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Gram 479 Zger 285 WEL €52
A B7lo) &4 (Toba 5, 1982) & #4430 53]
ZH(Hirata %, 1980; Sato %, 1982)o] €& d%&
WAD D gk WE el oF 1 &4 3+ mito-
chondria®| A adenosine triphosphate(ATP) 447
A (Schumer 5, 1970; Meal &, 1971; White &, 1973)
o FuiAbel Boste ALY 7w AR dHe
DA} o) (Berry 5, 1968; Berry$} Rippe, 1973;
Shackleford, 1986), 54 HdW FnFoz A%
A g4 &4 (Balis 5, 1978; Balis %, 1979) ¥
THAE 2 a0 2 #-8)5+= lysosomes) £33 & 4ol
A% 3 ME) A7} F8 (Janoff T, 1962; Filkins,
1971; Hirata %, 1980) 5& & & U

Autd o g TEAe 2o &4& UE Y=
A X R 27132 lysosomee) BajdhAl £ o] lyso-
sometfoll A} 409 % 9] AH7h4 B8l HAVE i
o] 2dti(de Duve, 1963; Weissman, 1965; Allison,
1967; de Duve, 1970). 1¥] 11 lysosome®] EAE F
tE A AA7 vlE cathepsin® ¥ acid phospha-
taseo]t}(de Duve ¥, 1955; Comolli, 1967).

Cathepsin B(EC 3. 4. 22. 1) 9} cathepsin H¥ thiol
proteinase®l & &2 (Kim, 1979b; Kiminami %,
1985) 0] cathepsin D(EC 3. 4. 23. 5) & carboxyl
(acid) proteinase®| 43l &2 (Kim, 1979¢) )¢}
ol HAvE FEY Ao RE 23N 7R BX
(Barret, 1970; de Lumen %, 1972; Etherington, 1972;
Widmer ¢} Widmer, 1975; Barrett, 1977a; Whitaker 2
Seyer, 1979; Yamamoto 5, 1979; Satave®} Katyare,
1981; Kiminami %, 1985)=¢] gloem 53|, 71, 4,
v, o 2 ] FelA] 1 g o) gbelri(Barret, 1970;
de Lumen %, 1972; Etherington, 1972; Barrett, 1977
a; Yamamoto &, 1979; Satav®} Katyare, 1981; Kimi-
nami &, 19851 o} o] EAEL HEYIAAE
F 2 lysosomeo HA(Turk®}t Kregar, 1984; Turk
5, 1984) Ho] Qlow oo A g st
e FHAE 2498 71A 0 A& H(Barret, 1977
a; Barret, 1977h; Bohley &, 1979) 2.2 d& 4 A}
olE f4Y F2 e 2 ¥3Ey 982 pro-pro-
teinE-& processingdtl A E ) 9jel chulo) Eafs}
HEol ZhE dule nd &8 ZHse Holg
(Barret, 1977b; Ansorge %, 1977; Benuck %, 1977;
Quinn®} Judah, 1978; Barat 5, 1979; Graf 5, 1979;
Burbach %, 1980; Satav$} Katyare, 1981; Gounaris 2t
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Slater, 1982; Takahashi %, 1982).

Acid phosphatase(EC 3. 1. 3. 2; ACP)~= pH 5
B 2o 4 orthophosphoric monoesterE8 7HpeE )
3] alcohol# 4H-& FE A7l & A(Kim, 1979;
Noel$} Lott, 1987) 24 T2 =3 (Straus, 1956;
Bonting 5, 1960; Bingham %, 1969; Kaneko %,
1970; Payne, 1972; Nyquist®} Mollenhauer, 1973;
Lam 5; 1973, Baccino9} Zuretti, 1975; Belville %,
1978; Lam %, 1979; Zuretti 5, 1982; Nordstrom
%, 1985), A A(Bingham %, 1969; Butterworth %,
1972; Modder, 1973; Yam, 1974; Keough &, 1982;
Lad, 1984; Theodorsen, 1985) ¥ ¥ (Bingham 5,
1969; Li %, 1970; Belville 5, 978; Theodorsen, 1985)
Sol dz] ¥ o] glon E3 A &
e 7 H, ¥ 7135 (Straus, 1956; Kaneko 5,
1970; Zuretti 5, 1982)14 L #Ae] & Bt
ol 1 F4E FAga $it) o] AAhe FE
lysosome®)] ¥& <o} =4)(de Duve 5, 1955; Barka,
1960; Comolli, 1967; Lin®} Fishman, 1972; Himeno
5, 1988) 3 1 9} Ml ¥ A (de Duve &, 1955; Panara
%, 1980), A E£¥(Lin? Fishman, 1972; Panara %,
1980), W3 2 44 (Lin® Fishman, 1972; Panara 5,
1980), A Al (Ma%} Biempica, 1971; Nyquist$} Mol-
lenhauver, 1973)0% &3l Aoz deEA Ak
a2l o] &) Alelshy dge MEe) Buag,

g 2 =3 A8 dioz BAsE A
o]t} (Silbermann @ Frommer, 1961; Bodansky, 1972;
Noels} Lott, 1987).

mebA WELo 3 P &4 HHES lyso-
some©o] #A3e wF o218 lysosome EAQ ca-
thepsinE ¥ ACPx= WS4 594 ey &4
ol & Holth. 2l U B4 FoJA] 7hef 4] o]
ol Feo #g Mg Bue Zo} B £
At

o] A7 WEA 2% 2t 48 7I18g aLT
Hoz FHe7] 3 d¥o g HAAeH 53]

H2 52 FelE L lysosomed) oA T F
of71M 53] hAEe] ¥Helds wslele] wAE
YA E lysosome?] &l cathepsin B, D, HS}
ACPe] B4EE =43 =4 EFA &
FAo ZTEHE Yo} BogM ol Fil YsSh 8
ZolA ol A8E FAzA A

.

0 i

T

SE U MR : 5L 45013 2L 2002 A
%3 A F 280-320g°] 9= Sprague-Dawley® o] &
HAHE Ao WEA Y7 ¥ gxTor

FoiN A7 RA £ Z2 Ag 45 74
F 3217, 8217 © 2441200l HE ZH ) 10vfelY Fo
Aol AFstach

4 AETE A e 4R on AY #Fd
AT 2R ARIHY AtEE AwEe Y
AlR FA A AES HEE gy xS
A2 HYFE AT kT 12mlE FYA2H W
4 FYwe A 2F 5(1987) Y e wet Si-
gmarhe} W =24 (E. coli, 026: B6, lipopolysaccharide,
Sigma, USA) & A& A Q5oll dmg/ml2] TE2 59
A5 kgd smgol HxE £ Ao Fstuh

Alet: N, a-benzoyl-DL-arginine-B-naphthylamide,
mersalyl acid, polyoxyethylene-2, 3-lauayl ether, leu-
cine-§-naphthylamide, 4-amino-2, 3-dimethylazo-ben-
zene, disodium-p-nitrophenyl phosphate, p-nitrophe-
nol, L-tyrosine, hemoglobin(from bovine erythrocyte,
substrate powder), cathepsin B(from bovine slpeen),
cathepsin D(from bovine spleen), acid phosphatase
(ACP LIN-TROL) ¥ o ¥ 5 4(10¢/100m!, bovine
albumin) S Sigmarle) A E-S ALEEQPoH 19
AldEL 5F £5 4FES A3

MM E U MEEE : b} A& ether v 3l
A AAstod B2 e o2 R E AP HE
AYEAIA 2l F R A4#e g 4T A 4
AR BRI 2ol Fol AW Y E AAT O
7He A& HES e WEE 458 4
gto] Zhell ol le Al YT E 7t I 2F
AA AT olZA A& T A 2oM HH
o8 e EEE g OF 5pd FH3 oY
0.25M sucrose®& %o} teflon glass homogenizer
(ThomasAt A& chamber clearance 0.005-0.007
inch) & 2-4CE #X5hAA 400rpme] S22 24
287 53 & ol Wowv% e t2Y 3
Be BEU. 2ue o IxF FIY 4miE
#3t sucrose linear density gradient 9¥2 1 (&
ZA3 B2 1986) & cytosol¥} microsomeS
Bestant & 7 229 obd FAHE 571X glave-
rage relative centrifugal force, 13} A kg oA 10
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B 42 3e] 239 vol) 28, 8 A2
BES AAY O, 2 AAAE 7,796 XgAAM 20
B2 94883 pellets FANE ddoen o
HARA QL AFAE TN 104000X goll A 1417
A4 228t pellets} A NE AT ojuf Lof
AR HE cytosol B gt a0
Aol ol pelletd 0.25M sucroseoll {H
ga17] 3 o] N8 10-35w/v% sucrose linear density
gradient €& W& fgHET PR L3AA
88500x gl 1587 A ¥ st 44 T4 ¥
29} JEo) AP pellet® FolA 88500X goll A
147 94828k pelletd A1 o] 3 & 1A 0.25M
sucrosej ol A A A 88500X gl A 1A A
A28t pellet YAt o] pelletd microsome
Eog AN

§H lysosome F89 ¥zl Graham(1984)H &
7t £A st AMEEIHG. & 3 vk FAS o 10
mlE st 1,000XgolA 1087 ¥y F8o
Ao Aaelg A 3000%X gl 10827 €4 B
3 AN At 2 o] AAHAE E A
1,000Xgol A 2083 A4 F2l3td pelletd EUL
v o] pellet& 10w/v% sucrosedol #EHA|A 2
A 2L 37-72w/v% sucrose linear density gradient
£4g Pe YAF #AX | AL 2 3E o]
AAEBE 95000X gl A 2417 4] FEEho
51-57% (1.23-1.26g/cm’) sucrosed & F-lof A€
pellet& #H& F o] pellet® 0.25M sucrose§ o2
18 A 33l lysosome FHo 2 A3},

o] HEEY Ao BE 7L 24TA
Agslgien] olm AMgF 94E:e]71= Du Pont
SorvallA}2] RC-5B refrigerated superspeed centri-
fuget OTD-65 B ultracentrifuge vt 1] i suc-
rose linear density gradient &% ¢] A && gradient
former(ISCO model 570) & AH&3&e] Azt Hot.

BAAR =N 10w/v%E I vk #EGY] IF
Z8& #8}e uitrasonic dismembrator(Fisher model
300) 2 20+ 0.4 K cycle/sec?] £ 2 2-4Tol A 284
53 229 viy§ ¥ o] ¥-& cathepsin B, D 2 H¥
& A A) Z.(Barret, 1977b; Barret, 1978; Barret$} Kirs-
che, 1981)  AH&-3tch ¥ #el ¥ 249 lysosome
E83} microsome ¥ GNFOE Img/mivt X
E2 025M sucrose §o 2 HEAFIT o] @l
0.1% Tritox X-100-& |3t cytosol EH A &7
acid phsphatase®] AAAE(Moss, 1984) 2 AHg-3}

At
AEME EH 7o) cathepsin BY 4% &

AL N, o-benzoyl-DL-arginine-B-naphthylamide &
NAE ARl GAa N T4 40CoA 1083 %
2 A9 Eotol A4 E B-naphtylamineE & #Hdh=
Barret(1978) 2] Wwio] odtglor B4 IHe
15 2ol Img ] @ o] vh-g-3te] A3 ¢ B-naphthyla-
mine®] %-& pmol& EPN AT 749} cathepsin D9
4% 2L hemoglobing 712 ALR3l] A
oA 3} A 37Col A 1087 wH3-A 71 Betoll AR
tyrosine2 A %3l Barret(1977b) 8] e )3}
aon gAE vele 18300 mgel ©@io]
48t} AT tyrosine¥& pmolE ERN T EF
7t} cathepsin He] 84 = &3 -& leucine-f-naphth-
ylamine& 71 A& A4t EhA7 @Al 37CAN
1082t g A 7] F <ol A/ ¥ B-naphthylamide &
223} Barret R Kirsche(1981) 9] Wl 9315
om AR d9x 187 1mgd @go] nkg
st} AW A& B-naphthylamine®] & pmolZ e}
Welch elar 7+ X 39 acid phosphatase®)
#BAE AL disodium-p-nitrophenyl phosphate &
A\A gata] 37ColA 3087 NEEAIFIE Bt A
1 ¥ p-nitrophenol-2 2% 31 Moss(1984) 2] ol
sty on o] A4 BAES @ 187 mgs]
chifo] wh-g-3lal A8 p-nitrophenol®] %-& nmol
@2 Jepgdrk

o] AN AMAT EAFAE 2AYEL 21
AT E Eol7] Y3ty Sigmarte) BEF ELE A}
£3lo ARgQen 2 Agd Udo 23] F3
st 2 HIEXE Fegd. o AYelA A B
BT Z2H o) AbL§ B4R TAE computer cont-
rolled enzyme spectrophotometer(Varian, Cary 210)
At

el Hak: B4 Fo &% %L 0.5N perchlo-
ric acid®t methanol-ether 3;1 EFYog T e
A A (Greenberg®} Rothstein, 1957) & t}& biuret
(Gornall %, 1949)2.2 A #F3Yct.

AME HH: dold ZE JAEY Fo4 HAL
Student’s t-test(Schefler, 1980)° i3} ch.

8 A

=L Fo{7t FZte| cathepsin B, D ¥ H
Mol D)X= A : AF kg? Smgd) HELE
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oAHE u #FH 719 cathepsin B, D @ He 4w
HEL K 1,2 %339 2 WEL $9F9 cathep-
sin B SAEE WEL 5o F 347 2 847k
tzaol w& 2zt oF 48% (P<0.001) ¥ <o 37%
(P<0.01) 9 9%l 84 571 JeRIATHE 1).

Table 1. Effect of endotoxin on liver cathepsin B acti-

3A|Zbol tiR ol Bk oF 27% (P<0OL)S] 84 =
7te YR ITHE 3).

LIS4 Foi{7l FZiel ACP EAMTOf OjX s A
g AlF kgD tmge] HELE FHHS @
7tel ACPel 4% ¥HELS £ 4,5 % 63 2

Table 3. Effect of endotoxin on liver cathepsin H acti-

vity in rat vity in rat
Hours Cathepsin B activity Hours Cathepsin H activity
after (pmol B-naphthylamine mg protein 'min~1) after (pmol B-naphthylamine mg protein™'min )
endotoxin endotoxin
injection Control Endotoxin njection Control Endotoxin
(%) (%) (%) (%)
3 292+ 62 4321 84*+* 3 1,256+ 193 1,595+ 275**
(100) (148) (100) (127
8 290+ 58 396+ 76** 8 1,250+ 82 1,348+ 293
(100) (137 (100) (108)
24 287+t 55 322+ 56 24 1,242+ 173 1,288+ 254
(100) (112) (100) (104)

The data are expressed as mean * SD with 10 rats
in each group.; For control group, the rats were injec-
ted 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<.0.01, ***; P<0.001).

Table 2. Effect of endotoxin on liver cathepsin D acti-

vity in rat
Hours Cathepsin D activity
after (pmol tyrosine mg protein ‘min~!)
endotoxin
injection Control Endotoxin
(%) (%)
3 7975+ 2,357 12,780+ 3,235**
(100) (160)
8 7,921+ 2,286 11,315+ 2,989*
(100) (143)
24 7,896+ 2,252 8,496+ 2,556
(100) (108>

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).

WEL BT cathepsin D US4 Fo F
347 @ 8AIZte] ol vl oF 60% (P<0.01)
2 oF 43% (P<0.05) 9 €4 3718 JeEUtH(RE
2).

WS 279 cathepsin He WS4k Fo ¥

The data are expressed as mean = SD with 10 rats
in each group.; Endotoxin was given as described
in table 1. Significnt difference from control(**; P <0.
0l).

Table 4. Effect of endotoxin on liver lysosomal acid
phosphatase activity in rat

Hours Acid phosphatase activity
after (nmol p-nitrophenol mg protein 'min~!)
endotoxin
injection Control Endotoxin
(%) (%)
3 182.9+ 16.3 249.2+ 24.8***
(100 (136)
8 1786+ 154 238.8+ 26.1***
(100) (139
24 1772t 179 187.4+ 283
(100) (106)

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).

lysosomal ACP= W54 ¥ 3 3417 2 A7t
tizitol Hs Zhzh oF 36% (P<0.001) ¥ ¢ 34%
(P<0.001)9] 9J9sle 84 5718 YElRATHE
). W52 F4T9 cytosolic ACPE WEL B
3 3217 2 8AI7hol sl vl 3] 22} o 18% (P<
0001) ¥ oF 14% (P<00D] &4 Z718 Jehy
AHE 5). =2 FoF2] microsomal ACPE= 23
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Table 5. Effect of endotoxin on liver cytosolic aicd pho-
sphatase activity in rat

Hours Acid phosphatase activity
after (nmol p-nitrophenol mg protein™ 'min ")
endotoxin
injection Control Endotoxin
(%) (%)
3 29.7+ 3.1 35.142.9***
(100) (118)
8 282+28 3221+ 3.2%
(100) (108)
24 278+26 292130
(100) (105)

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.
01, ***; P<0.001)

Table 6. Effect of endotoxin on liver microsomal acid
phosphatase activity in rat

Hours Acid phosphatase activity
after {nmol p-nitrophenol mg protein™‘min"?)
endotoxin
injection Control Endotoxin
(%) (%)
3 38.1+ 35 39.2+ 3.8
(100) (103)
8 3761+ 33 400+ 4.2
(100) (106)
24 37130 402* 44
(100} (108)

The data are expressed as mean *+ SD with 10 rats
in each group.; Endotoxin was given as described
ir} table 1.

A7 A99le 849 HF) dUHE 6).
2

Onda 5(1986) % 738 F(1987)8] R & BY
HHANA NELE vFT FA8S o4 TelAe
4-6A17 F S AATL e o] 8AI o] H el
283 olF AMxa HEHJOU 243 AXNE B4
sz HEHAE FUT. WELE FA8YE | ly-
sosome WS40 o8 &48H FAld WS L
8 &4 we 7 239 AE 98 lysosomes]
AV 59 Aoz AZAn a8y o) A

YWELe) o8 7he] HAlrE 4A AR AdEE
tl% 719 cathepsin B, D, H £ ACP 4=+ UYEA
o] ¥ uAITelE A2 HEFHT i ole
24212 AR A& Ee YA F39 4238 Y3y
lysosome?) HAEo] WHEL F¢ F 2422 744
&Aooz 11 Gl FrtHE e AZdde o
Fibe Aol o] 4L o] YT g EHIA
Aol olgrh a3 okte) 2ol glont 3-
8A)Ztoll cathepsin® 3 ACP2] @Alol 77}t
A% E BF Ao g 3B Fe dule uA,
B3 &£ & A3 o|EL 75 (Barret, 1977a;
Barret, 1977b; Bohlye %, 1979)3 F#3F o=
Azt gt

UYEL Foda @F9 ACP BAe) F7igde
H 31 (Janoff ¥, 1962; Rangl &, 1970; Mori %, 1981)
S U EL T ACP7E 85208 f2¥de 2L
(Rangel F, 1970) % o] 4% HAoE v|Fo] &
) WEA $oA ACPE lysosomesiA] cytosol&
AX F2o2 REHe Aoz 4739 =9 ca-
thepsinE % lysosome®] F&F&= FEiolxw 1 84
2] W37} lysosomal ACPS} FAME Heg EHo}
ACPS} 398 A& AXNA F&7 YZdEr.

o] A¥olA 7+ cathepsin B, D, H 2@ ACP%]
E$AE F7 Ws4A F9 F 384T A2
Z} cathepsinZte] €73 W] & 3o}t glom 53
ACPS] 7% o @A 4429 microsomed e 8
Mol WEo) ¢le Mo ® Mol UEA Bdo ¥ 3.8
Azbell 7+e] cathepsinE# 7+e) lysosomal ACP9
4= Fvte BAde Fote olg# US4l o
ol &HAe ZFul &9 IV & Ao A
#r).

o] AHoNM cathepsinE 3 ACPE WELo) 2§
ko) AAE A FAEE WEA $9Y F 4-6413H(Onda
%, 1986) Bt A EL FY F 3A0 BE 2
ol F7tE D Ut & o] AN 2 lyso-
some?| B4 §AT F7t7F Y gkl Wt QU
ARE velted o] A& Wy E A 93] lysosomes]
&35 o228 #59 2+F lysosome A4 F
§o2 TMEe At} AZY #ZE 2789
Fe) g Wl xaE Ro| obdrt AzhEh

oliel H4¥ AHN F2& 2PARAE WELE
FAgg dv WSl o8 dAarE 7 23 4
BE 98l cathepsin B, D, H ¥ ACP7} 1 §4o)
FEET olgd] Zu BEEE Ve Hoz A
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Zrech. 28 WS g8 iysosomed] &AL
ol z7]e] olE lysosomed] HA7} cytosolZ &
5o AR Z4F Husky Wyl z8 A
o2 Azt 28y o] dF7 9& lysosomal
HAAES §4 WSS BF 23Y AL o7 o
Zoll ¢to 2 E} lysosomal AL S0 gt ZrpEql
A7t gty HZrEnh

2 o

o] d7v WE4L B2 A E W lysosomeo]
o3t 7 Ao 71AT 53 AT ety w3}
g}o] #AAE lysosome?] HEZH HA9! cathepsin B,
D, H Y ACP 4% & ZH3d US28FA
olF A9 THE Yol g2 ol T UEL
Yo olE A¥e setzmxat AA sl

E2 BoF9 cathepsin B8 Do g4 x+ W
Ed o F A 2 gAY 84 S8 Je
WRch WS4 £979 cathepsin He W =4 T4
F 3A 84 F7HE Rl

Y=L S979 lysosomal ACPY F#H =+ HE
2 Fof 3 3AI7E E gAY Qe 84 FUHE
Uetligen Wsis Tt cytosolic ACPE Wl
A Bo 3 3zt 84 FU1E JERRRG Ul
E4 o9 microsomal ACPE A% A7 9
ofdE ¥ HEel glich

olE MdAHoE RHol YEAE FAFEE ve
YA o3} DArE 7 239 238 98l cathep-
sin B, D, H 2 ACP7I 21 §X4o] fE¥x ol&¢
20 Z4% F/dE Rew MZEd a2z Y
40 93 Iysosomeo] &4H-& wol x7]o)] olE
lysosome 2] & 47} cytosol & F&Ho) 7t R 9 Z&
HeR sy W) zxad Holet AL
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Effect of Parenteral Administration of Endotoxin on
Changes of Hepatic Cathepsin B, D, H and Acid
Phosphatase Activity in Rats

Chun Sik Kwak, PhD

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

Kyo Cheol Mun, MD; Sang Chual Kim, MS

Micorobiology Divison, Kyong Sang Buk-Do, Provincial
Government, Institute of Health and Environment, Taegu, Korea

Do Young Lee, PhD

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

The mechanism of hepatic damage by lysosomes, especially the role of lysosome in endotoxic shock and
the relationship between lysosomal enzymes and morphologic changes of the hepatocyte was studied through
measuring the activity of lysosomal mark enzymes; cathepsin B, D, H and ACP.

Cathepsin B and D activity showed a significant increase beetween 3 and 8 hours after endotoxin administra-
tion. And catepsin H activity showed a significant increase only at 3 hours after endotoxin administration.

Lysosmal ACP activity showed a significant increase beetween 3 and 8 hours after endotoxin administration.
And cytosolic ACP activity showed a significant increase only at 3 hours after endotoxin administration. But
microsomal ACP activity showed no significant changes thorugh the experiment.

Based on the results above, the biosynthesis and the catalytic activities of the cathepsin B, D, H and ACP
are increased in order to remove the necrotic tissues by endotoxin. And the damaged lysosome causes the
result that the lysosomal enzymes leak into the cysotol in early stage, and these lysosomal enzymes in the
cytosol cause the morphologic changees of the liver.

Key Words: Acid phosphatase, Cathepsin B, D and H, Endotoxin



