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An Ultrstructural Study on the Acute Hepatic Necrosis Induced by Endotoxin
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The author has carried out an ultrastructural study.on the morphological changes in the rat
liver induced by endotoxin to clarify the disease process and mechanisms involved of endotoxin-
induced hepatocellullar injury and the reactions of Kupffer cells to the administered endotoxin.
The experimental animals were divided into two groups: the first group, animals were given
endotoxin through tail vein(a) and another group, through portal vein(b). Animals were sacrificed
30 minutes, 1,2,4,8, and 24 hours after injections of endotoxin. Livers were extirpated and
examined by light and electron microscopy.

The results obtained were summarized as follows:

The tail vein group(a) revealed sinusoidal microthrombi, endothelial detachment, widening and
hemorrhages of Disse space together-an infiltration of polymorphonuclear leukocytes, in early
phase of hepatocellular injury. Destruction of Kupffer cells, imbibition of sinusoidal material
into the hepatocytes, and hepatocytic necrosis were observed 2 hours after endotoxin administra-

tion.




178 HUHBARIR 6% 254 1987

The portal vein group(b) showed increased phagocytic activity of Kupffer cells, however, no

hepatic necrosis nor microthrombi formation,
It can be concluded, therefore:

That judging from the results of experimental study, the Kupifer cells react to the endotoxin

reached to the liver by the functions of phagocytosis, clearance, and inactivation of endotoxin

through the release of intracytoplasmic lysosomal enzymes and opsonin-like material.

The disease processes and mechanisms involved of hepatocellular injury found in the endotoxemia

state may be stated that firstly, difficulty in clearing and removing of the endotoxin from the

liver due to impaired peripheral circulation; secondly, ischemia of hepatic cells brought about by

the generalized dissemimated intravascular coagulation; thirdly, loss of Kupffer cell function to

detoxify the endotoxin rendered by the loss of energy to reduced circulation.

M B2

Gram &4 F¢ #Agdez §43 & ol E4(endo-
toxin) & Fol w4+ 1951:d Waisbrenve & s
Agoez uE4L gdFo2 shockal whal Fhxle
FA 9 A3yl asglon, 2 olF ezl ¥
< 8% 442, TL catheterization 59 &4
o 9¢ 94 F524d9%o=2 245+ endo-
toxin shock o} W] gk B.wE-o] glglom, TS0l
FAYAL dgor Ao uygo] 4z gram &4
T Ad 2 oz 4% A9 "= Fobstn gl
o4, gram &4 T4 sl W F|Hol Fetst
i gleh.

Gram &4 FY g F4& el e Azt
2 e W ELE TAY Az Eqs8E
%9] lipopolysaccharide(LPS)® &4, # & v E4
g AE 9 HA Yol Dol wte)l nv} g
LPS ¢ F&9| st5eA Hel, #Alncte LPSE
Folale] W54 E3ME Yolrel = AP A=
b otz gleke®, 2 ] d TR E
Tt 5L FAd 43 £ EGY 4L T
Hslel A kel

A 7kx oA A Fa Ao fF Fgolt
A 7= g2 HhAE, wAlA
49, Y45 4 § ool A9 factor I ¥
+EW, $37 % factor Yo FHF=9, Fo=
ARG L e, Ade 4 YR 32
Z(DIC)e} & F 7% §e®, =g histamine,
serotonin, kinin § vasoactive substance 2| ¥
E st Hadue 35, &, Fog 5 4
38 doylm, At 2 HrzAe MY 4
HE st AR 5E A, A5
A F48 Agor FiEE e AR dakyel

Ao} A Wb oB A ge] 2EHER,
AS AN &g wAA Ao, A &
A(multiorgan failure)?-& f-dsiA = ol 53
A, g, ez Frle g 4ol wist
o2 shock & it} 24 glet

Braude 5293} Braude 5-27.& 9lal% F3 94
EX & o] &3l Folg W Fid o] F=
AN BA 2 Yol WF4YFA EAA &
7% 7olel sy on], Cremer 5-*3+ Rubens-
tein 3 = w4y FA & ol st FiH o
T4 ol ol AFY Al (RES) 24
ok sl zkol WELE AASAL, ohid v
Fao] 8l ol FAAHE AL AYALE A4
seich Fod 8 v 45 RESHA Al A=thE 7}
2 & Beeson3d] 9} X &2 M4l Yol Ben-
acerraf 5393} Biozzi 5-32% & W29 HuE
sl eh. Rutenberg 5398 W F4& Al A $5 7]
4 she AL A5k W eR gsgend, Cue
vasiE e gAd ez AA WSeE Foid
W zd 4 AAEAel Aed wAsed A 9
542 9Fsyrh. = o= Tripani 593t
Waravdekar 5-39.& 719] homogenate o] W 545
gom wSart Mg AE v g2y
o WE4E FEFAE Aol & Aoer v
a4 vk

atebd e G HEEY 2Edd 549 AlA
F4el S A1 Ruk ohdsh, o Skol g4 %
274 A7 &L kgo=s falFg EAe
25l¢] A Al shock & fdslr] = she® of
WA AR o] Y W Fdzell AT £4
E4 A A 754 7 gk 2 & endotoxin shock
ol A9 79 &L ol skl =gl & Helrh

ze{i} ol g A8 W F4 A HF 5l
Akt = A em WELL Fod A AU
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multiorgan failure theory®o] 23] 71& E£A-&
A o] o)Wl 2k, 5] Al =8 EAV A o
A oM & Eube]l Wov ofF FAd W H
ol oA orh AN Wl Bdel] o3 Ao Az
mitochondria ¢ T %75 9 <9l43 u-%e =
off 3730 o Aol 3hod b A4S AR 294
& Fel AR i 5 A zel AHHq dFL
A A= A" 5 E4714e DIC= qlg
5 dRFFAE 2= Y4 &9 3 Kupffer
Az o3z felEE lysosomew] Halddol
&g 3954 S Yt

Mori 549 5% W 548 AAYFo Fun
W Fd FAE A 2 A wsE s
fEd 2 Azt FYAyAe Bl A W E54LE =
AR RS 2 Eapo] wl<kdlgl o ALGEE w$-
wstetn shgleh. Q) Cuevas 5% Fuia=)&
T W ELE FAY e &gl AYrtm B
3t olEl W H4 B4l 2ol o AELY A
AL olaislE Aol WS4z I AAA shock
% olslsherl =gl | Aos A} e
Cuevas 5-20¢| v} Mori 5-49¢] of T+ AJstats 2
At 9F dEL FE YL F2 F Ao,
Fel ga Aol A A2 Mori 5490 3¢ 33
nld FEo 23 glov ofd W w AP
g4 dF+ 2o Aoz A=)

2 M ARE AV FdE A4 ez st
of W 5L F4A 2 & S Y gge
2 st at AANYFof 2oy dg Sl F
] AE54EE FAdH 2ddE 49 WEE 2
A =< Kupfferd 28 F422 fdsle, W EL
st Kupffer = 3 704 zohe] Azt o W5
Lol O A=z AN A dghg gobnzmat o)
A& A sty

Mz W Yy

MY SE:4% 280~330gm3 & Sprague-

Dawley % 23 #3& 4477 Agsted A7kol
zsietn A S & A4 Teb A A4gskdvl

AR U AT AelddsE FHE g2
T3 HE4L FAFoR drgrh 923 0.5ml
o gAd e AAYS Fuld FAL At F
5 AAS FHA A ] FAE 24A Lo
2 el A ESE Fo T A s WS4 (E-coli,
0111 : B4, No. L-2630, lipopolysaccharide,
Sigma, USA)E Al d 46 10mg/mle »&

2 F8lstd A% lkg < Smg el & w5}t
WA g Fed TP, 4 FEL WEL
o F 304, 1,2,4,8 ¢ 24433 ks =z
g AHsgon, od F APFY FEFE 4
ARTL AFFES 10ukd] AHgskg o, v A
= 7z 5upel A& AbEeglcl. A= A=z B
Y 9 A AN Aq4g L g3l el

FeednF A A4 AmE A A A AN Am
EF AAE IAE BF ol Eetgrh. ARE 10%
5 z22eld 23y ekl =al g F 3~4
pm 8 WA o 2 3] Hematoxylin-eosin o 4 &
A A 84 o

Al A AAE AYFEL HHA 7 &
At RzA & FA A A, Imm*Y 2y =2
AetA 2.5% glutaraldehyde £-4(0. 1M phosphate
buffer, pH 7.4, 0~4°C)ell 2417 A 3A 3}z,
phosphate buffer(0.1M, pH 7.4)= A slgl 2
v, 1% 0,0, £4(0.1M, phosphate buffer, pH
7.4, Ao 24715 Fu4 3§ ©}-& phosphate
buffer(0. 1M, pH 7.2 AlH stz A Y ethanol
2 "43lg ov], propylene oxide 2 A sl
Luft 3496 &3 epon EFER Tollstn X
® 238 1um 54 & 245l alkaline toluidine
blue 94 & st FFE4E A4 ¢ ¢ diatome
knife & %3l Porter-Blum MT-2B ultram-
icrotome &2 %7 40~60nm 2 214 3le] Rey-
nolds ¥ Vel 9] s) uranyl acetate ¢} lead citrate
E o|FH =ted M ¢ g F Hitachi H600-A A =4
wH o2 A& Tk ol A a1y el

4 3

QUALE A S48 wHH R} Tl FE
£ 240 E0H $7400] EARL, T F
o 540w, BTl Anksl Saelw Yok 4%
ol A 5ubel F 2abel A Abgetglond, Uelx] S5
T ¢4 g AUE ALstdch, 44AT
a4 & 10811 5 6v}el A4 Abdsksich

2R EE S A ELE FYG TAAE B4
A % B AN oA A A A%
A7k 80l 24 e Bk LA g o,
8AA 1ntel A S B AP E Qg 4
g A dne 24N A TEL ggeh

Ha|gs aH

A 504 27 4ddd5 datdde 44
o Rzt Wobe solye] WA ehghrh o]
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54 FJTF AY FATANE W5 FAF
AL A% 90 WA gen, Bed Fe
AP Eol 2 Bl Ygheh olHlE £AL A%
o Ashatel we} W% WA AFLY B
R FATL SU40E 449 2Tt &
AFg pag w o, YA EL A A Yskeh

B. #undd &4 :qdAds A2TL

[\

293 FAF 2 FAAY F4T EFAA 44
47 e A wskeh

W 48] wl A FRREL 30E-F4E fEd #
3k Fdo] gz ol FHAY PR o &
A4ty o, FAAYsL FAANY Yo} Tt
Hof glgdvt. AN zE A0 FEL Hgond,
FEdlE 3579 A&l BAAY) ELFE
oAF 147N A A71& $83 5572 A&
dAsizlon, gz FIA4FGE AAA v

B4 FoqF 24T A HFe £l W%
s, Y3 A4AE Fabd Fel Al
ofel gk 7ke] ¥4 IA4E FAAY 4 o A
29 (midzonal area)dl X zl5 #Fsigom 73
ol Sl o] A 2 upEbl e, W S o] 44 7) o] 2]
APFe A €85 ¥4 A4t d5 Askd

"How, & A o2 J§ hydrophic degene-
ration 3} 284 3|42 < 3§ pyknosis, karyorr-
hexis, karyolysis %-¢| #2] W& Euslddrh
e fEuel mlAl el FAel A Yc)
(Fig. 1,2). :

W54 FuiAdy FAES AT el AH
ZhAl =] W el ojAe] figlen, =A™ F4i}
Tl Aot e ¥4 FAAe A2 oksheh o
SR F 30T A A Kupffer Az F
A P, 143F AF 35T A &l #F
Holvh 8XE F Ieteleld e 54 4
A AFHgeort HEELFAF IdTdA e A
Kupifer Al x 8] %4 sl Wb ol 4 4£A o] %
s A bskel(Fig. 3, 4).

C. Axrdw A4 A &4 :

¢ f2F 5L T2 21AY Az
TAH v, Yol erdyoelw, vlasy Fasta,
Azde 7% AA Wen, Azaddy &7k
9] whbe wlekslu}, vh2=9] pinocytotic vesicle
L A WAz He a7 =3 indentation
Hylow, Axde] way FHslgn 4o 5
3] primary lysosome o] -2 Kupffer 4 =7} 3}
A= glel. o] F F5E& TAHE Aze A=zalol
o] fenestration ol ¢lo] FFW3t zhA xAjelg

Disse el = f-&3t 4 & &35d 94 F5de
A7 AL ol T2 A& T2 A
3 gont A=z ALrjate] B$de B g (LA
(lipocyte)st s Qvh, FFWdlE R4 E
2 AZdE WA A o] Ak oer ¥=2
g en, AE AP T sEA WY TFel #HF
9t Disse 4ol e YT vlE 4542
g9z i FAYE FAR vl AL
T4 EdFo] &4 givt. Disse & HE Al
28 ¥9-& F4¢ 2 gy microvilliMV)s}
Agled ol Ee Holv} ¥xE vht H9ld et
dol7l glgeh Al e vhE AFAE] ofn]
A A g Azt & 295 vebi gl
Z gL FEn A28 FA44 ¢34, euchrom-
atino] ¥Hatm T Y4A UArh Az
oA dgs FEE LrgEe] gl 5
RER 3} mitochondria 7+ F¥3}4d 3., glycogen
FY 5L 2% £x3gow, SER, Golgizs ¥
peroxisome = 2} s g ow 7F primary
lysosome S-¢] 914 &) o] 5-& $ 2 bile canaliculi
P ek A E AFeld] FATLE Ao
= gystgden ¢ dFskA £ gz, Ax
2leole] ¢l bile canaliculus & w3l Xl vl
2l MV 7} sk3s 9+

WS4 Rl

ul g FofF

1D A5k FQF 30 454 E TAsE vy
Aze Azde 2F3 A=zAd 4£=28 Fi1E
veb 9l Al 2 4}e] 9] fenestration o] B3] 314
s o] 9l 3l vHFig. 5). Kupffer 4] = & secondary
lysosome o} 79 2 Axd /& Wz 9
Ao A zdv RERO|l v& F7H84 gigich
24E gl 56 e Aol WA A rh(Fig.
6). Disse7}-& W@ 3¢} zhAxe L MV
blunting s} shortening ¢ ‘Il gl 7H4 2 7
@& ER 9| &zt 29xe] F71 o glycogen st
9] zkaE hebd] 92} (Fig. 5, 6).

2 NEL FAF 1407 Al ze FFo]
5 sz e, Wajsxze shaleb ol oA 2 4lo] ]
fenestration 8] &#}o] Al ond, 3 FEy
8 sz APt B4R Disse Avjel EAiste
Aol #aAs g ek(Fig. 7). F52 Addes 334
=o} gz FEulelE d&uts) fibrin okabe] &
Aol 47l wAPRAYdol AFHY o], old] F
&gk wIRe L&AE vehideh frEd gl
Kupffer 4l £& 30%-7olA urk o 234 Az
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719 ¥4 3} secondary lysosome 2| Z7}& vhebu]
o, Azdd £z ¥4 = 235 o ciFig. 8)
Disse 7% gl @t 7+l o] Edo MV o] $7} 3h4
f9x, flattening = o] glgl.om meko] &34
Az, o] FHAA AE AF AW e olE
MV e £Ae vz stz HYT5o o3
# %5 Disse & A g ZollA ¥ A5 AFH Y
(Fig.7,11). 2+& MV 7} 4 2 §385 o] Disse 7
o) g et At §4& A 29 E endocy-
tosis k= Aol B4 ek(Fig.9). AAxE AF
Mz3 RER¢ &#3t ribosome 8] =% 1 free
ribosome ¢ %7+& ‘hetbvi g1 vh = § mitochondria
8] A 35 glycogen sy Y ztam [AH Y
o, bile canaliculus 14 & %4 2 2 secondary
lysosome o] %715 §H(Fig. 10). H-& 74 2ol 4
gtalul e 2 sol Azt AzAdd AR EW o E
2 2F g wAYAFe EAE ThIa Q)
gow Fue AzAde HEHq A=z 5
& vhehi 9l el(Fig.11).

3) W Sd Fol F 247 A5 e WAl 2 5
37 g WAHF e f5rche ese Disse
7ol v gAl FAs ol 2 el HYT fibrin o]
Zo] vk FEuldEe B T4 WETEe A
sl o ol 5 Wity e 4£7-& YrhiI, o
7R ol B4 gAY kAL vhehul gl ek(Fig. 12).
=3 daus AAFd 42 TAL A
g8 FEol AL ug Feol A5 > glon o
Hg 2900 gAE B MV Y 445 7] st
3 g gdeosds Az 8l TAEL T
3 B £xst A s Y el(Fig. 13,14). 7
A %+t Disse Z-& W g Fo FA g s g
mitochondria ¢} 3 8. moke B HSE ng
a, 4% ERY s}t A=z 4£rl3bke o8 ny
o AzAd £ AL vEbdeh. B HA4
o] 4% Alzalq AzAuld Alzir o] o] F
e EAds fAE AYE € FaE A A
atakel TP EA=2 kql 505k BEH G0
o & R4y EAsl fibrine] el Ao
FEue g Eel AAER 4T A& A4
£ Ao Yynk(Fig.18). =# =il ¥4 7
Azt ER$ #43t secondary lysosome?] 3
7F7b 9l o] mitochondria & 7148 F3d4E
ngceh AE FEFA FH4Ag FAZE G
Kupffer 4l 271 245928, ol A44 A=
a3l e 3eelv] 4 shel A =aksl acidophilic body
2 A 245 ¢ cH(Fig. 16). Kupffer Al z.ujol w4 5

EA Sl 3302y Tz9 Y FaEE A
HS9&dl ole A5 oa) Bagl ol F4¢ LPS
A Tz AL RG] FAH e A
4 ok(Fig.17). Kupffer Al = ¢ Al 24 F=x7}
Betalo, Kupffer 4| 28 st3)7} 245 s g
2w, oj¢t o] FAWIATY sz A Y
o}, Kupfferdlz9 AzAE7 & o35 4d)

.l of,

D AEL FAF QgAY s §
39 A, Y, AA8A 84, FHAYT A%
o] ¥Asslom, Kupfferdze st3 94 a5
4= vk, Disse Zwol 4874 wWol &Ex)zly
I, 59 FHom PAzxE AE5IAz WHIQ
o, Axdy AzbFe F59 Edol Adw
ol A5 wisgien, v HYTY =
W A= B geh(Fig. 18, 10). ol#ld A=
4 9L pyknosis & Rolw Al xiLr)abo] iR
v 7b Aol Aol A& viel g eh(Fig. 19, 20).

5) WS4 FAF AR Az AdzduB %
FH £4 € 4979 < (imbibition)o] A utH
2.2 tebgton, Az A4 A At #
EW ol Kuptfer 4 9] b3, =& 944, F
AT Ag € A5 A RFA #EY &
Aol Evl A gl 4d 2 Al

6) Ul F4& FdF 2427 AVl WAl 2
s, %9 st &9, wAg484, Kupifer
Azy 374 gAsgen, ZA=zd HEF H
50 £ Ad 94 olAAY AYFrr )
& AP Ak

A R

D NS4 54 F 0% F59YE T4 v
Az8 Axde oy F 284909, Kupffer
Az 74 Sk, Kupffer Mz g8 A
44 EVE WL FHE AzLodg iAo g
gl e, primary lysosome 3} secondary lysosome
8 /4% vl Fd=ze A§ RERS F3st
SER & 7t w4 Fr7g vhebuiglot v
&7l ol A& A A skl

2) MF4 5o F Az A 28 F3e] k3
235 9l oo} fenestration & Fgo| v} W )4l £
o3& T25 A gokel. FEol& Kupffer 4] =71
T Axds £33 A 2d E0F vehigla,
S FA9Y T s gled dage g4
BolA gsteh AR5 Fget wA¥A 4L
ks 2 ohghch(Fig. 21, 22). 24 =& RER Y &
#3} secondary lysosome ¢ Z7+& w3 0wl 24
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A9 Fst7t s 4 oh(Fig. 23).

3) W]l F Fo] & 24 7 ¢ Kupffer 4 & 57} o
& Fr/hstden, dAAg A=zd9 Fske) secon-
dary lysosome & %7} 1leb] gl o] & lysos-
ome ol = wj A £ A Ast A o
4 TaEEel #HEs =k(Fig.24). 4 =+ ER
9] F A3t free ribosome s s, =Zd 3z A
3¢ EHded,
lysosome &] F7}= ‘}elugivl, Bile canaliculus
= vttt FAEgen, MVE 24 428t o
el 24 F2EE stal Aol 3 9 coh(Fig. 25,
26).

) HEL BF 4407 2 847 : Kupffer 4] x
E AEE 24383 FA¢ f4o= secondary
lysosome &) 5748 ngeot A=zd I3 g€al
FAL didch veAze A¢ F494 95
B S wolx ehgtow, A xE Disse F&
Hd Fo MV 733 shortening 2 47§ ER
9] %3}o]u} secondary lysosome 9] Z7lg]e) E-o]
& WsHE wolx ggheh

5) W54 2o F 2447 : Kupfferdlz 2 4%
o Fze 8AZLTsF A ok vebygle
"~ ], secondary lysosome & F:7} 23]# Ftag &
ol ZAH gtk AF Y] cla iy T 4%
el H-gdslel 2t el 5ol AYHL
Bola sty visdze & fAse Yyvk %
A z8 A shale ggew] A ERY £33
free ribosome & FrV7} 35 o o}

mitochondria ¢} secondary

i &

W 54 gram ¢4 T8 Al 298 745 lipo-
polysaccharide-protein B¢ s 24 A E33 -4
& THAEF lipid Ao g3 Futsiesosn, s
& JETa 2 23ske, FEAYL 5
x| Abeke] | B4 Fod F- okr)E & A T, 453
A 9 Fugy wshd g gL 47 Ak
o] % shock & ¥t 4 7oz L8954
e 2ANE F 4 vk F o Fid s Yy
TEA it a3 o] A FEA, Py
of bz, =zt ol HaztaAdAd F4sd P}
8 Aol Az, Hx2As mAYRSd P
A AR AdA, 2 Ak Agoz
b o] gF4sle] shock ol wA]an AbupalA|
Hopees, AglA o5 ok~ 5l endotoxin shock o,
B A4gd 58 HalsAd e 53] 4, $Fu o

g 2b5el F8st Rl AR, e}
ulE] &3y oSl x2He AgHe A %
A AA4FY Wl 5LE FAHE AbgsiAA)
shock ol W= ¢towm o]EelAE 7ol 234
&qlo] A A g,

olBd FE Wl Fdoll Y AP AR o
3 odeistA G4 Fol gom olF g EAY o
2 U3y Sk g 44 g4 2 olm gy
W 549 B4 8E Fgshe H4dsl, LR
A3 Al AR Fof goke 4, 2o A
WA Y T AALLN Jdete 4 52 =
T gov o E 4 GFHEF FAd Ful
AL gon o el Ha gleh o] Fduel ol
& FAY YA AN AELY TAHYEE
O-polysaccharide 71 243 948 Jehin] 4
FoBE AL FDPcP0, Fao P4
HEd T F 3~ddulel] Yojvhn], 7~8Ys 3
Tz e Bask Qo =g W SaE
adjuvant & #-g3led 3gale] FE=F Fs1409]
z FAE dAse Azd £E FAAA F94
AE A%eA el A db-gol A 279 lag phase
E sk, 4590 E ed AE9E 3B
ek o] W Fdoll o g A g2 FAAE &
g vtehilA 2 ek, e ole g v Sad |
q 5457 getsted 2 AR A A o
Fad d AGH AAE dTH A WS4
ol A AL FAA YA ol oln] A
Avti, A7 el AAEE AVldE Aggo
A rhe Ravt ot By o 49 A
W AL oS- wEA AP B Sl G
HGY L By o) W F4 FAF 3~4d 4y 4
A8 E FANt WS4 AAY 254 Al o
FE WA olehe Eole W44 24 wA] £t
Z Yok thgeE GFd W ELE A4 e &
A A £ e AAdFE] ke FAde
Schultz ¢} Becker®»®¢] 28]4 heparin 24 3
Yol lipase o} f-21gk EA o] glo] o] Fo] W} =
& E8 F BEAE A7 Aelele nasl gle
v, obd oleld EAY Felu Aaed Ty
A glA efel

Ao 2 RES 8 W E4 AlA A4 & g
Fage A QAT glow d¥do=s Aag
RES 9 54 AlA F& 5L dgd 24
A 2el dAHem ARale]l & Aot
endotoxin shock ol W=l Wl &7} E1s, w1y
A gke] sl Ak HAdA oFFol A g
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A HEEo] AART), EHows, endotoxin
shock 2] celiac ganglion & A FAF o2 oz
d 4FE FA e FAY 42 Fo Fobdohe
B h oA sl o] Fd Al A 919 Akt 7 A
Az el APd o2 Rutenberg 5%, Cuevas
5 ¢ Mori 5498 2| Ag8 W F4E E9AH
€ 53 el AA FAE A 29 £4el AY
gor, Bk AYFTEY Agdgol FAF A
gl 128 3492, Reinhold 8} Fine™: v &
&d] Aol g FE LDyl sl ok

E4% TS A 147 ool vl Fdvt A
Afve A¢ FFsigdek. =Y Smith FVs)
Filkins 5¢ w33t 7] 3% 53 lysosome
of ul Eguell W& ol F59 g sk vehdvhe r
ng sgor, A% F44 AAE B WS4
8 AAst AEFLoE At vALE FHLEG
A=A dgde]l & Aoz YA FAH 7
$71A & ob @A ok gk

£ Ao Ay vae g9 3 JFE
&% Fostd AAAHd 5L FFE HET A
PFA W FL Fo 30EFHe wlAgd g4,
WA=z F33 Kupffer 4| 24 secondary
lysosome &] F717F Aglz, FAHLALT A 4
2 gt & o] viebtew, 22 F 5 AE F
FHY shslet WAz s, wlAYAYHY,
Disse 7-¢] ¥4 4 &3 zelz A z2g 27 MV
8 &M 94 nolulst A Azivigy B
%, secondary lysosome ¢] %7} ¥ microcyst 3
Aat g4 o3, F5 E45 AT A4
g2 7k Az Fa 244 vebglen, Kupffer
Az Ago] Al ol A=z E/s 7hksl
o HE2L Jehie sag e 2248 ek
o) AFe AL uFol Eu] Az AHE 27
nAdAYAds t2dd <3A4NE 4T FIH
A5 AR osd Kupffer Alze] &Ao=
lysosomal enzyme o] ¥uls]e] zhi=d 347
2dd A28 o] ol& Janoff 52e] HAH
shock 4] lysosomal enzymeo] Fo F7hsglivh
£ umst gdHAEae ol drkw AL
Shock 4] lysosomal enzyme ¢ 4 z}e] o)d) Wei-
ssman 3} Thomas®& W B4 Fol F 58uel §
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Key for Abbreviation

H : Hepatocyte N : Nucleus

En: Endothelial cell Ly : Lysosome

K : Kupffer cell ER: Endoplasmic reticulum
Ne: Neutrophil m : Mitochondria

R : Red blood cell ‘ Go : Golgi apparatus

Pt : Platelet cf : Collagen fiber

Ds : Disse spaces F : Fibrin

Bc : Bile canaliculus

Legend for Figures

. Liver, 1 hour after endotoxin(ET) administration through tail vein(TV), rat. Focal

hepatccytic necrosis and sinudoidal widening is noted. Acidophilic bodies are present.
H&E, X200.

. Liver, 2 hours aftef ET administration through TV, rat. Diffuse hepatocytic necrosis

is_noted. Sinusoidal widening and congesion is noted. H&E, X200.

. Liver, 1 hour after ET administration through portal vein(PV), rat. Kupffer cell

hyperplasia and sinusoidal widening is noted. Hepatocytes ate unremarkable. H&E, X200.

. Liver, 2 hours after ET administration through PV, rat. The liver tissye show only

mild sinusoidal widening and Kupffer cell hyperplasia without hepatocytic necrosis.
H&E, X200.

. Liver, 30 minuter after ET administration through TV, rat. Sinusoidal lumen is

impacted with RBCs. Endothelial cellular swelling is seen. Uranyl acetate and lead
citrate, Bar=1um. .

. Liver, 30 minutes after ET administration through TV, rat. Kupffer cells shows

proliferation of secondary lysosomes and elongated cytoplasmic process. Platelets are
present near the Kupffer cell. Endothelial swelling with widening of intercellular spaces
is noted. Lipid vacuoles are present in the hepatocytes. Uranyl acetate and lead citrate.
Bar=1um.

. Liver, 1 hour after ET administration through TV, rat, Endothelial detachment(arrow)

with widening of Disse space(*) is seen. Several RBCs are present in the space of Disse.
Flattening of microvilliarrow head) with dilatation of ER is noted. Uranyl acetate and
lead citrate, Bar=1um.

. Liver, 1 hour after ET administration through TV, rat. Platelets are aggregated in

sinusoid and form microthrombus. Kupffer cell and RBCs are present near the thrombi.
Uranyl acetate and lead citrate, Bar=1pm.

. Liver, 1hour after ET administration through TV, rat. Fusion of microvilli(arrow) and

endocytosis of intrasinusoidal material(*) is seen. Uranyl acetate and lead citrate, Bar
=1lpm.

Liver, 1 hour after ET administration through TV, rat. Intracytoplasmic swelling with
ER dilatation is noted. Free ribosomes and secondary lysosomes are present. Uranyl
acetate and lead citrate, Bar=1xm.

Liver, 1 hour after ET administration through TV, rat. Microcysts(*) are present in
the hepatocyte.  Swelling of ER and mitochondria is seen. Red blood cells are directly
contact with liver cell. Uranyl acetate and lead citrate, Bar=1um. .
Liver, 2 hours after ET administration through TV, rad. Intracytoplasmic imbibition of
sinusoidal amorphous material(*) is noted. Widening of disse space and hemorrhage is
seen. Neutrophils are present in the sinusoidal lumen —Uranyl aceiate and lead citrate,
Bar=1pm.

Liver, 2 hours after ET administration through TV, rat. Sinusoidal lumen is filled with
fibrillar material resembling fibrin. The hepatocyte show small intracytoplasmic vesicles.
Inset: high power view of fibrillar material. Uranyl acetate and lead citrate Bar=1pm.
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Liver, 2 hours after ET administration through TV, rat. The hepatocytes show focal
destruction of plasma membrance(*) and swelling of organelles such as mitochondria
and ER, Microcyst formation is seen. Uranyl acetate and lead citrate, Bar=1pum.
Liver, 2 hours after ET administration through TV, rat. Part of hepatocytic cytoplasm
is replaced by amorphous granular material(*). Fibrin like fibrillar substance is present
in the amorphous material. Red blood cells are aggregated. Uranyl acetate and lead
citrate, Bar=1um.

Liver, 2 hours after ET administration through TV, rat. The necrotic liver cell is
phagocytized by the Kupffer cell(*) which may be the acidophilic body of light micros-
copic finding. Uranyl acetate and lead citrate, Bar=1um.

Liver, 2 hours after ET administration through TV, rat. Curved membranous structures
(arrow) that may be a part of ET are present in the cytohlasm of Kupffer cell. Uranyl
acétate and lead citrate, Bar=0.5um.

Liver, 4 hours after ET aministration through TV, rat. The hepatocyte shows intracyto-
plasmic imbibition of red blood cell with cytoplasmic edema. Uranyl acetate and lead
citrate. Bar=1um.

Liver, 4 hours after ET administration through TA, rat. The hepatocyte show nuclear
pyknosis and intracytoplasmic imbibition of RBCs. Uranyl acetate and lead citrate, Bar
=1pm.

Liver, 4 hours after ET administration through TV, rat. Irreversible destruction of liver
cell is noted. Uranyl acetate and lead citrate, Bar=1pm.

Liver, 1hour after ET administration though PV, rat. Kupffer cells are present in the
sinusoid. Hepatocyte shows mild dilatation of endoplasmic reticulum. Uranyl acetate
and lead citrate, Bar=1um. )

Liver, 1 hour after ET administration through PV, rat. Mild endothelial swelling is
seen. Microvilli are well preserved. Uranyl acetate and lead citrate, Bar=1um.

Liver, 1 hour after ET administration through PV, rat. The hepatocyte shows mild
dilatation of ER. Uranyl acetate and lead citrate, Bar=1gm.

Liver, 2 hour after ET administration through PV, rat. The kupffer cell has abundant
secondary lysosomes and other intracytoplasmic organelles. Uranyl acetate and lead
citrate, Bar=1um.

Liver, 2 hours after ET administration through PV, rat. The hepatocytes show mild
dilatation of ER and increase of secondary lysosomes. Uranyl acetate and lead citrate,
Bar=1pm.

Liver, 2 hours after ET administration though PV, rat. Mild swelling of mitochondria
and ER is noted. Secondary lysosomes are seen. Thin membraneous material is present
in the bile canaliculus without loss of microvilli. Uranyl acetate and lead citrate, Bar
=1pm.
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