ek e dea Al19Y A3E
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SENPEDIECE P

Al ol ez o) sl o o] dhad
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[=)

-

| T

=

Moo=

AL o shol et etz

=

M s

Ml )4 v PoE Kolagl HEE Jepd,
ol 2 gldle] A#]E o}, sl 34 HYUTAEL
AHLE AR BiE 2 A0 4 i
Fofl AlAbA el ye g AHEL alE Feldirh
o] & Fhidl A M THLe A2 AT Wt 24
S| Byl x gl Sdld o] ERjAgich. | HF4
L 18853 Roux 2l Yersein's] 2]t} diphtheria o]
Aabd B4 A4addebe AE G 2S5 2
T H5EE 1802y Pfeiffer®s] 2]& 554 o 2] 4
3 547 cholerad % g4 dd debe AE
WA g W28 A gheAA A o|Em gt
a7k fEEts, Ry Ed 4 wdoqda] $o9 3
Bl 23] o] wrad s T sl FksiA] o] Reof
A elel] wgr Q2 abgrla W sy e
W gt Agdel A, o] EE Achdd
2 A dH e e g da, &9, 34, o,
Shwartzman &4+, 2 A5 A o] )ik e
Fe-L vebd L ofE s 2B 3k E, inte-
rferon §4=-&, adjuvant =+§, #FFokatg-5 44
el & AAEE& ekl F FE EFREAE VFE
chefst e &R A hE oebde, 2 2hga
= AlMEc QA A5l endotoxin o] A 4 AW
2] edal4d Y, @EED ndE Axkd, R, plasm-
inogen, Hageman factor 53 3 st =gt

* A 19854 7H 269

ER

s

E w4 E2E QA Eo7 endotoxine] Sz o
TEd diah, Az, A48T, Az,
o TEF FE Tilgda s 2o Fgate] o) F
AT ] Al sl A o7 2E mediators § v
A dted A fudche Aelwl o] ghatel
endotoxin 2] Aol & AgajelE Hal el & =}
St M EG B3Rl A wE Aelel Adsn e
mediator £4 = endogenous pyrogen, interferon,
proztaglandin, serotonin, kinin, plasminogen acti-
“vating factor, colony stimulating factor, leuko-
cytosis inducing factor, tumor necrotizing factor,
macrophage activating factor(MAF), migrating
inhibitory factor(MIF)5e|+}, 2v]x endotoxin o
g4 FAE Wi T3 Aoe oal, L3, 43,
A1 %, Rk, &) AFE-o] cb(multiple organ failure the-
ory), = #3223+ endotoxin o o g 2] A
boelfeld 2 FR YR FAY AEY Yie
lipopolysaccharide, 53] lipid A7} =34 544
A, ele] o gt Yz} model = FaFspa ¢l

o| 2}3ke] endotoxin £ 100vi«] A3l 2w <52
H4RE el AAE o] Feigm, Halo A4 FEo
Ao Wl HE Adddl st ol g2 ol o«
it ol#l = AR PEsivtn ¥ $= fich A EEE
4714k endotoxine] &3 DFFEAH & F N+
ddtslaE: Fd e A, S5 ud, A4, &9 " A
Abel] o] 2 aha] 282, zhedwle] 2b, interferon <4
Ah, BTk, adjuvant TE-59] el i-ge], shi
q FUL Yelut LFOE AFAE FLA100,

)
i
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o] &2 42 71415 endotoxin 2% =pFulE 4 E
ol 4 abgs e 4rg 2F mediator g} gciwl 2
mediator 2] JLe] Fol ¢l %12, o] Feof gl endo-
toxin &) #ull ojwlx], 2 s a4 endo-
toxin ¢ £]g {4 AL, ksl o] A4l
g4l 2105 eh E s F ol & whd LAl Ee] Al
=Ha gl-g £ ebdel 3Tl e fralal 2aE B3 R
AY AgE Bhobe o] Fao W TAF E2y
WE A4dna st 2AYE delm YAE 3
opini®, ag|a E endotoxin #H4]ef §le]H 2 F|
2] d4 s 3 2vyle| Lefer %% gl Lefersha
o] £ 8 myocardial depressant factor{MDF)2] aj 3
# Tilney 5%l £]4F 4}7) §F multiple organ failure
{(MOF) theory 55 344 43 lysosome T-42
FEl 7 2] ubgrlale] dlefd FAY dUE ¢ 3
elebxm darsla glon of £ ol wefAle A W
# o= et

ol gl AHape Ao EHy AL EdE
it 33+ endotoxin & SFHE Feofshed FE
A A 2 AAAN WEE P 9 T4 AAe AL
2 gatsl 3 oJeprb = lysosome 2] E=] F4 el acid

phosphatase (ACPase)-& 2522 3 zl=lgde|dy F
A d) g} ela] w2 o] £ile endotoxin Feod 4]9]
e A 447 Se) A3 lysosome E4-9}
g8 L2 4oy dgdE oY gy 2
Holl A s 2nx o] 75 A&

ME 3 Wy

1) dEE=

A g 200 gm ] £ 2] Sprague-Dawley & <3 &3
= YHr g A5 Age] okEslea qlAsl A&
et dHell A}abgie)

2) dEey

HAEgEEE 22 49 F22 Jrgich. 2T
+ el 0.3ml F Nhde FYe8 Felm 4
Hy¢ endotoxin(E. coli 026: B, Bacto-lypopo-
lysaccharide, Difco, USA)F 4 2] 4]l 520 5 mg/ml
E 4 A AF 1ked 7.6mgE e Tt
ol e}, endotoxin Fof & 303, 1, 2, 4, 6 % BA 7}
Az setEld dlA-E A5 Sk 2 ady
22 Fspstgdch

(1) e8|y U :4LHF FEEE §4 =4

gt AL Hg F o] FAAL gl E4 4 xa)al
A AHAEE WA AHstn e whehgle) Ha)
AY2l2z o] ildel. ol ® e 10%TH FT2dwlq
st steby EHEF HF 3~4pm é) vpAm oz
gk H & E, PAS, elastic, PAM 5l PTAH ol 44
she] kgl

(2) 012 HXIE Yo 28 HXipo|BEEH R 4
Wies H3q dF2AAHE Adad 1mmis =
712 febM 2 5% glotaraldehyde(o] g} GA)4-of (0, 1
M, phosphate buffer pH7.4, 0~4"C)22 247 =
a3 & #kx kg phosphate buffer = 43 % %,
% OsO.8 (0, IM phosphate buffer, pH 7, 4)¢] 24]
i FnAE v 4] e buffer £ o 2 4
w e A SAUAYTFE ¢4E it propylene
oxide & | %bgt F Luft ubw*] 2]} epon mixture
£ Xejdle] 35°Coll 12413k 60°C ol 12412}, 60°Ceil
484] ZH-Fk WA o] g Al 2L Sor
vall MT 50008 ultramicrotome | Dupont diamond
knife § y3tste 24 93 el 2
A& ul-Ee] Reynolds ub] #4] 2]} uranyl acetate
4} lead citrate 2 o] 5 ==} 95 #l+ Hitachi H-
600% A=p&u]Ad o2 shdaiql 75 KV 2 ababsbgof,

(3) HAE0|EAEY S4dZ 885 pE: Lysosome
2 = e {F Tz =G lysosome 2] ACPase
d =3 48 AxE F4ss Hehd lysosome o
el $i5 shegd E4q ACPase § 5| BE e
Aatdel g FLEA G P48 stgch F A
Wy Agd 44y dyE o 5x3x2mme =
712 A& & Karnovsky 2] sl fabed 1,25
% GA =2} 2% paraformaldehyde 2] FE¢sd(p. 1M
cacodylate buffer, pH 7.4, 4°C)s| 34137 A £
2.5% GA(D. 1M cacodylate buffer, pH7. 412 23
&l 4 microslicer(DTK-1000, Osaka, Japan)® 40
pm 2] HH g ubEe] 0,1M, cacodylate buffer, pH
7.4 4 H g & 4] 0,1 M trismaleic acid buffer,
pH 5,02 % 4|3 ¢}l Barka-Anderson 52| u}g )
T 0.1 M tris-maleic acid buffer, pH5, 0zl 1,25
% sodium-S-glycerophosphate, pH 5, 04 0, 2% lead
nitrate § 7hshe] wbE dbgfel 4La4 1587 W
Alwe. 23 0.1M tris-maleic acid buffer, pH
0. 022 383 «3ysld 0,1 M cacodylate buffer,
pH 7.42 A34 3 2% O0sO1M cacodylate
buffer, pH 7. 4} 84« 2431 A4 =Alda3 g
& G, propylene oxide 2 gk £ felal 4
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#4] Epok 812E Zeldle Sorvall MT 50008 ult-
ramicrotome 2% w4 2] A4 HE = 2
# & ubEe] uranyl acetate & ghd 4 & dle o4
H-600% #z}sle]d oz gatsigich = Fi0f-3-2
Ho| 4§ 7 4str] #HEbd 1,25% sodium-S-glycero-
phosphate 7] g & A A dbi=d o s =24 0.0l M
NaF & y7tgt b4 oz #at L4495 Aadg
& sk,

(4) FALHEXIEO0|EY @ - 7 Fodl4 2efe] g &
e 2 Adele] iR mAAH 24 A4S
afeh A 4etn AU4E duAdd4E FUGEA 5
Ak Aol Ehe] gk o] o3 A e F F4] 2%
GA 2 2% paraformaldehyde & E#g zHclos
Fwitd aFA 7] F AAE A4S, IxIx4mm Y=
27 2 Argel. olal& w4l 1% O0sOu(1/15M pho-
sphate buffer, pH 7.4)2 1425 a4 3 £
-2 buffer 08 44 F g of-%, 25% dimethyl
sulfoxide(DMSOV 2 4042, Zelx 50% DMSO =
g o F A Ese FAsd 2 BAle]A M3
it ghelaa]el A YA deade Fald fobelgicl
Febgl 2322 50% DMSOgaHen ke 1/15M
phosphate buffer e o2 #3jgt F 1% 0s0,2 }
4] at@Eka 1/15M phosphate buffer 808 ¢ 2 4 2
Fheicl. 0.1% OsO,8cow 20°C28 =Aaled4 39
zt etching F & 1% 0s0,4 2% tanic acid & A&
s conductive staining 8§ 448 F£ A|4d«]3 <
e g5, isoamyl acetate 24 3 FE 4] H Hita-
chi, HCP-28 <] A& =z £7) (critical point dryer,
CPD)2 4 ofa] o] sb2lgli§ Apfeled YAHAZE
itel el A28 4 B Eiko 5] 4} IB-3% ion-coater
of 4 35 AH&sle F34EF ¢ F Hitachi S-520%
FAAAlgv] A o2 Jhabetd .

d s

QAL AM : Endotoxin & $zhule] Fedqh 4g 2
g FuEd dAE 243 Fabdg F FrlgHan
o4ad AY 444 Qskeh. 2F Ao Aug
of mel $390e] v+ ERan sHel weldnl
o Rl 7} FrlEla A FE Fe AR g 4HA)
abg Ay FEe oF 31% 4

1) Ha|&x 23
(1) St 4+HE g Hd+5F FH¢ 24

= HrhE el4btde] glgivl, Endotoxin & %o 4F
Lol A= A EA W AlRE Fddo] Ml abel 4 shabs] gl

(2) HEE0|EY 28 : dE2Foldes 848 45
ksl el o] bkzle] fpabs]a] o} st ). Endoto-
Xin & Fo 4 Foll 4 & #4u) Ha} o ou] o) 304200
= ob Tl W g 14 aFe e A 2e F
ol glsla, 240 zkalell e HFa Pdo] 2 o =)
A, elst elde] #du] W W Rl e Al EQe
FEo AT FFE hebyleh, 44 3k = 24
Abe] wigel wige] £5 Fube| LEE A Jelyt
o, 641 ZRFoll = 44135 HESL o Feo] ] H
WA EES) AEYe) AMYe) aksl I o
% Foaga, 454 $9e) Trx 9% wel A
= gich, Elsticof 4ol 4 @3l g fs 4702 A
stol wheh A Fool 4 EE e SEHez £ps
= add B F4es PASs PAMo ez g3
vl =) 2] ZlAetE aadbE o) WelE wisg B
o T2 ehstm, PTAH g4« 4& 6+4]31e] Aspgr &
o 4 de] e @A 4HE By},

(3) HXl@o|as 4H

L OIEHAH Yo 28 Hy 4N :

CHET : 2ffu] 242 A 252 2% 50 = 8
A2 mletsl 2eabd FEd AdE #4448 glges
S| EAES A Az FEL MEZULY A2 Yel H
2| &he] o] = w] g 3}g 42 g A4de] T2 Yo}
) Wwdsh b TR EEEe] glgloe] Ybsis
A%8-4 ¥ A44H TEEE T4 9 g
o2 fa4 slgd=h Mg 432 pore & #lal
o ejd & rough-surfaced endoplasmic reticulum
(RER) 2| st daisle] glslel, AE8 72 e =
4 gy 34722 KRER=Z =3 ada glgm
ek A EA s A S4E FEta sl
o}, RER 4@ ztd &= 718 2Edte Bi47 344
ek, M EE 7|2 Sl = KER & ¢4 Agb2] mito-
chondria & 3= = ol 2on] o FL phi cristae
F AhAsl A Add s A e v Ay ES L
etz slddel. Golgi A3 T2 48] A4+ #3235
w Aghal, A¥al ge|m FRASOR o] Fejx] g
fgos) fulg e o] TR AADEs} obF
= A% F A58 sFdelgded T2 A%
AZJ A Ftglen] Fulapgd el A=Y Es
= v AT R E Eghid 4 39 HoR Fej4
¢ ¢l4de}, Lysosome & 52 Golgi 23] 236 3E
gtal gl o= o d-io] primary lysosome £] e &
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e zkE pre-lysosome o] 3ah= 4 ¢} secondary
lysosome == post-lysosome £ 7 & sbabs] =) g
b, 2ela Ak AFHE EE6 U+ & UR
8l o] f2Feo| 3pak= gich(Fig. 7).

f Zu] 4] E52 Langerhans 45 ==Y 3 3=
2o o2 el A Ao Sginl oA EES
lardbel S o] Adby o2 Aspd s dared, ¥
Al g A8 Haddn 52 W& euchro-
matin ¢] pgskes A2 ZAAREE A F
€] 3} §+# mitochondria, RER 2|l x Golgi 23] 5
M E 7 qFe] =Gk AELd -] FELS 1Y
B 2 27 2oke] A =eb vheksbe dElE
72 Ha]E R Tgch. S alpha(A)Hl2E 5
2 Langerhans 4 2] sfel Yo £E3pa glela 2 o4
EZuE agEFE zoke] FEv 38 el w2y
T AU =g #hal core § §h-isle whge]
ol Kol = AU 7} w2 halo § 72z glgich

Beta(B) 4|2+ 734 wi& o€ ARd4 =
Langerhans 4] 2] 4] Foll #2]s}ala 2 423 d o
= WAl e T Sg]Ee] gaAFHdd o APEE 2
Wl Aol crystal <& A=Y E7 F=& core § 7R
A 2 e H= 2 2L ofF dgbe}, Delta(D) )
E5% alpha 4| £ 53} olil7l=| £ F 2 Lanperhans
A8 "N Ha3stglod o e Hgded HE2H
Hell = alpha o beta A 252 =17 o) mabd 2o
Heg AAYES ez 2 25 vay a2
A E T44 gz A3 88 =213 AAYEE
ctefgbgivl. Langerhans fof & o] & W29 4 Z 5l
e FNa RAEge] EESLS AL AT 5
A g R Sgih(Fig. 14).

Az G AE D il AEEs Pl A
T45e AT = A dbE 59 W@ A5y Eol
s gla oA Z2E AoldlE EAEYPEE
gadeh ¢l E AEYs RARAEE E5E dAE
w2 Eeseda] g ol fn gl 2 daHdEE
o] W TR AMERL o] HAG LHE MYt
e dEe gaos @i g2 gldeh o] E
s 5L L Ueo] viefEgloay T o
N i i i 1 I M o - o
2 =43E AAn gla, $ AANEE Ad gk
o gt (internal elastic lamina)e] T2F ¥ 4 319
e, o] 5 o FF4 LA EL Bloom¥?E, Leeson? s
a Johannessen®: ] | Eg F4 442 £ A
g Falakgleh

2 &d @ T

(1) 2|26 HZE : Endotoxin 5o 30 L] 4 2
8] Ml E2Av o727 o] 4 w45 RER o]} mitocho-
ndria 54 #¥H&d4 o2 2138 =} 42 T2E
& prelysosome ¢| i~ gats] ¢lel. Endotoxin 5o
F 14 7kl = 304l 4] e} pre-lysosome 2| F v
el gasgle o7 ofdted FYTEE, AYHAT
E &) el s e AEL fietdd 2 213
v e FE2E & secondary lysosome Eo| o
712 7l el 4 A s el (Fig. 8), ¢]= mitochondria
el e A FAs cistae o] il AL4e] gyl
o] RER o &= W3yl F4bwjede] Eubsl ¢2425
717 ddx Golgi Z3ldle FE4HEe] F7E4
of. ol AR EE 2 g7t o s A 48 o

& AADEsA wobd Fe1sbe] AAA T
Az =gk F3y#ch(Fig. 9). Endotoxin o 24]
Fbell = A EHW e del 4 pre-lysosome o] & 3
o 2 secondary lysosome T ghe] Abs gl o o &
el AU st 22 W88 A, EasE o
AA4YE, a4y FREFLEA BT U431 3 ol
ol e} (Fig. 10). ¢]# mitochondria = F3te] Ff 4]
ihel 3 cristae 2] 3p4% gladlgef. RER 2 143
of 4| Mrp x4 st o "dajetgn ribosome £
ghete] = =g RER & Hiefale] &t
Avk s s e 2718 Y ¢ e

Golgi a6l & 14 2 2 W8 Aol 7l gl 5ivh.
e AL ol % FaFgos g2 AREY JdEE
e A=Y Es} Y2 2 ghAgE 3yt 3l En-
dotoxin 5o F 44 7hell = 24) 28] A o] w]dle] T
HAEsb £ o] 4% =mle] g}, Endotoxin o F 6474
e 247 ¥ 44 7ke] 2eeh9 s secondary lyso.
some @] o] S wtelsl o =&k myeline figure, 57
$3 4 TER, $49 TEES AALEL A
o d#2 FEEEL $idls post-lysosome Tof
wel FatEglos o FL T2 M E Fohtel 4
Feof] wgk ko] HAEG N dhe Ax2] WA
Bl 4% Fats|elchk, =4 mitochondria 2] F3-&
44 7ol A Beh vl 5 4lebgl i cristae 8| zHiE @ A
stgdvh. RER & fiyoe F472EE @HT A
g f2e] T4 B FEAH dHE Boos Golg
Ao HE FEATE B 24 TIF0] Helzlz
FTEATFTEE] ol FrHEsle(FE 11). I
N#499) +1 943 2ol 95 Endotoxin Fol F
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Table 1. Transmission electron miecroscopic fin-
dings of exocrine cells in rat pancreas

after endotoxin treatment

Table 2, Transmission electron microscopic fin-
dings of endocrine cells in rat pancreas
after endotoxin treatment

—

a0'-]1 hr 2-4 hrs 6~§ hrs

_'T‘irne observed

Time ;}hser\red
30°~1 hr 2~4 hrs §~5 hrs

Findings Findings
Lysosome Edema - + 4~k
Pre-lysosome +~ -~ - Lysosome
Secondary + 4 H Pre-lysosome + ~H i +
Post-lysosome - H # Second, lysosome — NI u
-Mitochondria Post-lysosome - + e
swelling + 4 I Mitochondria
Cristae, decreased + + H Swelling + o+~ +
RER Cristae + i H+
Disorganization - + ~ 4 4 Size, decreased - + H
Vesiculation + 44 s RER
Vacuolization - + +~H Vesicle — + +
Ribosomal shedding  — + +- Vacuole — + ~ 4 i
Golgi apparatus Ribozomal shedding - - +H
Number - + 4 Golgi apparatus
Vesicle tr 4+ 1+ Number — + 1
Lamellae +H -+ + Vesicle + + +
Vacuale + + 4 Lamellae + + TS
Secretory granule Vacuole -+ + 4t
Number, decreased =—~+ i~ +-~i —: Ahsent 4 Mild
Excretion + + H 4+: Moderate 4: Severe
Microvilli
Number +H + + o 2] Fell 4] 2 L] M e 4 AR 2 A P T
Flattening - + H Z% A\ primary ysosome 3} pre-lysosome ] uf
- - ebyich. Mitechondria = 7 & F4-& ¥4 2= RER
e e 2 $EALE +248 Fagu Golgi A= +

84 zhefl = 64] 719 = ol E Aelrp glglod 2
Mg AEl oL Adda old = post-lysosome
o] H& whe] €4 ¢t% 2+ mitochondria, RER, Golgi
FA el A H44 wH-Ee] o AF g o} (Fie.
12), =3 Hu| gl EL Agarl AU Erl wepd
32 gHlE sl 4k sk Jek(Fie.  13).
A 72 endotoxin Fo 24 3¢ o F5-6 & A 3ke] A
e s w4 microvilli 8] & hEHe] 3G
3 Bok-g BefFgich, o] AHE] 5wl M Zoll4] parR
AHET ELEA Je)l2 E408 el LS W o
5 #bgrel(Table 1 9 Fig. 1,2,5,6).

(2) WEH|HIZE : Endotoxin §o 304« & Wb
Ao gylm 1424 M 2R A FFo i

EQR A FEAHYEe] TS, o] 23k beta 4
Eg Sy ELE 3 b %7 gagd Rgog o
= 74 A5E2 ¢ walst glsic. Endotoxin &
o 24] 7t¥+| = prelysosome =} ¢+l secondary lyso-
some o] E& &7 4] =k o« (Fig. 15), mitocho-
ndria = F 33 {4 cristae 2] meoks] HF3Esn
RER & 2448 L& iy = whof] Eelgle
ribosome ¢] 14 shebabgleh. 4412l A sbak Fol e
o] F4& W goa) AdHq RER L 1 S4FF7
AR 24 W FELY FEFE B T4,
Golgi Z3] & F34 £3 4 Beo|wl 4] 2 7 FrHE
i, Beta sz 398 d47h Ul Fabd LT
A= o] 3p3ks] glch(Fig. 16). Endotoxin Fo §4] z1e]
v 4 secondary lysosome 2| 3= o] % F7hehgl

— 239 —



—of ghod p) EhE] 2] : 10 M 3 E ]985—

30min-1hr

Prim. Lysosome

ACPase Re.

Pos. Neg.

Pre-Lysosome

2 - 4hrs 6 - Bhrs

Sec. Lysosome Post-Lysosome

Pﬂ"sl

MNeqg.

Fig. 1, Schematic presentation of ultrastructural changes of lysosomes and results of acid phosphatase
reaction after endotoxin treatment,
C: Control group

Fig. 2. Schematic presentation of ultrastructural
changes of pancreatic acinar cell after
endotoXin treatment.

E: Experimental group

Pos.: positive Neg.: negative

i post-lysostme = g3tsl gl o o] Fldle HT
EE3 4§ H4d ol Ay =& Zg¢sisdch. Mite-
chondria + F3s @ o8 Xl 4 cristae #| &)
7} #7389 2} mitochondria & =27 & £#8 2}
olgi oy I id e AUzl =g o7 Ee] Al
#gl2, RER & 3472 s +24 4 F54
o £7E, Golizale 2 w7 gelAdH FE4 T
8 24, Endotoxin $eo] 84) ko] = ub4 3= 64] 7H
## £xar & ®eo)rF g9l 2w post-lvsosomea 2)
7} o] % wlela]i 4 3o mitcchondria 2] =27
A atopAw A 3R 432 ¥ges] Golgi 44
o N FE:AE Babgd e} (Fig. 17). ] A 24
hatE ol £dE Eaen o fw A XA g
A 42 %3 2 Aol dgdod 1 o8ske) FEe
Al 2 A e glek, o] 42| ] A el 4 AR
4G £522 Jepdd of-Fal hobe}(Table 2).

(3) HEW 4 DHE™Me ¢HEl: Endotoxin Fo 30
+4H "3 A Ed e A EHHA F G F3A,
pinocytotic vescle 8] 7} 24 1 mitochondria,
RER 2|3 Golgi A« At Fale] delkieh. 14
A e 30RA L 2 WA B W7
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Table 3, Transmission electron microscopic findings of wascular structures in rat pancreas after

endotoxin treatment

1me

2~4 hrs 6~8 hrs

N 30" ~1 hr
Site
Findings Endo Exo Endo Exo Endo Exo
Endothelial cell
Swelling 5+ + 4 4 # i
Vacuolar change — + + i oy H
Detachment - — + e + R
Cytoplasm
Mitochondria
Swelling - - + + H H~ 4
RER
Vesiculation - + + + ~4+ 11 H
Ribosomal shedding - + - + H H
Golgl apparatus
Vacuolar change — + + +~+ +H H
Nucleus
Margin irregularity - - + + + +
t Heterochromatin — — + + H# #
Lumen
Narrowing - - + + + ~{} -
Fibrin - - + + m m
Leukocyte - - + + + +
Microthrembi —_ — + + + o+~
—: Absent +: Mild 4+t Moderate #+ Severe 7 ¢ Increased

Endo: Endocrine portion

L2 TAH AEL st g8 F2E 2
EE gdolz] g o] TZE ¥ 7 s, Jdde
e Y = AT L2 e 714
o] Sl WEFY A5 smstd o4 B35k 43
o F]xotel] it M EZJA] 2] piniocytotic
vesicle o] zat= ¢dc}, Endotoxin fo 24 2042 R
o =) 4] 2ol = At 22 FAe] W5 Alsbd g
pinocytic vesiclee] S&d g F345 A EFH L
o R E&iFeco)(Fig 18), o4 EE 2 S5t
ke B JHAZE Abels Al He
# el gleb(Fig. 19). 4lE3" ulell 4+ mitochondria
2] Falal cristae 2] 44 ez RER & 24 §
2%} ribosome 2] wEl, ZElm Golgi 323 $3le
Alghed 2 #uje| = heterochromatin o] F7p=|glcl,
dals] WAL oA LFo qldhd Foba 3l
o fibrin, AY7F ¥ FAHIEYL T2 A
sholehiFig. 18), ¢|=j¢ wsEL 44308 o5 &

Exo: Exocrine portion

HeflFdo oo W wadr} A} 42
A8 F3 9 F2I8 4He] oS A FH e F3
H AENLE P B2 248 ¥dFen &
e g el Fobr el =i AEZR Y=
HELFQEY W Yo] AelqF e T 57 Blw
7| Al=tstgch. Endotoxin Rof §4) ghell = | 203
& zr4sl g mitochondria ¥+ cristae 2] A4 5
4, 2l 2 uhe 44t sldsgles fa]gE
t A FAEYA gt 234 280 FHEHd
o W38 W FE o Foby ek 2T AIZX
Ael] WAgt §52 2734 & &+ dsieHFig 200,
o] ¢t 432 endotoxin F-of £ 84| 7he] = ula o
2 A vl Y@ PEL 3] fibrin, AT, =
% g wlH4E FET FoE o7 dAld qkEe] ©
g ALY =Hsbn glgleh 2gn o & W4 T
T 2 dFA2EY AEY W 2L TE
%, lamellated bodies, =4ty Ze|la AU Es =
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Fig. 3. Schematic presentation of ultrastructural

changes on endothelium of capillaries and
arterioles,

Arrow: Rupture of mitochondria; Arrow
head: Widening of fenestration.

+ oY s Ee] dyn 9 Ao ESEqg
4 heterochromatin % we] el % ¢l c}(Fig.
21).

Yol H x4y ps o]k £HE P 2
2ol v Fu] 233} fealabg o] Fuls HFW 2
Bl maga o A3del o] 2rlaba] g 44t
N AEe vxEgch o] A4 sgs] HAE 2R
=402 el obga ghgbch(Table 3 9§ Fig. 3).

(0 HAMEO|HEY S0 ZobahE 23 :o|v] of 4k
ihsl 3he] zZHE lysosome 2| e F A EZFetajog
4s FHEEL ] E lysosome o 2] ACPase «| o g+
B4 F=F Fasts] ek A g A E2d e
=dstglnl lysosome & A zpaiv) A E4A) 25
uhd] & 38l atsle EBgbel, S pre-lysosome £

PA19E Al 3 & 1985—

TEE 7kAl+= 3L ACPase 2| 4] 25 2353
gabes} primary lysosome & of 276 4 = lysoso-
me A e AL FYEF B F v ¢ dte endoto-
Xin ¥ F el primary lysosome & F2 o
T4 5o ACPase3k4jo] =lrvbaj o2 w4 okain]
EbvbA v F lysosome 2] Wed Foll 4 2 H4e] 5
g él4l e}, Secondary lysosome o 4= ACPase 44
o lysosome ol A JelaAlE: gz P48
ekl = S el el A g HSF T gkl &
A Eh g o post-lysosome o = ACPase #H4 0] =
2] wjebta] efgke}(Fig. 1,22,23),

) FAHXISo|AY AH

CHET : A3 i AEEE HAZ2 F28 =&
EbHE & Hatwdd Awd o] £ o) e oA =
o qlE T4 gl dwe F o fu42E
= dAlE el Y Ee vy g Hele #e 4x
A8 Al AN Hald gz Fulel Avds a4
¢ RER =} mitochondria 7} 2 ¥abe) oo 5)ehb o i
Arzh A2 YA Lel g Ee] 2 slgle, 2
el AdAEE Ae], B £YE Aoof]l ®age] g
e 2 A EEL dAG g FEE o5
A A 28] abFe] H2 whaFal da)she widd g
ol e} (Fig, 24),

& 82 : Endotoxin 5o £ 14] be] v 4] & g
A ZEL Fi T3] delvp HiEaoce 4x3
o] delel§ o] £y fFoz FFdE 4L ¥
< %lgleh. Endotoxin 5o 2470 WnH2e F3
of Fulatgdn, B 55 W4 g38 e
= A =y, dalqLe] TdeE o 2
8 FE7F vebideh Tz AFda 248
W7ol Fobd glglen Fue ggsgn Ut
HE T3 AygT5ee Wz Aoz gl ocl(Fig
25). Endotoxin %o F 44 7bell & 241344 wW@rt &
e ddigon] JulHEEe aiaer FoFo
3 deje]E ol 24 A THoE Yaulnle] gl
A stgl e dae] EAldle FHeAdE o] F
sl 2 Faeg ¢dtd 2 ] Foln g %
ehgl eh(Fig. 26). =4t Ju]H T Ape] o) Hgst
wEH I v EEe] Ygyor My HBimom
WEE £3le] gabs geh, ele g WEREL A zbe]
T Aa AstdLn] 4zl 27 FHe| ot &
de] A9 2z a4 E2E S A 24
g ghol A & w] 2l ekab2 WMo Folc), Endotoxin &
o G4 7ke] AgkF M Es] HEle o$ 46
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Table 4, Scanning electron microscopic findings
of wascular structures in rat pancreas
after endotoxin treatment

Time observed
30" ~1 hr 2~4 hrs §~8 hrs

Findings o

Endothelium
Swelling & bleb - o+ +H =~ it
Disarrangement - 41 <
Microvillous change - + b

_ Gaps in cell junctions <+ + it +H
Fold & gully + +H 14
Detachment & Tearing — + + ~H

Lumen
Narrowing - + +
Congestion - + +
Microthrombi - + +
—: Absent +: Mild +: Moderate Jj: Severe

o e oo gl 2F €7 AHEEel 94 Ha
2oks] FEEE Y45 2 A3 sldEte 2R
Mofx] s Axle] gbars gic)(Fig. 27), z=lxn 3y
ok dggon Sy JulH4E st gYgs L o
m) 4 25 ape] 7t Helae 25 hE L3 E P4
th(Fig. 28). = d38 W& Wajdxs 33 5
23 dJelwl 2 glFe AbehE] Eara i FebH 49
ch(Fig, 200, #3532 H# o vl 2e] gleo] =
14] Zholl H-u] &) Bu) A 28] Hu] 37 8] Gt Fbsbe
2 5} zbg £ (Fig. 30, 31)¢] atslg& F 244
78 472 gl gle}(Table 4).

al -4

Endotoxin & 4 5% Fodbad, 55, FE4
T P Fd el 2 ge A =l vl A
o] 7} Gl-&x 2EW, dvizo® o, £33, 43
A, A, MAE v Eetd I Frg 3|
Ve & whiech(multiple organ failure theory)z <
HA e, e o] & FHou 248 4ot
endotoxin 22 & 4} @ 3}a]¢) 2pgeel =], o= 2:)
gl apgealx] ol zZ Aot FU rlaled]
] A E LeAd @A o] weth,

2e]#hed a2} endotoxin R B g1k A 35 1)
W] 2o galFAle] deid sheldr] S
Sprague-Dawley & 313+ E. coli, endotoxin & |

T ke 7.6mg F Sdel sk Az 7 ahel
wpep M A2 E A gele] o oty wlisld b
w174, FdAatde ] 8 FAgzlaee)d ez i
2 o7 & lysosome W8] ACPase 2] 84 & 21}
#o| Ay b Eeta) wos A4sgg o, 3
o] o &g 5 8 ujLe] e 14705 A
¢ e A3 3ol deluprl Aokl 247kl
v ol HEst Fo dstdAn e el HE
48 F23 9 d9549 VFo] dHsda, 443k
o = 64] Zhell A &) e ghe} of Feo] AW Fde] FE
7t st a, 64z 2 84zelE e 2E AE
ol o Al oleh o del uf - 2] A2
g9 es Susdel. a3 e goes
] u] M Zel] gle] 4= endotoxin Fof F 30-ol 4l
4= pre-lysosome & FHit FriskdE, 1424 =
pre-lysosome 2| <&7}2} secondary lysosome 2] &3,
mitochondria £ 33 Y crista 2] z+4, RER & &
Adeide] Eab, x4 459 F8, Golgigale] ¥
EH4LH Fqh ez Pvlatge delde s
3 4+ 4 2 jEEY AxYE FLF FE U4
4 Walge] gl erl, olE £AL Alake] Hs
s o At A Aol girh. W Hul A Eof] 4 5
LT 2] M2 £y AyoE AL gl
T A ghe] Fel A 143k A 24 5 FH A
I A= A% "k

24 & glef] 4 3= endotoxin Fof £ 30550 W4T
.ir-[s'-] B, = E8 F3, pinocytotic vesicle £
251, W7o oA, $8Fe] Uelupr] Asied 14
7 ol Fol e ol E Wit S A A WAL
W 2] g2, heterochromatin 2| F7F, A Zzt=s g
A, A 23 J2Ae2e F4, pinocytotic vesicle
2 FrlFo] HAHaos 243 o|FolH o]jF &
Ate] of & Al gt Ao opEa] ulHE8 =t} vli
dae] 8 4Ee| sab=glceh, A=lgie| Ay HLHE
#tla zldlel| 4 = pre-lysosome 3} post-lysosome =
4= ACPaszse 3140 S8ldfa] ¢4t o, primary o
Ae TARAY S22 a4 gAe], JE R
secondary lysosome of = -3 al 3H4Ho] epgbe},

FARAR= A2 g 8 Ag AR AL
S2E ol 4R gAY 5 gz, @3 i 24"
i, AF 8l Aol sl Es] FA, sEYY,
ool 2] 503, AFe] Hah, TR oW vEEa Y4y
%¢] endotoxin o I 14348 = glos, 64
ZbA e = o)A 22 ghede] farsgich ol & Y
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e WEE Azl es Mo, ool &g
Ala] #b #]-ga] 4] Ze] 7§k pre-lysosome 2| Frl—
DR FF-dgd AP YA LHHAE 8 A2
AE £5155) W44 w#prelysosome 8] Al
Er7b—secondary lysosome & F7}—post-lysosome
9 7159 selgeh. 2als] o %3 enedotoxin F
4% 4 WA et st dRAsAEg Wy
A W Fe} ) Fu) ) Eel] glej A2 P4 pre-lysosome
8] Frtd el o ol HelH 2 Wt sHE E
#Hatela, = o)2) sels Fe® gass zHe 4
ZF W g dalgddFe] ddelo] deigos e
) Hu) 4 24 74 pre-lysosome Zr2hel o]e] T4
5| 352 435 secondary lysosome T post-
ysosome & Frle AL 3F, dAY4F HEst
Hajsled 2 n ) Ral 4 E 9 WgulAE £ 3e ¥
g4 wasl deld Foll TR A FLE Bo}
23] 4 22 pre-lysosome 2] Frle 3 3k o] 4 22
A Bl A delvhe WHE dyddE Foubsle
o A7ge, weld 2 Agd gl M2 4
# 9 olsh medm wsse]l ol¢ Fasichm 47
e,

Endotoxin $+ 2 ¢4t M abefsladol o e 4
Janoff o Zeligs'"i= endotoxine] 4 F-«] =245
| lysosomal enzyme & #2]41#, Wao]s X 4
T deorm o8 QEte] sl el HY el 25 o]
H EAF A F -2 Alelel flgla, McGrath ¥ Ste-
wart*®' = endotoxin ¢] o] Fe] 3] Agated o
AAEAHE Qesln o2 st Al A4 2}
“#l g Ae)et #fgde}. EF Lillehei*®= endotoxin
o] Fodl ol Al abe] wa dejyn o=
et @ Frl b4 Walye] Wl Aalse]
olel H @428 wide] defof ol udmHE
# 4l 7b deiddz dhglm, 23 HAYe endo-
toxin H4 ol 3= ¥ JJ-5o] 73 FTaY #Hilelw §
4l 2=, Constantinides 2} Robbinson**£ endotoxin
of el Eelztw ¢]Ae] Aol AP falA AE
o] Zf3}ed zZE2] vasoactive amine 3 -fE] 4] A ¢]
Hol M2 Ata) U ggie]e] B2 FJH4
La7la, olaky o2 AT el 2F M2 A
#& dogletn 3+

o] 48] A8 fokile] endotoxin S AYFEA F
o dtnl o] el A Wy o] E AEEHY T W
Fhe] A vl 2h= A o] M2t 23 & AT Aoz
Ao, Qg TF Al st abal T A E P2

d Aelele AWS® Jelm Ao 2] AP 2] A o
spebd g of 7ol 4 e 7bx] vasoactvie amine
9l #F mediators, dlFE4 AEE endogenous
pyrogen, serotonin, kinine, plasminogen activating
factor, colony stimulating factor, prostaglandin,
levkocytosis indocing factor, macrophage activa-
ting factor, migrating inhibitory factor 54 2
AlA W oA Ee] Rl H 2R AdlE dovn @3
b4 & FrhA| ® eb(trigger mechanism) = & 447405
T® o glvh. Endotoxin fo 2 gl gl ) s g
7] &k M|7b=] Al F Janoff 8l Zeligs 2] 4 s} Consta-
ntinides 5 Robbinzon 8] 4.2 clzle] a4 F2] 2
e Wl Toh Al eAl W AR <1t oAy
3l wEal el M= FE5l)

Azl Ek =l E#a 8] endotoxin 28 gl gl Zaly] 4
ol Ak T Y2 QPG E v weld ¥ oo
endotoxin <2 ¢l 3+ # T4 4 7] z1& endotoxin o)
AR HoE 2te] W ) A Eel] abgale e E
T+ A Erii= endotoxine] & uln]4Ee Alal]E
A Feo o] & qldte a0 R k] Y o] A
2ok AHE g Aok R, o] el HE ol
At upel o], AAd A4 E ¥d endotoxin
Fod ¥ 717 vl ebd H3e 2R 2o gle] 4
2] pre-lysosome 2] gk FrFsl @ g =) 4] 2] Glof
M &3, pinocytotic vesicle ] =7}, mitocho-
ndria &8 F3-58 S LR gl =gy wgc. o
= ErlH vebst Frhal &g 2] A el 4 gt
5 pre-lysosome £| Frbe o|HA= o] griz 4
L o gu] 8 o] AEy RER 2 £x3),
ribosome £] gk3}, Golgi 3= FE3, mitochon-
dria 8] +3a 4l cristae 2] £4 50| W=l afel
Hee] debn gase gl AF, vl @4y
#t g L3 B A Jebd Y2 o 8r) gl 4
Ho g ¥ealtl, & ol ghElwl endotoxine] & Fel
Telzbwl mlA o o] H Eo] AgEte A oe] AHE Y
a7z o]l gldted 3 abggle] AbFs]o] &3
Y Ed desln = A Y4 Ge]aAl e HAY
4o g gughel BFE oS A4 o] slile] A
sl d98 AE] £l = 4ldrt AFSHz o
Hal z 473 & mitochondria, RER, Golgi 713 &
o Aeist 2R Aelek Al o Ael a4
Jones®Ee| Mol 937 fef, el 288 o F
=15 = Weil™, Naqui®?, Janoff 8! Weissmann®*®
& endotoxin F-of 2 15t #l33E] Al XA = dg]
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H 2 Abel) & 4k, F-2 vasoactive amine & E§F 3
i ale el A=A A=k 23 ¥ r)le endotoxin & A
gl AHE oS FEH gleh el A=
£ 4¥dlY dAHA=Ee olgt endotoxin £ =3l
Ha-E Y wWAg e glod 4re ele) 3]
endotoxin o £ = 4 E28] AdsAHce) 4 zka 31
A& tesielw endotoxin 8] EA A2y 4P ER
e ZRio]dZE e 4342 i endo-
toxin 2] =gl HEg FHEls] s dPAE
& djofgE o] &4 dT7 Hwelel ¢ ALR 47
2+

chgo2 & Adge 4 R4S 23F FF lysosome
2 Frbe A 4gs3E Bild # 7 dsla E o
5 Hwet L£alelz} 4daslch. Lysosome-£ 19594
de Dure o & A =e] 23 FH 4 o T P
A Aogxez, dejtha] o g H2g A
AEe] ¢HAA S, o] 5§ aofiy 454
L2E A e 5559 A 14 5 ACP-
ase, ribonuclease, cathepsin, deoxyribonuclease g
f-glucuronidase 7} glcl= o] Fadzioa] g
A7 Adg EgEd of 70F9 st 4l
v e, 5L AR e Hy 24F T
dl A GHF Tk AdEals Ealel e b
ALz v)Re] Beol HEHo glojHg o] F E34
43 Mol & geddbe AoE ¢ e, = gy
A lie 2 EXd gelA UA Falde FR A
AE4 Galgi #2] 9 zagal 464 absg x|
AT HE T ATFE AP AL 2E FE
olvt &9 AZEel4 GAY 4 Yo, 2= 3 lyso-
some = 1 @ el 7b chokile] Afolle o8 rta] o]
2z Hel¥gev de Duve 3 Wattiaux®?e| 2]
pre-lysosome, lysosome % post-lysosome 2] 47}
2 vpa lysosome & rhd] primary 9 secondary
lysosome 22 FR&lx glch. o8] #Hujdsy 5
&2 pre-lysosome 2 32 g4 nte g sfo]m Al
ARE ofF w2 A Ak A2 FEES F4
it # o %= RER, mitochondria $¢] g5 ¢
it ACPase 84-& Jeld= ¢+ A, primary lyso-
some £ 3-8 A YR Meola 2 ghedl TP =
715 =3e] n2A $iHe] sz ACPase 2] 4L
T4 & A el A, secondary lysosome 2 pre-
lysosome 3} primary lysosome o] fifsls @495
Aezd o] &Y F FErt Hihd AdHelAG BE
el Balsl ol FelA gdeizte 2 <hel AE A

WA 3§l 4 FEFe] glew, ACPase &4-5 ek
7l St YA 22 el 3, e]a post-lyso-
some & §h52 b ete s Melm o FE g A=) W
¥ el ¥am, 2 ¢k myeline figure o} o8} §
Ay A4 FE2EF WA G4 FEEES ORI
ACPase 42 ez ¢e 31 S2og FE5,

o] 4% lysosome o 33t AFral8 75d 2§
Wty H44 2oz L Yo gay lysosome
o H4sAE ¥gl, w2 endotoxin Fof E 304

] 4] Eol| 4 &= pre-lysosome o] k7 Er}ele oo}
2% RER, mitochondria, Galgi % 4 2d $48 47
s dde] sl dadied gl wet 2 S Fobs
i, E o|le]H zHE #Hel2 secondary lysosome o
F7heha, 2% post-lysosome o] F7b= gl 2o
ele ik #ifle W] A X HE  endotoxin ol |
Al Zbe vpebisieh, e]spile gl4b2 endotoxin Fof
2 qlabe slabbe] u o) A 2e] ek o
elut o] 2 qlebe] Wl gf o] FF A2y L3
+ Az Ets] #Ed wla pre-lysosomes] FHYsm
¢]a e| primary lysosome mb s} secondary
lysosome, 28] L post-lysosome 28 o8 sle] o}
- A& YR T =fehdq 2 4442 lysosome
4 F7b= endotoxin o] 2 ¢l sl At A3 8
At B ] M2 br)abg Ae, Ldbsbr] §6
el b3 2% #l4flch. E o] F2) T4& ACPase
#FHEeAqx Fostddch ¢)9) obge] Eul=gle 3
7} endotoxin Fof F 14 7b-08 =g =d], oA
4] endotoxin e 2 olg HY A4 A, o E
A4kdte RER, Golgi 7252 sl94 «ste} 3471
gl oeleba 4 2se}

23 £ Adge e Barde]d 9 Folad =g v
HA gabe| e FAalAHe|FeEE S Fa 9 4
ol A 25l & wsg sy e, ol24 ¢
T oalddel e diolyEs] Waddo &5 Faa
gl o] Aol 4 fAF Pz F4, dizs
YA vl ¥4, ez HalM 24 g Fol
34 gy o s ary e 7 siteleln gage,
o]l olAlE o dTalE Burt gla] of-Ed
o] % £ dYel el almg ¢ @Al 3k
=5 A 4 et afeleh o] FAld] slAlHE= o] 4
d T4 zld = abrt 2

o] 48] o] AFAEY Lag FHa = e
A2 & ol &5 vamdg & o endotoxin«] 2 43
2 Ad sl WA kA E g =g o
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Fig. 4. Suggested mechanism of pancreatic injury by endotoxin.(summary from proposals of Weil®™,
Naqui®?, Janoff®' as well as our experimental results®)

27t el gleka Yabs=, o] =& o] #HE =77
Aol we A zhe] adteletn Qe 2 3
dale] 7, FqAae Ay, FAAAGe|F LR 43
o, o7ld Ao HA AEZHSH d]ERAw
slztd e 2 o7 Adyer oRe F oo,
endotoxin o 2|3k A7 A 7l g cpft o] 49
@ 4 glezieln P (Fig, 4). F @Fel Ef
7} endotoxin -2 ojqgl HEZE e o n]H L] wlA] 4
g Fol o] & aldld 2 FHE DA FFe] e

i, o] FrkAqt ol % e A4 ek ddE 24
dhed Al abe] o)) B e 4 Ee HYE A E 2o
#}ed =2 A= nulx mitochondria 2] oxidative pho-
spholylation & #&]| 5 do® ATP 4 4ke] ghis 1,
ole} 4 RER, Golgi 33 5+ =94 Uzt 20, =
o] & b YAl At Fo24 EelAFe] zhE
3, o)F AdhE A ELo] L A3, A sl #
gl wla pre-lysosomea], o]#]4 secondary &
post-lysosome o] Fr7lele A2z Azbse), &
Russel 8 =24t#] o Fxp5e] il trigger mecha-

nism = &% 44 endotoxine] tirggeer 7} 5
o] ® 552 vascactive amine % 2] ¥t o] & che-
mical mediator 7} WM Z8 Ad#2}n = v)Ldy
& W4 dte] AR R 4L FAAA, AFYE
] A 8w Rl A Ed # YA E ubEe] Al
PguiztE opA Y FEda x et Ee
Weil®®, Naqui®*®’, Janoff % Weizsmann®ge| 7
st FHA 4 5 5] Eel3t endotoxine] AFHo
2 o) fa] 9 bl Al 2E e Helzk 2E 2T
uf A g 5~ e

2 of

2 z}3= endotoxin 22 <lgF #3242 a9 i
ol A 8] Are v ]2 ek ghobr| §)Ehe Sprague-
Dawley & 334 endotoxin-g a5 1kgw 7.6 mg
& 4ol T F 304, 1,2,4,6,84 34 H%E
A F she Gabeie]ld, Falalzlelv]7 8 Fabal=td
uH e FA45a ofEe lysosome |2 ACPase 2
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& A=A FdAZHaG ab ez it}
gk, 2 4AE ot el ek

FRHc e zE vt W RS 14 3%
Sl gk 3R SFa 29 Pelda] 4 absho 2
AlZbeell = o] wlglsh 3o Adtdan = o Ao}
it AlZAe] FEH U YFFHY fLFo] Eals)
WA, 443 = 24 R wWale] o fe] £FHE
9] FEA R, 6433 U Bz 4o
3 B dEge] o Aetdan = oo o] o - 33
a4l 22 42 Azt Qi ge

Fataltg =] g o gy )4 2o 3le] 4= endo-
toxin ¥+ & 3026 §le}A+ A pre-lysosome ¢]
T7tabE, 141 3ke & prelysosome o] o & Fris|gl
at, oo v{3#e] secondary lysosome 2] Sa,
mitochondria #] 3 % cristae 2] 7+4-, RER % &
el g E3b, sEQ AL w9, Golgi A3« 4
= TEYEY F7h 2Eln Eelgld gl e 5
He =8 e W 2 W38 AR Es b
T TE H4d4uinSel e, ol E £
A ko] A A, EH o dstd = Aol gl HEv]
M Zef] glej Ao dhe e 2] gle] 49 3]
siAes A ek EglAlgke] Tel M 14 k)
A 24] zhe el Jelto 2 AxE A8 me) gl

2 4% ghell 314143 endotoxin Fol % 30848 ¥
S48 F e B, 3, ez A
23 e NE, pinocytotic vesicle 2] F7t5e] Ui}
7| Alatete] 143k o] Fell = o] & wHr} o & 4l ElS
A4 do)4E ¢ 5%, heterochromatin 2] 7},
Al 2k 2] g, o] E HE2JY FYERE EF,
pinocytotic vesicle 8] F715¢] ol & #Haldd gz 2
Al 7k o] Feoll = o] & #Ale] ol Al#AZT o 7ol
= 22 mhujs) vy 843 fas)gic
A2kl =] Ao LAl 233 e 4 = pre-lysoso-
me s} post-lysosome o] 4] ACPasze 48] ¢ ===
greb e, primary lysosome of 4= Fal4k 349,
secondary lysosome o] 4= 2l f4de] e}
prig &8

TAAARe] Aoz Hge] R LA Ed A
SrlRel A AR & glgdx, €3 5 24u,
A5 S e oz T3, sEHA, W
o A, i3S §a3, F€ ¥ cl&dalFel endo-
toxin R F 1412 6] A g en, 6475 A5
+ oA ES ghde] A= gl

o] 42 4222 Hel endotoxin Fo 2 ol gt 47

28 97 4¢ endotoxin & A Y Fhe Eedziul,
o) i el Eelrh Wbl Ee WA AaE
2 o2 eldhe] Hable] HalgRe] Yanren 435
Hel 2 FHEHe 58 229 n ol = A
& Yot e 9 Wit MEZR b g5 3
S HAE des] T oA gty 9 Hlugz
e 2 TEEe HPAas) doluie o] ®gayE
A& &2, Aélr] §18ke] w14 pre-lysosome, ¢ of
4] primary lysosome 9 secondary lysosome o],
Bla viAlgte 2 post-lysosome o] Frbe}: o))
Wejzleh, el o]d ¥ 5« Selzk endotoxin o
HA g R e A e el g A4
= vt Ao,
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— Abstract=

Ultrastructural Changes in the Exocrine and
Endocrine Cells of Rat Pancreas in
Endotoxin Shock

Kun Young Kwon, M.D.* Chai Hong Chung, M.D.*
and Tae Joeng Sohn, M.D.*

* Depariment of Palhology, Keimyung University
School of Medicine

* Depariment of Pathology, Kyungpook Universily
School of Medicine

This study was carried out to investigate the
morphological changes in the exocrine and endo-
crineg glands of rat pancreas treated with endo-
toxin,

Thirty-five male Sprague-Dawley rats, mainta-
ined on a stock diet, weighing 200.0 gm. average.
were divided into two experimental groups,

Group 1. Control group.

Five rats, Intraperitoneal injections of 0,3 ml
normal saline only,

Group 2. Endotoxin-treated group.
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Thirty rats. 7.6 mg of endotoxin per kg, of
body weight was administered intraperitoneally.

Each of 5 experimental animal was sacrificed
30 minutes, 1,2.4,6 and & hours after endotoxin
treatment, followed by examinations of histoche-
mical, light and electron microscopy of both
transmigsion and scanning modes,

The results were as follows:

A, Light microscopic findings:

A mild interstitial edema and hyperemia were
noted |-hour after endotoxin treatment, Cytopla-
smic vacuolization at - 2-hour level(2-hours after
endotoxin administration), diminished staining
quality of both endoerine and exocrine cells at
6-hour level.

B. Electron microscopic examination:

a. Transmission electron microscopy.

The acinar cells of pancreas showed a mildly
increased pre-lysosome at 30-minute level. At
1-hour level, appearance of secondary lysosome
was noted in addition to the findings of mitocho-
ndrial swelling and decreased cristae; disarray
and vacuolization of the KER:; wvacuolar change
of Golgi apparatus, At §-hour level, post-lysoso-
mes, The changes in the endocrine glands were
similar to the findings of exocrine glands just
described with time lag of 1 to 2 hours, The endo-
thelial cells of capillaries show swelling and
pinocytotic vesicle formation, protrusion of the
cytoplasmic processes into the capillary lumen
and increased heterochromatin at ]-hour level.
These findings became more prominent as time
lapses. The lumen of the endothelium tends to
be narrowed, filled with fibrin and other blood
cell components which later terminated with

occasional complete occlusion by the formation
of thrombi,

b. Histochemical study:

Primary lysosomes of the control group revea-
led a strong reaction of the acid phosphatase
whereas the endotoxin treated group with less
reactivity limited in the peripheral zones of the

lysosomes. Secondary

lysosomes with partial

reactions. However, the pre-lysosomes and post-
lysosomes failed to demonstrate any acid pho-
sphatase activity at all,

c. Scanning electron microscopy:

The endothelial cells of the capillaries, arterio-
les and venules demonstrated increased micro-
villous activity, broad bleb formation, cytoplasmie
protrusion into the luminal spaces and microthro-
mbi formation at j-hour level. Six-hour level
onward there noted a junctional disruption and
partial detachment from the subendothelium of
the wall.

It can be concluded, therefore:

When the endotoxin enters the blood stream, it
elicits endothelial injury followed by both exuda-
tion with resultant edema of the surrounding
tissue and concomitant vascular occlusions due to
thrombosis. This wvascular occlusion, in turn,
causes ischemic degenerative changes of the cells
of exocrine and endocrine glands of the pancreas
which are followed by digestions of degradational
materials from the injured cells through the
lyzosomal phagocytic system. Besides the above
pathogenetic pathway, one can not rule out the
poszibility of the direct effects of the endotoxin
to the cells of exocrine and endocrine cells of the

pancreas also so rendered.

— 270 —



—7% 9 291 : 4402 Endotoxin Shock«] glelA¢] e de] 2 wjLuls2e) 2odejers of F—

A: Artery

Ac: Acini

Ar: Arteriole

Au: Autophagosome(Pre-lysosome)
- BL: Basal lamina

BEM: Basement membrane
En: Endothetial cell
EnC: Endocrine cell
ExC: Exocrine cell

F: Fibrocyte

(: Golgi apparatus

Gr: Granule

Grf: Beta granule

GrD: Delta granule

Is: Interstitium

Lo: Lobule

Lu: Lumen

Key for abbreviations
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Ly: Lysosome, primary
Lvp: Lysosome, post

L¥S: Lysosome, secondary
M: Mitochondria

N: Nucleus

MNeu: Neutrophil

Fc: Pericyte

Plt: Platelet

RBC: Red blood cell
RER: Rough endoplazmic reticulum
Sg: Secretory granule

V: Vein

Ve: Venule

Vi: Microvilli

Vo: Vacuole

WBC: White blood cell
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Fig. 5. Various patterns of lyzosomez (A to C)
A Pre-lysosome (1 to 3), B: Secondary lysosome (] to 3)
C: Post-lysosome (] to 3)
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Fig. 6. Schematic presentation of various patterns of lysosomes (Fig. 5),
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Fif. 7. Exocrine cell, pancreas, rat, control. The aeinar cells show numerous secretory granules and
some primary lysosomes in the apical portion, and well defined lamellated RER and mitocho-
ndria in the perinuclear cytoplazsm of basal portion. Uranyl acetate and lead citrate, (x4, 000)

— 274 —



—gzlel 8] 24 : 4493 Endotoxin Shock «] glej42] sizbe| ] o ojibe] 22| Zo|gegpa) o F—

Fig. 8 Exocrine cell, pahcreas, rat, T hour after injection of endotoxin. Autophagosomes are markedly

increased and RERs are vesiculated. The autophagosomes contain degenerated cellular organelles
such as RER(arrow), mitochondria(arrow head) or granular particles. Uranyl acetate and lead

citrate. (=17, 000)

Fig. 9. Exocrine cell, pancreas, rat, lhour after injection of endotoxin, Decreased electron density of
secretory granules with blurring of the membranedarrow) is present. The mitochondria show
mild swelling, and variable size and shape. Uranyl acetate and lead citrate. (> 29, 000)
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Fig. 10, Exocrine cell, pancreas, rat, 2 hours after injection of endotoxin, Numerous autophagosomes
and primary lysosomes are found. Secondary lysosome containing electron dense, round stru-
ctures or granular particles is noted. Uranyl acetate and lead citrate. {8, 000)

Fig. 11. Exocrine cell, pancreas, rat, § hours after injection of endotoxin. The Golgi apparatus show
increase in number and marked vacuolization(arrow). RERs are mostly wvesicular in shape.
Uranyl acetate and lead eitrate, (=29, 000)
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having lamellated bodies or myeline figure like structures are located adjacent to the eell
margin(arrow). RERs are diffusely vesiculated. Uranyl acetate and lead citrate. ({25, 000)

Fig. 13, Exocrine cell, pancreas, rat, 8 hours after injzction of endotoxin. Noted are markedly decrea-
sed electron density of secretory granules (arrow) and some secretory granules devoid of
intragranular materials{arrow head). Uranyl acetate and lead citrate. (= 10, G0O0)
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Fig. 14. Endocrine cells, pancreas, rat, control. The endocrine cells show mainly beta cells with many
membrane-bound round granules. The capillary endothelium shows nucleus and regularly thi-
ckened cytoplasm having some organelles, intercellular junctions(arrow) and many pinocytotic
vesicles(arrow head).x 9,000, Inset is magnified beta granules. The beta granules contain
electron-dense, round or crystal-like cores. Uranyl acetate and lead citrate. (%34, 000)
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Fig. 15. Endocrine cell(delta cell), pancreas, rat, 2 hours after injection of endotoxin. Primary and
secondary lysosomes are observed. Also present many delta granules with less eletron dense
core, Golgi apparatus and slightly disarranged RERs. Uranyl acetate and lead citrate. (=29, 000)

Fig. 16, Endocrine cell{beta cell), pancreas, rat, 4 hours after injection of endotoxin. Golgi apparatus
are increased in number and vacuolated. RERs show wvesiculation and ribosomal shedding
farrow head), The beta granules are partially evacuated their contents and reveal vacant

cavities{arrow). Uranyl acetate and lead citrate. (x34, 000)
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Fig. 17. Endocrine cell(beta cell), pancreas, rat, 8 hours after injection of endotoxin. Markedly vacuo-
lated Golgi apparatus, vesicular or vacuclated RERs with ribosomal shedding and free ribosome
are noted. The contracted mitochondria show disarranged cristae and electron-dense granules

of the matrix. Uranyl acetate and lead citrate. {60, 000)
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Fig. 18, Endothelial cell, capillary, pancreas, rat, 2 hours after injection of endotoxin, The endothelial
cell shows swelling, vesiculation or wvacuolation of the cytoplasm and loss of cytoplasmic
organelles. The luminar surface showing irregular protrusion of the endothelial cytoplasm
(arrow) and foeal villous formation(arrow head) filled with amorphous materials and a red
blood cell. Uranyl acetate and lead citrate. (=17, 000)
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are closely attached. Marked. protrusion of cytoplasmic process due to endothelial swelling (*)
is noted(arrow head). Also the luminar surface of the endothelium shows rather thinning and
focal widening of fenestrae(arrow). Uranyl acetate and lead citrate, (»10,000)

™

Fig. 20, Capillary and interstitium, pancreas, rat, 6 hours after injection of endotoxin. The endothelia
cell shows marked swelling and rupture of mitochonriaarrow), and manty pinocytotic vesicles
(arrow head). The capillary lumen is markedly narrowed and filled with amorphous or fibri-
noid materials. The free surface of the endothelium iz almost flattened. The interstitium
shows extensive edematous change. Uranyl acetate and lead citrate. (x17, 000)
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Fig. 21. Capillary, pancreas, rat, 8 hours after injection of endotoxin, The capillary lumen is exten-
sively narrowed and crowded with degenerated neutrophils, amorphous materials and red blood
cells. The neutrophils show hyperchromatic nuclei, lamellated bodies{arrow), vesicles, lipid
droplets and electron dense granules. Uranyl acetate and lead citrate. (<9, 000)
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Fig. 22, Exocrine cell, pancreas, rat, control. The primary lysosomes show homogeneously distributed
electron-dense reactive products(arrow). Acid phosphatase stain. (%34, 000)

a : [
b P SR 5 A
Fig. 23. Exocrine cell, pancreas, rat, § hours after injection of endotoxin. Electron-dense reactive pro-
ducts(arrow) are seen on the peripheral zone of the secondary lysosome. The electron-dense
reactive products are detected in irregular pattern. Acid phosphafase stain. (%17, 000)
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Fig. 24 Pancreas profile, rat, control. Secanning electron microsco
Well defined lobular structures with scattered acini, artery and vein, arterioles, venules and

interstitium are observed. (x1,500)
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Fig. 25, Arteriole and venule, pancreas, rat, 2 hours after injection of endotoxin. The luminar surfaces
of the endothelium show mild swelling, disarrangement, focal microvillous changes(arrow
head), The arteriolar walls show prominent thickening with luminal narrowing{arrow). The
lumen of the venule is crowded with red blood cells. SEM. {14, 000)
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Fig. 28, Venule,pancreas, rat, 4 hours after injection of endotoxin, The opening portion of the venular
branch shows marked swelling and irregularity of the endothelium{arrow head), The luminal
surface shows also mild degree of endothelial folds and gullies. (SEM, =2, 0000

Fig. 27. Arteriole, pancreas rat, 6 hours after injection of endotoxin. The luminal surface is crowded
with red blood cells, white blood cells and some platelet particles which form thrombus-like
pattern and obliterate the wascular lumen. (SEM, =4, 000)

— 287 —



—dighel gl ehal =) All0| A 3 & 1985—

Fig. 23, Venule, pancreas, rat, § hours after injection of endotoxin. Focal tearing(arrow head) and
detachment (arrow) are seen, (SEM, x2,000)

of the endothelium, shows marked swelling, irregularity folds and gullies(arrow), (SEM,
» 5, 000)
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Fig. 30, Exocrine cell, pancreas, rat, 4 hours after injection of endotoxin. Decreased secretory granules
are present on the apical portion, (SEM, =7, 000)

Fig. 31, Exocrine cell, pancreas, rat, 8 hours after injection of endotoxin. The apical portions of the
exocrine cells show markedly decreased secretory granules with empty spaces(arrow head).
The apical lumen shows dilation with a few remaining microvilli. x4,500. Inset iz magnifica-
tion of the apical lumen. (SEM, =11, 000)
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