8 4 T+F9)
ALT7} ¥Fo2 FE5H2EAM cytosolic ALTE &
Ao WFo] ity A4t =3 MDHX: ALTS:
2L A2g Yevka Az g o] 484 mito-
chondria MDHE Fd4t 320 #AAEEs A4Z
WE4 FolA ATP7} Zaduhe E1(Staples §,
1969)8 & W 1 @A) i oy

2338 ZUtEAt. a2 ATP #FHAe9 RiuEo
F2 487 Qag wrgo] #o3e TAES 7T
A 8H(Schumer %, 1970; Mela 5, 1971; Stanley %,
1988) k= 3} o] AF AFoz AAHE W
E40) 93 ATP AA Adhe FAA 529 A
A7t obd HH AkstA QQasl WG] JFS
Zo 24 olFojxgy AAHEY. 181 5L F
oJ A] mitochondria MDH 2 ALT @49 57} €%19]
FAZIIAA Fu) 589 F7IAAE o] AFPTL
2 JE3A Hug 5 jlen gog FTHRE
otof 3T

o] Ay WEL F979 ¥F ICDHE 49
A7) 34 F74 eI US4 T3] 1t
cytosolic ¥-3 9] ICDHE WE4 Fo ¥ 8AI
24N 7o) A4 TAE JeEhgTh a2l Wsa
2o 7} mitochondria ¥2¢] ICDHE Ad A
217 UE A WFo] YAth F WEAe
T4t 3)24) BJstE mitochondriag] ICDH&
FEFE YA e Aoz YZtEn. ol WELTL
T4 slg2e AAFA gede FE AR
w3t A% golg) A 13 A
ICDHE Z7}5l3 ZA)d] 3t cytosole] ICDHE 7
28+e Ao g Ho} 7t cytosol?] ICDHYE 8F o2
FEEo2A Yehd ddo|et Aztdr.

o] APl HEL T A ASTE 5L
FAF A7 2 gA e 84 F7HE eI
a8 WEL FoF9 7t cytosol € mitochondria
3o ASTE Ag A7 9osle 849 s
Y. AST= ALTS mhatAz ZdEz 24
¥ZF o2 §25= A(Wikinson, 1976d) 0.2 &3 A
o o] APtog= 9 AST F717} 7hellA
AAE AST7} 802 250 vehd AR
oly® AST7} 4], 223, A(Wréblewski 5, 1956;
Wilkinson, 1976d) & 3t ol9je] A7z F¥-3
T g2 A7l FEEe JYed 23AAE
A gt whetA o] ZAES A A=
o2 A4 ATt of 3t

(=} oF
=4 =

=4 Tt ZuAL E FALL H 2 ghgof ofd
QL X e7tE golR 7] H3td FFHANA AF
kg3 5mge] lipopolysaccharide® FY3}3 3, 8 2L
24720 A R #F 7 A FYA 2 mitochond-
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ria®] TH4 =z #YP F4Q LDH, MDH 2
ICDHe] E4=& ZA3ste g ALT 2 ASTY
ERET A 23 1 AAL A3 va HE
st ot

ol AP PELE FARE W) 84 E 7T cyto-
sol #3 9] LDH= 43 A7 84 3712 Jehy
Art.

WEL FoFe 83 MDHE US4 9% 3
Al 2 ATt 84 F7HE Jehiig aeln

4 FoFe b cytosol ¥89] MDHE A3
AZIL oelgle gAY HEL g EAL F
o 79] 7} mitochondria #¥<] MDHE W54 59
X 3 & 8AIZ 84 F7HE JERSICh

WEL ¥4 ¥4 ICDHE 48 AN 84
Z7Fe JeEidth WSS FoF9 7 cytosol #
o] ICDHE WS4 Fof 3 8AIZ 2 2441 2be)) &4
Z2E e 2282 W54 B9 2F mito-
chondria ¥3¢] ICDHE #¥ A717F gode &
Ao HEe gl

WEL B4 A ALTE UEA 93 84
ol &4 F7HE JEAT US4 Fo79 7
cytosol ¥29] ALTE AdA77 9oUds 849
HEL QA

o4 Ao Hot UEALE FHRE 1 cytosol
#3829 LDH #40] 57M19 AL AdnFToz U3
LDH7} =¥ wieladt AA8g. 18 8%
MDH, ICDH ¥ ALT 4 %9 %7} mitochondria
9 cytosol?] ©| & EAVF @Fo R FEH0] YEG
A3 2 Az+Er} Mitochondrial MDHS) &4 3719
mitochondrial ICDHS] &-4¢] H3slgles2 W5t
o)k ATP A4 Asle FH 9= FA4 329
AA o) i}t o AP Aoz islF <liks)
vhg-o] PGS Fo2H o]FoWTe FE AAE
g A, 283 WEA] FHGA] mitochondrial
MDH 2 mitochondrial ALT2] &4 F7}= 21 Z7171
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=Abstract=

Effect of Parenteral Administration of Endotoxin on the
Changes of the Serum and Hepatic Lactate Dehydrogenase, Malate
Dehydrogenase and Isocitrate Dehydrogenase Activities in Rats

Chun Sik Kwak, PhD

Department of Biochemistry, Keimyung University
School of Medicine, Taegu, Korea

Kyo Cheol Mun, MD; Sang Chual Kim, MS

Microbiology Division, Kyong Sang Buk-Do, Provincial
Government, Institute of Health and Envirnment, Taegu, Korea

Do Young Lee, PhD

Health Division, Kyong Sang Buk-Do, Provincial Government, Taegu, Korea

The activities of the serum and hepatic lactate dehydrogenase(LDH), malate dehydrogenase(MDH) and
isocitrate dehydrogenase(ICDH) related to the carbohydrate metabolism and mitochondrial citric acid cycle
were studied after parenteral injection with endotoxin for menifestation of the mechanism to the liver demage
by endotoxin especially carbohydrate metabolism and adenosine triphosphate(ATP) production in mitochondria.

A dose of 5 milligrams of endotoxin(lipopolysaccharide E. coli 026: B6, from Sigma chemical company,
USA) per kg of body weight was administered through a right external jugular vein. Then the rats were
killed after 3, 8, and 24 hours of injection with endotoxin to measure LDH, MDH and ICDH in serum and
their liver. Alanine aminotransferase(ALT) and aspartate aminotransferase(AST) were also measured in them.

The serum and cytosolic LDH activities in rats treated with endotoxin were significantly increased between
3 hours and 24 hours.

The serum and mitochondrial MDH activities were significantly increased between 3 hours and 8 hours.
But cytosolic MDH activity showed no significant change.

The ICDH activity of serum was significantly increased between 3 hours and 24 hours. But the cytosolic
ICDH activity was significantly decreased between 3 hours and 8 hours. The mitochondrial ICDH activity
showed no significant change.

The serum ALT activity was significantly increased after 8 hours of endotoxin intoxication than control.
The cytosolic ALT activity showed no significant change. The mitochondrial ALT activity was significantly
increased between 3 hours and 8 hours.

The serum AST activity was significantly increased between 3 hours and 8 hours. But the cytosolic and
mitochondrial AST activities showed no significant changes.

Based on the results, the increase in the cytosolic LDH is due to the induction of LDH by hypoxia. And
the cause of the increase MDH, ICDH, and ALT activities in serum is that these cytosolic or mitochondrial
enzymes flowed into the blood in large quantities through damaged hepatocyte membrane by endotoxin.

Increased activity of mitochondrial ICDH activity and no change of mitochondrial MDH activity mean endoto-
xin decreases ATP production through direct suppression of the oxidative phosphorylation and it does not
affect to the citric acid cycle.

The cause of increase in the activities of mitochondrial ICDH and mitochondrial ALT is not clear whether
it is due to the increased biosynthesis or increased catalytic activities in these enzymes.

Key Words: Alanine and aspartate aminotransferase, Endotoxin, Isocitrate dehydrogenase, Lactate Dehydro-
genase, Malate dehydrogenase



